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ABSTRACT

Background: Air pollution has become one of the most significant environmental threats to
human health worldwide. Increasing evidence suggests that exposure to air pollutants may
adversely affect skin homeostasis and contribute to the development or exacerbation of

inflammatory skin diseases.

Aim: The aim of this narrative review was to summarize current evidence regarding the
relationship between air pollution and selected inflammatory skin diseases, particularly acne

vulgaris, atopic dermatitis, and psoriasis.

Material and methods: A narrative review of scientific literature published within the last
ten years was conducted to evaluate the association between air pollution and inflammatory

skin diseases.

Results: Available evidence indicates that exposure to pollutants such as particulate matter,
nitrogen dioxide, ozone, and polycyclic aromatic hydrocarbons may damage the skin through
mechanisms including oxidative stress, disruption of the epidermal barrier, and activation of
inflammatory pathways. Epidemiological studies suggest that higher air pollution levels are
associated with increased incidence or severity of acne vulgaris, atopic dermatitis, and

psoriasis.

Conclusions: Air pollution appears to be an important environmental factor influencing skin
health and inflammatory skin diseases. Further research is needed to clarify causal

relationships and support development of preventive and therapeutic strategies.
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1. Introduction

Air pollution is widely recognized as an important environmental determinant of human
health. Humans are continuously exposed to airborne pollutants through inhalation, making
air quality a key component of environmental exposure 1,2. Air pollution is defined as the
contamination of the indoor or outdoor environment by chemical, physical, or biological
agents that alter the natural characteristics of the atmosphere 3. It originates from both natural
and anthropogenic sources, including industrial emissions, fossil fuel combustion, vehicle
exhaust, energy production, agricultural activities, waste incineration, and rapid urbanization,
as well as natural events such as wildfires, dust storms, and volcanic eruptions 4,5. Despite
global efforts to improve air quality, exposure to harmful pollutants remains widespread.
According to the World Health Organization (WHO), nearly 99% of the global population
lives in areas exceeding recommended limits, and air pollution remains the leading
environmental risk factor, contributing to approximately 7 million premature deaths annually
3. The major air pollutants include particulate matter (PM), particularly PMio and PMa.s, as
well as nitrogen oxides (NOx), sulfur dioxide (SO:), ozone (Os), carbon monoxide (CO),
volatile organic compounds (VOCs), and polycyclic aromatic hydrocarbons (PAHs) 1,5.
Particulate matter is a heterogeneous mixture of solid particles and liquid droplets suspended
in the air and is commonly classified according to aecrodynamic diameter into coarse particles
(PMio) and fine particles (PMo..s). Fine particulate matter is of particular concern because its

small size allows it to penetrate biological barriers and potentially enter systemic circulation 6.

The adverse health effects of air pollution have been extensively documented and involve
nearly every organ system in the human body. The strongest associations have been
demonstrated for respiratory and cardiovascular diseases, including asthma, chronic

obstructive pulmonary disease, ischemic heart disease, hypertension, and stroke 7,8.

However, increasing evidence indicates that environmental pollution also has important
implications for skin health. As the largest organ of the human body and the primary barrier
separating the organism from the external environment, the skin is continuously exposed to
environmental stressors such as airborne pollutants, ultraviolet radiation, and climatic factors

9.

Airborne contaminants may adhere to the skin surface or penetrate through the epidermal

barrier, triggering a cascade of biological responses including oxidative stress, lipid



peroxidation, inflammation, disruption of skin barrier function, and alterations in the skin
microbiome. These processes impair cutaneous homeostasis and may contribute both to

premature skin aging and to the development or exacerbation of inflammatory skin diseases

10,11.

In recent years, growing attention has been directed toward the role of environmental
pollution in dermatology. Epidemiological and experimental studies suggest that chronic
exposure to air pollutants may aggravate or predispose individuals to several common
inflammatory skin conditions, particularly acne vulgaris, atopic dermatitis, and psoriasis 12-

14.

The purpose of this narrative review is to examine the current evidence linking air
pollution with inflammatory skin diseases. Specifically, this review aims to summarize
epidemiological data, discuss the molecular and cellular mechanisms underlying pollution-
induced skin damage, and highlight potential preventive and therapeutic strategies that may

help reduce the dermatological burden associated with environmental pollution.
2. Research materials and methods

This narrative review was conducted in accordance with established methodological
principles for narrative literature reviews in biomedical research. A comprehensive literature
search was performed using major scientific databases, including PubMed and Google

Scholar to identify relevant publications on the impact of air pollution on skin health.

nn

The search strategy combined the following keywords: "air pollution", "particulate matter",
"PM2.5", "skin", "skin diseases", "dermatology", "acne vulgaris", "atopic dermatitis",
"psoriasis", "oxidative stress", and "environmental exposure". Boolean operators ("AND",

"OR") were used to refine the search results and ensure relevance.

The review focused on articles published in English between 2015 and 2026, including
original research, epidemiological studies, experimental studies, and previous reviews that
explored the association between environmental air pollutants and dermatological outcomes.
Additional publications were identified through manual screening of the reference lists of

selected articles.

Inclusion criteria were studies investigating the effects of environmental air pollutants on
skin physiology, skin barrier function, inflammatory processes, or the incidence and

exacerbation of inflammatory skin diseases. Exclusion criteria included articles unrelated to



dermatological outcomes, studies focusing exclusively on indoor air pollution without

relevance to skin, and non-peer-reviewed publications.

The selected publications were analyzed qualitatively, and their findings were synthesized
to provide a comprehensive overview of the mechanisms through which air pollution may

contribute to the development and progression of inflammatory skin diseases.
3. Research results

1. Mechanisms of skin damage

3.1.1 SKkin as a barrier and route of pollutant exposure

The skin is the largest organ of the human body and performs multiple essential functions,
including protection against environmental stressors, prevention of excessive water loss,
thermoregulation, immune defense, sensory perception, and metabolic processes such as
vitamin D synthesis 10,15. Owing to its continuous exposure to the external environment, the

skin serves as the primary interface between the body and environmental pollutants.

Structurally, the skin consists of three main layers: the epidermis, dermis, and hypodermis,
each contributing to the maintenance of cutaneous homeostasis. The outermost layer of the
epidermis, the stratum corneum, plays a central role in barrier function. It is composed of
corneocytes embedded in a lipid-rich matrix, forming a highly organized structure that

restricts the penetration of harmful substances and limits transepidermal water loss 16,17.

Maintenance of an intact epidermal barrier is crucial for protection against pathogens,
irritants, and environmental toxins. However, disruption of this barrier increases skin
permeability and facilitates the penetration of airborne pollutants, including particulate matter
(PM), ozone (0O3), and volatile organic compounds (VOCs). These agents may accumulate on
the skin surface or penetrate into deeper layers, triggering a cascade of biological responses

that contribute to cutaneous damage 18,19.

Overall, impairment of the skin barrier represents a one of the key mechanism through

which air pollutants exert their detrimental effects on skin health 20.

3.1.2 Skin barrier dysfunction and transepidermal water loss

The functional consequences of epidermal barrier impairment can be assessed using
transepidermal water loss (TEWL), a widely applied non-invasive marker of skin barrier
integrity. TEWL reflects passive water diffusion through the stratum corneum, and its
elevation indicates compromised barrier function, which is associated with increased skin

dryness, sensitivity, and susceptibility to irritation 21. In clinical settings, TEWL is commonly



used as an indicator of disease severity in inflammatory skin conditions such as atopic

dermatitis and psoriasis 22.

Accumulating evidence suggests that exposure to air pollutants significantly affects
TEWL levels. Experimental studies using in vitro models, animal systems, and human
subjects have demonstrated that exposure to particulate matter (PM) and volatile organic

compounds (VOCs) leads to a measurable increase in TEWL, indicating direct impairment of

barrier function 20, 23-26.

In addition, epidemiological data indicate a positive association between exposure to fine
particulate matter (PMz.s) and elevated TEWL. Pollution exposure has also been associated
with alterations in sebum production and composition, which may further contribute to barrier

instability and increased susceptibility to environmental stressors 13,27.

3.1.3 Structural proteins and lipid damage

Beyond functional impairment, air pollution also affects key structural components of the
epidermis that are essential for maintaining barrier integrity. One of the most important
proteins involved in this process is filaggrin, which plays a crucial role in keratin filament
aggregation and the formation of the stratum corneum. In addition, filaggrin degradation
products contribute to the formation of the natural moisturizing factor (NMF), which is

essential for maintaining adequate skin hydration 28,29.

Alterations in filaggrin expression have been associated with impaired barrier function and
increased susceptibility to environmental stressors. Experimental studies indicate that
exposure to particulate matter may modulate the expression of barrier-related proteins,

including filaggrin, thereby exacerbating epidermal dysfunction 26,30.

Structural abnormalities within the stratum corneum, such as increased exposure of
corneodesmosomes, may also occur under conditions of barrier disruption. These changes can
facilitate adhesion and colonization by pathogenic microorganisms, including Staphylococcus

aureus, thereby promoting cutaneous inflammation 31,32.

Air pollutants have also been implicated in lipid peroxidation, leading to qualitative and
quantitative alterations in epidermal lipids. As intercellular lipids are essential for maintaining
the cohesion and impermeability of the stratum corneum, their degradation further

compromises barrier integrity and increases susceptibility to external irritants and allergens 33.



3.1.4 Skin microbiome alterations

An integral component of skin homeostasis is the cutaneous microbiome, a complex
ecosystem of microorganisms that contributes to the maintenance of immune balance and
epidermal integrity. The skin microbiota plays a crucial role in protecting against pathogenic

colonization and modulating local immune responses 34.

The composition of the skin microbiome varies across anatomical sites and is influenced
by multiple factors, including skin pH, sebum production, hydration, age, and environmental
exposure 35. Disruption of this balanced ecosystem may promote inflammatory responses and

increase susceptibility to skin disorders 36.

Exposure to air pollutants can alter both the composition and function of the skin
microbiota. Pollutants such as ozone and particulate matter may influence the composition
and diversity of the skin microbiome, potentially disrupting the balance of commensal

organisms 37.

Experimental studies have demonstrated that exposure to ozone may lead to a substantial
reduction---up to 50%---in the resident skin microflora, indicating its potential bactericidal
effects. Conversely, pollutant-induced disruption of the skin barrier may facilitate
colonization by opportunistic or pathogenic microorganisms, further contributing to

inflammation and the development of skin diseases 38.

3.1.5 Oxidative stress and inflammation

Beyond microbial disruption, exposure to air pollution induces oxidative stress and
inflammatory responses, which represent central mechanisms of pollution-related skin
damage. A key pathway underlying these effects is the excessive generation of reactive
oxygen species (ROS) following exposure to environmental pollutants such as particulate

matter, ozone, and polycyclic aromatic hydrocarbons 12,39.

Particulate matter (PM) contributes to oxidative stress through multiple pathways, leading
to both exogenous and endogenous ROS generation. Due to its highly reactive surface, PM
can directly promote the formation of free radicals. In addition, its components, including
transition metals, polycyclic aromatic hydrocarbons, and quinones, are capable of generating

ROS through chemical reactions such as Fenton-like processes and redox cycling 40.

Beyond direct ROS production, PM exposure may also enhance intracellular oxidative

stress by disrupting cellular homeostasis. It has been shown to induce dysfunction of key



organelles, particularly mitochondria and the endoplasmic reticulum. Mitochondrial
impairment increases endogenous ROS production, while endoplasmic reticulum stress
further contributes to oxidative imbalance through disturbances in calcium signaling and

protein folding 41,42.

In addition to direct molecular damage, oxidative stress activates intracellular signaling
pathways, including nuclear factor kappa B (NF-kB), which plays a central role in regulating
inflammatory responses. This activation leads to increased production of pro-inflammatory
cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor-alpha

(TNF-a), thereby amplifying local inflammation 43.

When ROS production exceeds the skin's antioxidant defense capacity, oxidative stress
occurs, resulting in damage to lipids, proteins, and DNA, and ultimately impairing cellular
and tissue function. Collectively, these processes disrupt skin homeostasis and may contribute

to the development or exacerbation of inflammatory skin diseases 13.

3.2 Air pollution and acne vulgaris

Acne vulgaris is a common chronic inflammatory skin disease, particularly prevalent
among adolescents and young adults. It is characterized by the presence of comedones,
papules, and pustules, primarily affecting the face, as well as the neck, chest, and back. Its
pathogenesis is multifactorial and involves increased sebum production, follicular
hyperkeratinization, microbial colonization---mainly by Cutibacterium acnes---and
inflammation. In addition to genetic and hormonal influences, environmental factors,

including air pollution, are increasingly recognized as important contributors 44,45.

Epidemiological studies indicate that exposure to air pollutants, particularly particulate
matter (PM) and nitrogen dioxide (NO2), is associated with increased acne prevalence and a
higher frequency of dermatological consultations. The underlying mechanisms appear to
involve a combination of oxidative stress, alterations in sebum composition, and enhanced

inflammatory responses 27,45,46.

Air pollutants such as particulate matter and ozone (Os) can induce the generation of
reactive oxygen species, leading to oxidative stress and lipid peroxidation. One of the key
consequences is the oxidation of squalene, a major component of sebum, into comedogenic
squalene peroxides, which contribute to follicular obstruction and lesion formation. At the
same time, pollution exposure may alter sebum quantity and composition, further promoting

an environment conducive to acne development 12,47.



Additionally, exposure to other environmental pollutants, such as cigarette smoke and
PAHs, may further contribute to acne pathogenesis by promoting inflammation and acneiform

eruptions 13.

Overall, current evidence suggests that air pollution may exacerbate acne through
interconnected mechanisms involving oxidative stress, dysregulation of sebum, and

inflammation

3.3 Air pollution and atopic dermatitis

Atopic dermatitis (AD) is a chronic, relapsing inflammatory skin disease characterized by
pruritus, erythematous scaling plaques, crusting, fissuring, and lichenification, typically
affecting the face, neck, and flexural areas such as the antecubital and popliteal fossae. It is
one of the most common skin disorders in childhood, with onset occurring in up to 60% of

cases within the first year of life and in the majority of patients before the age of five 48,49.

The pathophysiology of AD is complex and multifactorial, involving epidermal barrier
dysfunction, immune dysregulation, and alterations in the skin microbiome. Increasing
attention has been directed toward environmental factors, including air pollution, which may
contribute to both the development and exacerbation of the disease 50. Epidemiological
studies further suggest that exposure to ambient air pollution is associated with an increased
incidence of atopic dermatitis, often demonstrating a dose--response relationship between

pollutant levels and disease risk 51,52.

In patients with AD, who already present with impaired barrier function, exposure to air
pollutants may further exacerbate oxidative stress and contribute to disease progression.
Pollutants can induce the production of reactive oxygen species, leading to oxidative stress
and subsequent damage to cellular components. This process promotes lipid peroxidation and
depletion of cutaneous antioxidants, further weakening the skin barrier. In parallel, exposure
to pollutants has been associated with increased TEWL and reduced expression of structural

proteins such as filaggrin, thereby facilitating the penetration of irritants and allergens 53.

At the molecular level, PAHs can activate the aryl hydrocarbon receptor (AhR), a
transcription factor involved in the regulation of inflammation and epidermal homeostasis.
Activation of this pathway has been linked to increased expression of mediators associated
with pruritus and inflammation, as well as to further impairment of the skin barrier,
contributing to key clinical features of AD, including itch hypersensitivity and chronic

inflammation 12,54.



Moreover, pollution-induced oxidative stress may activate inflammatory signaling
pathways, including nuclear factor kappa B (NF-«xB), leading to increased production of pro-
inflammatory cytokines. Environmental exposure has also been associated with a shift toward
a Th2-dominant immune response, characterized by increased levels of cytokines such as
interleukin-4 (IL-4) and reduced interferon-gamma expression, which further contributes to

disease progression 12,53,55.

Overall, current evidence suggests that air pollution may exacerbate atopic dermatitis
through a combination of oxidative stress, barrier disruption, and immune dysregulation,

acting in a highly interconnected manner.

3.4 Air pollution and psoriasis

Psoriasis is a chronic immune-mediated inflammatory skin disease characterized by
abnormal keratinocyte proliferation and dysregulated epidermal turnover. The disease is
clinically heterogeneous and may present in several phenotypes, including plaque, guttate,
pustular, erythrodermic, and inverse psoriasis. Plaque psoriasis represents the most common
form, accounting for approximately 80--90% of cases. It typically manifests as well-
demarcated erythematous plaques covered with silvery-white scales, most frequently affecting

the extensor surfaces of the elbows and knees, as well as the scalp and trunk 56.

The pathogenesis of psoriasis is multifactorial and involves genetic susceptibility,
environmental triggers, and immune dysregulation. In contrast to atopic dermatitis, which is
predominantly associated with a Th2-mediated immune response, psoriasis is primarily driven
by the IL-23/Th17 inflammatory axis, which plays a central role in disease development and

persistence 57.

Increasing evidence suggests that environmental factors, including air pollution, may
contribute to both the onset and exacerbation of psoriasis. Epidemiological studies conducted
in populations from China, Europe, and the United States have demonstrated that both short-
term and long-term exposure to air pollutants such as particulate matter (PMa.s and PMuo),
nitrogen dioxide (NO:), and ozone is associated with increased psoriasis incidence, greater

disease severity, and more frequent disease flares 58-63.

Several mechanisms have been proposed to explain this association. Air pollutants may
influence immune responses through pathways involved in inflammatory signaling and T-cell
differentiation. In particular, particulate matter and PAHs can activate the AhR, a ligand-
activated transcription factor involved in cellular responses to environmental toxins.

Activation of AhR has been associated with modulation of T-cell activity and may promote

10



differentiation of Th17 cells, which are key mediators of psoriatic inflammation through the

production of cytokines such as interleukin-17 (IL-17) 12,64.

In addition, pollution-induced oxidative stress and inflammatory signaling may further
enhance immune activation in psoriatic skin, potentially contributing to the initiation or
exacerbation of psoriatic lesions 65. Collectively, these findings suggest that environmental
pollution may represent an important external factor capable of influencing psoriasis activity

through mechanisms involving oxidative stress and immune dysregulation.

. . Major pollutants
) Dominant immune ) ) )
Disease associated with Proposed mechanisms
pathway | )
disease activity
Sebum oxidation, lipid
A Innate immune activation peroxidation, altered
cne
) and sebaceous gland PMa.5, NO2, Os sebum composition, and
vulgaris ‘ ‘ ‘ o
dysregulation inflammation within the
pilosebaceous unit
Atopic Epidermal barrier
dermatiti o PMa.5, VOCs, disruption, increased
crmatitis Th2-mediated immune NO o
AD 2 TEWL, oxidative stress,
(AD) response .
and Th2-skewed cytokine
responses
AhR activation, Th17
o IL-23/Th17-mediated PMoa.s5, NO2, polarization, oxidative
Psoriasis ] ) )
inflammation PAHs stress, and immune
activation

Table 1. Summary of proposed mechanisms linking air pollution with inflammatory skin

diseases.
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4. Discussion

Air pollution has emerged as an important environmental determinant of human health,
and increasing evidence suggests that it also plays a significant role in inflammatory skin
diseases. This narrative review summarizes current evidence linking exposure to pollutants

with acne vulgaris, atopic dermatitis, and psoriasis.

Several biological mechanisms appear to underlie pollution-induced skin damage. One of
the most consistently described processes is oxidative stress resulting from excessive
production of ROS following exposure to pollutants such as particulate matter, ozone, and
nitrogen oxides. Oxidative stress may lead to lipid peroxidation, depletion of cutaneous

antioxidants, and cellular damage, ultimately disrupting skin homeostasis 12-14.

Another important mechanism involves impairment of epidermal barrier integrity. Air
pollutants may alter the structure and function of the stratum corneum by affecting structural
proteins and increasing TEWL, thereby facilitating the penetration of irritants and allergens

and promoting cutaneous inflammation 21-22.

Although these mechanisms are shared across several dermatological conditions, the
downstream immunological responses differ between diseases. Acne vulgaris is primarily
associated with alterations in sebum composition and inflammation within the pilosebaceous
unit 45. In AD, pollution appears to aggravate barrier dysfunction and Th2-mediated
inflammation, whereas psoriasis is mainly linked to dysregulation of the IL-23/Th17 axis and

pollutant-induced immune activation 50,57.

Epidemiological studies conducted in different populations have reported associations
between exposure to PM:.s, PMio, nitrogen dioxide, ozone, and increased incidence or
severity of inflammatory skin diseases 14, 51, 58, 62. However, many available studies
remain observational and may be influenced by confounding factors such as climate, lifestyle,
genetic susceptibility, and socioeconomic status. Therefore, further longitudinal and
mechanistic studies are required to better clarify causal relationships and identify the most

clinically relevant exposure pathways.

Improved understanding of pollution-induced skin damage may have important clinical
and public health implications. Identification of environmental risk factors could support

preventive strategies aimed at reducing exposure and may contribute to the development of

12



targeted therapeutic approaches focused on oxidative stress, barrier dysfunction, and immune

dysregulation.

5. Conclusions

Current evidence suggests that air pollution is an important environmental factor that may
contribute to both the development and exacerbation of inflammatory skin diseases.
Experimental and epidemiological studies indicate that pollutants such as particulate matter,
ozone, and nitrogen dioxide may impair skin homeostasis through oxidative stress, epidermal

barrier disruption, and inflammatory activation.

Despite growing evidence supporting the relationship between air pollution and skin
disease, further well-designed studies are needed to better define causal mechanisms and
evaluate effective preventive and therapeutic strategies. A better understanding of the
interaction between environmental exposure and skin health may contribute to improved

management of common inflammatory dermatological conditions.
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