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Abstract

Background: Acne vulgaris is a prevalent dermatological condition affecting up to 85% of adolescents,
significantly impacting their psychological and social well-being. It is multifactorial pathogenesis involves
increased sebum production, follicular hyperkeratinization, microbial colonization, and inflammation. Early
diagnosis and effective management are crucial to prevent scarring and mitigate psychosocial consequences.
This narrative review aims to synthesize current insights into the etiology, clinical presentation, and
management of acne vulgaris in adolescents.

Methods: A comprehensive literature review was conducted using PubMed, Scopus, and Web of Science
databases to identify recent studies and guidelines on acne vulgaris published within the last decade. Articles
were screened for relevance, focusing on adolescent populations, advances in pathogenesis, clinical
characteristics, and therapeutic strategies. Data on conventional treatments, emerging therapies, and preventive
approaches were critically analyzed and synthesized.

Conclusion: Acne vulgaris in adolescents presents with diverse clinical manifestations, ranging from non-
inflammatory comedones to severe nodulocystic lesions. Management requires a multifaceted approach,
including tailored topical and systemic therapies, lifestyle modifications, and psychological support. Advances
in understanding acne pathogenesis, particularly the role of the skin microbiome and inflammatory pathways,
have opened avenues for innovative treatments, including biologics, light-based therapies, and nanotechnology-
driven drug delivery systems. A holistic and personalized approach is essential to optimize outcomes, minimize

scarring, and address the psychosocial impact of acne vulgaris in this vulnerable population.
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Introduction

Acne vulgaris is one of the most common
dermatological conditions affecting adolescents
worldwide ™. It is a chronic inflammatory skin
disorder primarily involving the pilosebaceous
units, which include hair follicles and associated
sebaceous glands. Clinically, acne is characterized
by the presence of a spectrum of lesions, including
comedones (open and closed), inflammatory
papules, pustules, nodules, and, in severe cases,
cysts. It typically manifests during puberty due to
the surge in androgen levels, which stimulate
sebaceous gland activity and sebum production.
Acne affects approximately 85% of individuals
aged 12 to 24 years, with varying degrees of
severity, making it a significant public health
concern in this demographic 2,

The psychosocial impact of acne vulgaris
on adolescents cannot be overstated. Adolescence
is a critical period for physical, emotional, and
social development, during which appearance plays
a pivotal role in self-esteem and interpersonal
relationships. Acne, especially moderate to severe

forms, has been associated with a higher risk of
anxiety, depression, and social withdrawal. In some
cases, it can contribute to academic
underperformance and a diminished quality of life.
These consequences highlight the importance of
recognizing acne not merely as a cosmetic concern
but as a condition with profound psychological and
social implications &I,

Early intervention in acne management is
crucial for several reasons. Prompt and appropriate
treatment can prevent the progression of acne,
minimize the risk of permanent scarring, and
alleviate psychosocial distress. Moreover, early
addressing of acne can reduce the duration of the
disease and improve long-term outcomes, fostering
better skin health and emotional well-being for the
affected individuals ™.

The objective of this narrative review is to
provide a comprehensive overview of acne vulgaris
in adolescents, focusing on its etiology, clinical
presentation, and management. By synthesizing
current knowledge and emerging trends in the field,
this review aims to inform healthcare professionals,
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educators, and caregivers about the multifaceted

nature of acne and the importance of a holistic

approach to its treatment and prevention.

Etiology and Pathophysiology

Acne vulgaris arises from a combination
of interrelated factors that contribute to the
initiation and progression of the condition !,

1. Hormonal Influences During Adolescence

The onset of acne is closely linked to
hormonal changes that occur during puberty. These
hormonal shifts lead to the following ©:

e Androgen Surge:

o During adolescence, increased levels of
androgens (e.g., testosterone and
dihydrotestosterone) stimulate sebaceous gland
growth and activity.

o Androgens bind to androgen receptors on
sebocytes (sebaceous gland cells), promoting
the production of sebum, an oily substance that
contributes to acne development.

e Increased Sebum Production:

o Excessive sebum provides a nutrient-rich
environment conducive to the proliferation of
Cutibacterium acnes (formerly known as
Propionibacterium acnes).

o Sebum overproduction also contributes to the
clogging of hair follicles, forming comedones.

e Role of Hormonal Fluctuations in Females:

o In adolescent females, acne may worsen
premenstrually due to cyclical changes in
estrogen and progesterone levels, which
influence sebaceous gland activity.

2. Role of Sebaceous Gland Activity and

Cutibacterium acnes

Sebaceous gland activity plays a central
role in acne pathogenesis through its interaction
with Cutibacterium acnes and its impact on

inflammation .

e Sebaceous Glands:

o These glands, concentrated on the face, chest,
and back, produce sebum as part of the skin’s
natural barrier function.

o Overactive sebaceous glands in adolescents
contribute to excessive sebum accumulation, a
hallmark of acne.

e Colonization by Cutibacterium acnes:

o C. acnes is a Gram-positive, anaerobic
bacterium that resides within hair follicles.

o It metabolizes triglycerides in sebum into free
fatty acids, which are irritative to the
follicular epithelium and promote
keratinocyte hyperproliferation.

o This bacterial activity contributes to follicular
obstruction and the  formation  of
microcomedones.

Induction of Inflammation:

C. acnes triggers an innate immune response by
activating Toll-like receptors (TLR-2) on
keratinocytes and immune cells.

o This results in the release of pro-inflammatory
cytokines (e.g., interleukin-1p, interleukin-8,
and tumor necrosis factor-a), perpetuating
inflammation in the follicle and surrounding
tissue.

o The inflammatory response leads to the
development of papules, pustules, and nodules.

3. Genetic Predisposition and Environmental
Factors

Genetic and environmental influences significantly
impact acne development, determining
susceptibility, severity, and persistence .

Genetic Predisposition:

o Family history of acne is a strong risk factor.
Studies suggest that genetic factors influence
sebaceous gland size, androgen sensitivity, and
immune responses.

o Polymorphisms in  genes related to
inflammatory  pathways and  androgen
metabolism may predispose individuals to
severe acne.

e Environmental Factors:

o Diet:

= High-glycemic diets (e.q., refined
carbohydrates and sugars) are associated with
increased insulin-like growth factor-1 (IGF-1)
levels, which can exacerbate sebaceous gland
activity and inflammation.

= Dairy consumption has also been implicated in
acne, though the mechanisms remain under
investigation.

o Stress:

= Stress is known to worsen acne severity,
potentially through the activation of the
hypothalamic-pituitary-adrenal ~ axis  and
increased cortisol levels, which affect
sebaceous gland activity.

o Exposure to Pollutants:

= Environmental pollutants can induce oxidative
stress and inflammation in the skin,
aggravating acne.

o Skincare Products:

= The wuse of comedogenic cosmetics or
inappropriate skincare products can block
follicles and worsen acne.

o
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Table( 1) Etiology and pathophysiology of acne vulgaris in adolescents !

5, 8].

Factor Mechanism

Hormonal Influences Androgen Surge

Sebum Overproduction

Hormonal Fluctuations in
Females

Sebaceous Gland Sebaceous Glands

Activity
Colonization by
Cutibacterium acnes
Induction of
Inflammation
Genetic

Predisposition Family History

Gene Polymorphisms

Environmental

Increased androgens stimulate sebaceous
leading to excessive sebum production.

Sebum clogs hair follicles, providing an environment
for bacterial proliferation and comedone formation.
Cyclical changes in estrogen and progesterone levels
may worsen acne premenstrually.

Overactive sebaceous glands produce excessive sebum,
primarily on the face, chest, and back.

C. acnes metabolize sebum into free fatty acids, which

glands,

irritate  the follicular  epithelium and promote
inflammation.
Bacterial activity triggers an immune response,

releasing pro-inflammatory cytokines and exacerbating
inflammation.

Genetic factors influence sebaceous gland size,
androgen sensitivity, and immune response, increasing
susceptibility.

Variations in genes related to inflammation and
androgen metabolism may predispose individuals to
severe acne.

High-glycemic diets and dairy intake may increase IGF-

Factors Diet 1 Ievels_, promoting  sebum  production and
inflammation.
Stress Stress activates cor.tis_ol production, Which can worsen
sebaceous gland activity and acne severity.
Pollutants Environmgntal exposure induces oxidative stress and
inflammation, aggravating acne.
Skincare Products Comgdogenic cosmetics can block follicles and
contribute to acne development.
Clinical Presentation of Acne Vulgaris in reflects the complex pathophysiology of the

Adolescents

Acne vulgaris manifests in various forms,
ranging from mild, non-inflammatory lesions to
severe, inflammatory nodulocystic presentations
(Figure 1). The diversity of these clinical forms

condition. Adolescents, being the most affected age
group, typically experience significant physical and
psychosocial impacts from acne, necessitating a
clear understanding of its presentation for timely
diagnosis and management 51,
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Fig.( 1) Schematic illustration of major distinguishing of the two types of lesions (non-inflammatory,
inflammatory) and their pathogenies

Types of Acne Lesions

Acne lesions are generally categorized as
non-inflammatory ~ or  inflammatory.  Non-
inflammatory lesions, often the earliest signs of
acne, primarily include comedones. Open
comedones, commonly known as blackheads, occur
when the follicular opening becomes dilated,
allowing the contents—comprising sebum and
keratin—to be exposed to air and oxidize, resulting
in a darkened appearance. In contrast, closed
comedones, or whiteheads, present as small, flesh-
colored or white bumps caused by a blocked
follicular opening, which remains unexposed to air
o1

Inflammatory lesions signify a more
advanced stage of acne. These lesions range from
papules, which are small, red, tender bumps, to
pustules, which contain a visible central collection
of pus due to immune cell accumulation. Nodules
represent deeper, painful solid lesions that form
when inflammation extends into the dermis. Cysts,
the most severe form of acne, are deep, pus-filled
lesions that can cause significant discomfort and
are highly prone to scarring.
Severity Grading

The severity of acne wvulgaris varies
among individuals and is graded based on the type,
number, and extent of lesions. Mild acne is

characterized by predominantly non-inflammatory
lesions such as comedones with occasional papules
and pustules. These cases are often limited to a
smaller area, with minimal risk of scarring, and
respond well to topical treatments. Moderate acne
involves a combination of non-inflammatory and
inflammatory lesions, distributed more widely
across affected areas. This stage may require a
combination of topical and systemic therapies, as it
poses a moderate risk of scarring if left untreated.
Severe acne, on the other hand, is marked by
widespread  inflammatory  lesions, including
nodules and cysts. These cases frequently result in
scarring and can have profound psychosocial
consequences, necessitating aggressive
interventions such as oral isotretinoin ™%,
Common Sites of Involvement

Acne vulgaris typically affects areas of the
body rich in sebaceous glands. The face is the most
common site, involving the forehead, cheeks, nose,
and chin. Facial acne often has the greatest
psychological impact on adolescents due to its
visibility. The chest is another common site,
particularly in moderate to severe cases, often
exacerbated by tight clothing or excessive
sweating. The back, frequently referred to as
“bacne,” is also a common area of involvement,
particularly in individuals with more severe
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presentations. This site often presents challenges in
treatment due to difficulty in applying topical
medications. Additionally, the shoulders and upper
arms may be affected, with lesions comprising both
comedones and inflammatory types .

Diagnosis of Acne Vulgaris in Adolescents

The diagnosis of acne vulgaris is primarily
clinical and relies on a thorough examination of the
skin, combined with a detailed patient history. This
straightforward  approach  allows healthcare
providers to identify the characteristic lesions and
differentiate acne from other dermatological
conditions with similar presentations 2,

Clinical Examination and History

A comprehensive clinical examination is
the cornerstone of diagnosing acne vulgaris. The
evaluation typically involves inspecting areas prone
to acne, such as the face, chest, back, shoulders,
and upper arms. Key features include the presence
of non-inflammatory lesions, such as open and
closed comedones, and inflammatory lesions,
including papules, pustules, nodules, and cysts. The
distribution and severity of these lesions help
establish the diagnosis and guide the grading of
acne severity 1%,

Patient history is equally important in
making an accurate diagnosis. Healthcare providers
often inquire about the onset and duration of acne,
associated symptoms such as pain or itching, and
potential triggers, including hormonal changes,
stress, or dietary habits. A history of medications,
cosmetics, or skincare products is essential to rule
out drug-induced or cosmetic acne. Additionally, a
family history of ache may provide insights into
genetic predispositions and inform the likelihood of
severe or persistent forms of the condition ™.
Differential Diagnoses

1. Rosacea: Unlike acne, rosacea
predominantly ~ affects  middle-aged
individuals and is characterized by
persistent facial redness, telangiectasia,
and inflammatory papules  without
comedones. Rosacea may also include
ocular symptoms such as dry or irritated
eyes.

2. Folliculitis:  This condition involves
inflammation or infection of hair follicles,
leading to pustules and papules that can
resemble acne. However, folliculitis
typically lacks comedones and is often
associated with itching or pain.

3. Perioral Dermatitis: A condition seen
mainly around the mouth, chin, and
nasolabial folds, perioral dermatitis
presents with small, red papules and
pustules. It is often triggered by topical
steroids or certain cosmetic products.

4. Keratosis Pilaris: This presents as rough,
small, skin-colored or red bumps, usually
on the arms and thighs. It is not
inflammatory and lacks pustules, nodules,
or cysts.

5. Hidradenitis Suppurativa: A chronic
inflammatory condition affecting
intertriginous areas such as the armpits
and groin. It is characterized by painful
nodules, abscesses, and sinus tracts but
lacks the comedones typical of acne.

6. Associations: Certain endocrine disorders,
such as polycystic ovary syndrome
(PCOS), may present with acne-like
lesions along with other features like
hirsutism and menstrual irregularities.
These cases require a broader diagnostic

While the clinical presentation of ache workup.
vulgaris is often distinctive, certain dermatological Management approaches for acne vulgaris
conditions can mimic its appearance, necessitating (Table 2).
careful  differentiation. Common differential
diagnoses include *!;
Table (2) Management approaches for acne vulgaris 4
Category Therapy Mechanism of Action Indications Advantages Considerations
Mild to Highly effective in I
. . ; May cause initial
Normalize follicular moderate reducing non- . .7 .
. o . . irritation, redness, and
Topical L epithelial ~ desquamation acne, inflammatory A
. Retinoids . . photosensitivity;
Therapies and reduce comedone especially lesions and
: . adherence to regular
formation. comedonal preventing new X .
use is essential.
acne. ones.
Benzoyl Antimicrobial action  Mild to Reduces bacterial Can cause dryness,
Peroxide against Cutibacterium moderate resistance; available peeling, and bleaching
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acnes; reduces acne, often  over-the-counter; of clothing or bedding.
inflammation. combined with  affordable.
other
therapies.
Effective in
Mild to irr?:‘jll;?rlwrr]r?ator Risk  of  bacterial
Topical Inhibit bacterial growth moderate -ammatory resistance; not
L : ; . lesions; often
Antibiotics and reduce inflammation.  inflammatory - : recommended as
combined with
acne. . monotherapy.
benzoyl peroxide or
retinoids.
. . Moderate  to Risk of resistance;
Reduce Cutibacterium  severe . L
. — ; Quick reduction in should be wused for
Systemic Oral acnes colonization and inflammatory . | . d limited durati q
Therapies Antibiotics modulate  inflammatory acne; mf_ammatlon an Imite uration —an
) lesion count. combined with topical
response. widespread .
. therapies.
involvement.
Acne in
females,
Regulate androgen es_peC|aIIy Addresses hormonal Requwes_ monltorlng
- 2 with hormonal ] . for side effects;
Hormonal activity, reducing . root cause; effective Lo .
fluctuations or . contraindicated in
Treatments sebaceous gland | - for persistent acne . individual
stimulation polycystic in females certain individuals
' ovary ' (e.g., smokers over 35).
syndrome
(PCOS).
Reduces sebaceous gland  Severe, Highly  effective, Significant side ef_fe_cts
. . . (e.0., teratogenicity,
- size and sebum nodulocystic,  often leading to
Isotretinoin _— . dryness, mood
production;  normalizes or refractory long-term ) :
. L L changes); requires
follicular keratinization. acne. remission. —
close monitoring.
Reduces inflammation, Moderate to ;IJ?;' l;?g/aswe; for Expensive; requires
Adjunct targets sebaceous glands, severe acne or . .°. multiple sessions;
. Laser Therapy . individuals who
Therapies and decreases bacterial post-acne results vary among
o ; cannot tolerate ...
colonization. scarring. - individuals.
medications.
. . Mild to . . Risk of skin irritation,
Exfoliate  skin, reduce Non-invasive;
. moderate acne . - redness, and
Chemical Peels comedones, and improve and for 'MProves skin t_one photosensitivity;  not
post-acne ; . and reduces minor . ! .
hyperpigmentation improving scarring suitable for all skin
’ skin texture. ' types.
Patients  with
Potentially reduces acne Simple lifestyle . . -
. i ) L Evidence is mixed;
. inflammation and exacerbated change; minimal .
Dietary . . ) results may take time
o regulates sebaceous by high- side effects; may
Modifications L : L and vary  among
activity by addressing glycemic diets complement individuals
dietary triggers. or dairy medical therapies. '
intake.
Patients
Includes probiotics, light unresponsive Promising future . .
to - Largely experimental;
. therapy, and new . potential for safer .. o
Emerging Novel lecul ) conventional d limited availability;
Therapies Approaches molecular agents targeting therapies  or an . more high cost may be a
specific inflammatory - personalized .
seeking . barrier.
pathways. ; . treatment options.
innovative
options.
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Innovations in Treatment Options

The limitations of current acne treatments,
such as antibiotic resistance, systemic side effects,
and variability in patient response, have spurred the
exploration of novel therapeutic strategies. One
area of innovation is the use of biologics—targeted
therapies that modulate specific  immune
components. Biologics, already transformative in
managing other inflammatory conditions like
psoriasis, are being studied for their potential in
severe acne cases.

Another exciting development is the
advancement of light-based and laser therapies.
Blue light therapy, for instance, targets
Cutibacterium acnes by activating porphyrins
within the bacteria, leading to their destruction.
Combined light and heat devices, as well as
fractional lasers, are also being refined to reduce
inflammation, sebaceous gland activity, and post-
acne scarring with minimal downtime.

Nanotechnology is revolutionizing drug
delivery systems in dermatology, including acne
treatment. Nanoparticles allow for precise targeting
of active ingredients, improving efficacy while
reducing systemic absorption and side effects. For
example, nanoparticle formulations of retinoids and
benzoyl peroxide are under investigation to
enhance patient tolerance and treatment adherence.

The role of probiotics in acne management
is another emerging area of interest. By modulating
the skin microbiome and systemic immune
responses, probiotics aim to restore balance and
reduce inflammation. Research into oral and topical
probiotic formulations is ongoing, offering a
potential adjunct to conventional therapies.

Gene therapy represents a futuristic but
exciting prospect for acne treatment. By directly
modifying genetic components involved in sebum
production, keratinization, or inflammation, gene-
editing technologies such as CRISPR could provide
long-term solutions for individuals with severe or
treatment-resistant acne.

Psychosocial Impact of Acne Vulgaris in
Adolescents

Acne vulgaris, beyond its physical
manifestations, has a profound impact on the
psychological and social well-being of adolescents.
This developmental stage is marked by heightened
self-awareness and sensitivity to appearance,
making acne a particularly distressing condition.
Adolescents with acne often report feelings of
embarrassment, shame, and frustration, which can

escalate into more serious mental health concerns if
left unaddressed (1,
Impact on Mental Health, Self-Esteem, and
Social Interactions

The psychological effects of acne are
well-documented, with studies showing a strong
association between acne severity and mental
health issues such as anxiety, depression, and low
self-esteem. Adolescents with moderate to severe
acne may feel stigmatized due to the visibility of
their condition, leading to a diminished sense of
self-worth. These feelings are often exacerbated by
societal beauty standards and the influence of
social media, which can amplify insecurities ™.

The impact on social interactions is
equally significant. Many adolescents with acne
report avoiding social situations, fearing judgment
or ridicule. This withdrawal can disrupt
friendships, romantic relationships, and school
participation, creating a cycle of isolation and
further  diminishing  confidence.  Academic
performance may also be indirectly affected, as
students with acne-related distress struggle to focus
or participate actively in school activities ™.

Role of Support Systems and Counseling

The presence of a supportive network,
including family, friends, and healthcare providers,
can make a considerable difference in how
adolescents cope with acne. Open communication
and reassurance from trusted individuals can help
mitigate the emotional burden and encourage
treatment adherence.

Counselling and mental health
interventions play a vital role, particularly for those
experiencing significant psychological distress.
Cognitive-behavioral therapy (CBT), for instance,
has been shown to improve coping mechanisms
and reduce feelings of shame or anxiety associated
with acne. Educational initiatives aimed at
normalizing acne as a common and treatable
condition can also foster resilience and a positive
self-image among affected adolescents.

Prevention Strategies for Acne Vulgaris

While acne wvulgaris cannot always be
entirely  prevented, certain  strategies can
significantly reduce its frequency and severity.
Prevention efforts focus on maintaining a healthy
skincare routine, adopting lifestyle modifications,
and addressing potential dietary triggers *%.
Skincare Routines

A consistent and appropriate skincare
regimen is fundamental for preventing acne flare-
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ups. Gentle cleansing twice daily with a non-
comedogenic, sulfate-free cleanser helps remove
excess oil, dirt, and bacteria without irritating the
skin. Over-cleansing or the use of harsh scrubs
should be avoided, as these can damage the skin
barrier and exacerbate inflammation.

Moisturizing with lightweight, oil-free
products keeps the skin hydrated without clogging
pores. Sunscreen is another essential component, as
sun exposure can worsen post-inflammatory
hyperpigmentation and lead to further skin damage.
Adolescents are encouraged to use broad-spectrum
sunscreens labelled as non-comedogenic to avoid
contributing to pore blockage © *°!.

Proper makeup hygiene is also crucial.
Using non-comedogenic, water-based cosmetics
and removing makeup before bed can minimize the
risk of clogged pores. Regular cleaning of makeup
brushes and avoiding shared use of cosmetic tools
further helps prevent contamination.

Lifestyle and Dietary Recommendations

Lifestyle factors play a significant role in
acne prevention. Stress management techniques,
such as mindfulness, exercise, and adequate sleep,
can help regulate hormonal fluctuations that
contribute to acne. Adolescents are advised to
avoid habits like picking or squeezing pimples, as
these behaviors can lead to scarring and secondary
infections (%°1,

Dietary changes may also be beneficial for
some individuals. Emerging evidence suggests that
a low-glycemic diet, rich in fruits, vegetables,
whole grains, and lean proteins, may reduce the
risk of acne flare-ups by modulating insulin levels
and inflammatory pathways. Limiting the
consumption of dairy products, particularly skim
milk, has also shown promise in reducing acne
severity in certain individuals, though more
research is needed to confirm this association 24,

By combining an effective skincare
routine with mindful lifestyle and dietary practices,
adolescents can take proactive steps to reduce the
impact of acne on their skin and overall well-being.
These strategies, when paired with medical
treatments as needed, provide a comprehensive
approach to managing acne vulgaris.

Future  Directions in  Acne  Vulgaris
Management

The understanding and treatment of acne
vulgaris  continue to evolve, driven by
advancements in research and technology. These
developments aim to improve patient outcomes by

addressing gaps in current therapies, enhancing
treatment efficacy, and minimizing side effects.
Future directions in ache management focus on
deepening insights into acne pathogenesis and
exploring innovative therapeutic options.
Advances in Understanding Acne Pathogenesis

Emerging research has shed light on the
complex interplay of factors contributing to acne
vulgaris, offering new perspectives on its
pathophysiology. One area of interest is the role of
the skin microbiome, which includes a diverse
community of microorganisms that influence skin
health. While Cutibacterium acnes has long been
implicated in acne development, recent studies
suggest that specific strains of this bacterium may
have varying effects, with some being pro-
inflammatory and others protective. Understanding
these nuances could pave the way for targeted
microbiome-based therapies .

Another promising avenue of research
involves the role of neuroimmunology in acne
pathogenesis. Stress-induced neuropeptides and
their interactions with immune pathways are
believed to exacerbate inflammation and sebum
production, linking emotional and physiological
factors. By unravelling these mechanisms,
researchers hope to develop interventions that
mitigate stress-related acne exacerbations.

Advancements in molecular biology have
also identified key signalling pathways, such as
those involving toll-like receptors (TLRs),
inflammatory cytokines, and androgen receptors, as
critical drivers of acne. These insights have the
potential to inform the development of novel drugs
that specifically modulate these pathways, offering
more precise and personalized treatment options.
Conclusion

Acne vulgaris in adolescents presents with
diverse clinical manifestations, ranging from non-
inflammatory comedones to severe nodulocystic
lesions. Management requires a multifaceted
approach, including tailored topical and systemic
therapies, lifestyle modifications, and
psychological support. Advances in understanding
acne pathogenesis, particularly the role of the skin
microbiome and inflammatory pathways, have
opened avenues for innovative treatments,
including biologics, light-based therapies, and
nanotechnology-driven drug delivery systems. A
holistic and personalized approach is essential to
optimize outcomes, minimize scarring, and address
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the psychosocial impact of acne vulgaris in this

vulnerable population.
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