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Abstract

Background: Acne vulgaris is a chronic inflammatory disease of the pilosebaceous unit
involving sebum overproduction, follicular hyperkeratinization, Cutibacterium acnes
colonization, and immune dysregulation. Zinc may reduce sebum, exert antibacterial and anti-

inflammatory effects, and support wound healing.

Aim of the study: This review summarizes evidence on zinc in acne vulgaris, including its
mechanisms, clinical effectiveness, safety, biomarker potential, effects on antibiotic resistance,

scar healing and sebum production, and treatment costs.

Methods: PubMed was searched up to 2026. Clinical trials, meta-analyses, and mechanistic

studies evaluating oral and topical zinc in acne were reviewed, with emphasis on serum zinc
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levels, efficacy versus standard therapies, safety, antibiotic resistance, scarring, sebum and

androgen modulation, zinc transporter genetics, and costs.

Results: Patients with acne often have lower serum zinc levels than healthy controls,
particularly in severe disease, suggesting potential as a biomarker. Oral zinc modestly reduces
inflammatory lesions but is less effective than tetracyclines and isotretinoin; topical zinc mainly
provides adjunctive benefit. Both forms have favorable safety profiles. Zinc does not induce C.
acnes antibiotic resistance and may reduce antibiotic use. It may support scar healing and
decrease sebum partly through Sa-reductase inhibition. Evidence on zinc transporter genetics

remains limited. Zinc is generally inexpensive, but robust cost-effectiveness data are lacking.

Conclusions: Zinc is a safe, accessible adjunctive option for acne vulgaris, particularly
inflammatory lesions, but is less effective than established first-line therapies. Further

standardized trials are needed to define optimal dosing, formulations, and patient selection.

Keywords: acne; acne vulgaris; zinc supplementation; zinc; zinc deficiency; topical treatment;

retinoids; sebum production; acne scars management

1. Introduction

Acne vulgaris is one of the most prevalent dermatological disorders worldwide, affecting up to
85% of adolescents and a considerable proportion of adults. It is a chronic inflammatory disease
of the pilosebaceous unit driven by several interrelated mechanisms, including increased sebum
production, follicular hyperkeratinization, colonization by Cutibacterium acnes, and an
exaggerated inflammatory response. These processes result in the formation of comedones,

papules, pustules, and in more severe cases, nodules and scarring.[1][2][15][16]

Zinc has drawn growing attention as a potential adjunctive therapy in acne management. It is
an essential trace element involved in numerous biological functions such as immune
modulation, antioxidant defense, and wound healing. Experimental and clinical evidence
indicates that zinc may decrease sebum production, inhibit C. acnes growth, reduce
inflammatory cytokine levels (e.g., IL-1B, IL-17A), and support skin repair and scar
remodeling. Moreover, zinc is relatively safe, inexpensive, and widely available in both oral

and topical formulations.[3][4][9]



Despite these promising properties, the role of zinc in acne therapy remains incompletely
defined. Clinical studies vary in design, dosing, and zinc formulations, producing inconsistent
results regarding its efficacy compared to standard treatments such as antibiotics, retinoids, and
chemical peels. Furthermore, there is growing interest in its influence on antibiotic resistance,
genetics of zinc transporters, and potential as a biochemical marker of disease
severity.[5][7][25][26][27]

Given the multifactorial nature of acne vulgaris and the limitations of current therapies, it is
essential to clarify the contribution of zinc as both a therapeutic and biological factor. This
review aims to synthesize the available evidence regarding zinc’s mechanisms of action,
clinical effectiveness, safety profile, and emerging roles in modern acne
management.[11][13][27][30]

2. Research materials and methods

This article is structured as a narrative review of the current literature on zinc in acne vulgaris.
The review integrates data from clinical trials, systematic reviews and meta-analyses,
observational studies, and mechanistic research addressing zinc’s role in acne pathophysiology,

treatment, safety, genetics, and economics.

Eligible studies included human research on patients with acne vulgaris evaluating oral or
topical zinc preparations, analyses of serum or tissue zinc concentrations in acne, trials
comparing zinc with standard therapies, and studies on zinc-related mechanisms such as sebum
modulation, inflammatory pathways, C. acnes resistance, wound healing, and genetic
determinants of zinc transport. Publications focusing on costs and health-economic aspects of

zinc versus antibiotics and retinoids were also considered when available.

3. Literature Review

3.1 The pathophysiology of acne and potential targets for zinc

The classic pillars of acne pathogenesis are: sebum overproduction driven by androgenic
stimulation of sebaceous glands, hyperkeratinization of follicular outlets leading to
microcomedone formation, Cutibacterium acnes colonization of the follicle, and chronic

inflammation involving both innate and adaptive immune responses.[1,15].

These mechanisms interact to produce the clinical spectrum of acne lesions, from comedones

to inflammatory papules and nodules.[2][16]
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Zinc is of interest as an adjunctive therapy, because theoretically it modulates several of these
pathogenic pathways. Zinc can decrease sebum production, exert antibacterial effects against
C. acnes, attenuate inflammatory responses, including the reduction of pro-inflammatory
cytokines such as IL-1p and IL-17A. Additionally, zinc may promote wound healing and skin
repair.[3][4][9]

Clinical studies have shown that oral and topical zinc formulations can reduce lesion counts
and inflammation, though efficacy varies by dose and formulation.[4][9]

The multifaceted actions of zinc on sebum, bacterial growth, inflammation, healing provide a

mechanistic rationale for its adjunctive use in acne management.[3][4][9]

3.2 Zinc concentrations in patients with acne vulgaris

Zinc concentrations in patients with acne vulgaris are generally lower than in healthy controls.
Meta-analytic data confirm a statistically significant reduction in mean serum zinc levels among
acne patients compared to controls, although the absolute difference is modest and may not

reach statistical significance in all individual studies.[5][7][26]

For example, one study found mean serum zinc levels of 81.31 +17.63 pg/dL in acne patients
versus 82.63 + 17.49 pg/dL in controls, with no significant difference overall, but a trend toward

lower zinc in more severe cases.[5]
The reduction in serum zinc is most pronounced in males with severe acne.[26]

These findings support the use of serum zinc as a potential biochemical marker in acne vulgaris,

with lower levels correlating with increased disease severity.[5][7][26][27]

3.3 Oral zinc treatment - effectiveness

Oral zinc treatment is modestly effective in patients with acne vulgaris, particularly for reducing
inflammatory lesion counts, but is less effective than oral antibiotics such as minocycline. A
systematic review and meta-analysis found that oral zinc preparations, including zinc sulfate
and zinc gluconate, significantly decrease the number of inflammatory papules compared to

placebo, with no significant increase in adverse effects [7].

In a multicenter randomized controlled trial, zinc gluconate (30 mg elemental zinc daily)
achieved a clinical success rate of 31.2% (defined as >2/3 reduction in inflammatory lesions)
after 3 months, compared to 63.4% for minocycline (100 mg daily), confirming that zinc is

effective but inferior to oral antibiotics for inflammatory acne.[8]



Network meta-analysis data indicate, that oral zinc is not among the most effective oral
pharmacological treatments for moderate to severe acne, oral tetracyclines and oral isotretinoin

showing superior efficacy.[9]

However, oral zinc may be considered as an adjunct or alternative in patients who cannot
tolerate antibiotics or have contraindications. In summary, oral zinc is effective for reducing
inflammatory lesions in acne vulgaris, but efficacy is lower than that of oral antibiotics and
other first-line pharmacological treatments.[7][8][9]

3.4 The comparative effectiveness, safety, and tolerability of zinc (oral and topical) versus

other established acne treatments

Table 1.

Treatment Efficacy Safety Tolerability Key

Modality References

Oral Zinc Modest efficacy | Generally safe; | Well tolerated; | [7][8][9]
for mild Gl side | low dropout
inflammatory effects. rates.

lesions; inferior
to oral
antibiotics.

Topical Zinc Modest efficacy; | Safe;  minimal | Well tolerated. | [7][10][11]
mainly adverse effects.

adjunctive, not

first-line.
Topical High efficacy for | Dryness, Moderate [12][13][14]
Pharmacological | mild to moderate | irritation, rare | tolerability;
Combinations acne. allergic reactions. | irritation  may
(Retinoids + limit use.
Benzoyl
Peroxide)
Oral Antibiotics | Moderate to high | Gastrointestinal | Moderate [12][15][16]
efficacy, for | upset, tolerability;
inflammatory photosensitivity, | some
acne. resistance risk. discontinuation
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due to side

effects.
Oral Isotretinoin | Highest efficacy | Mucocutaneous, | Lower [12][13][17]
for musculoskeletal, | tolerability;

severe/refractory | ophthalmic side | frequent minor

acne. effects; side effects, rare
teratogenicity. serious events.
Chemical Peels | Effective for | Safe side effects | Good [12,][18][19]
mild to moderate | depend on | tolerability;

acne; tailored by | acid/concentratio | individualized.

acid type. n.
Phototherapy Variable Generally  safe; | Tolerability [12][20]
efficacy; some | rare varies; evidence

benefit in mild to | blistering/scarrin | quality low.

moderate acne. | g.

Oral zinc (typically zinc sulfate 600 mg/day or zinc gluconate 200 mg/day) demonstrates
modest efficacy in reducing inflammatory lesions, but is consistently less effective than oral

antibiotics such as minocycline.[7][8][9]

Safety is favorable, with mild gastrointestinal symptoms as the most common adverse effect

and low rates of treatment discontinuation.[7][8]

Topical zinc preparations show modest benefit, mainly as adjuncts, and are not recommended
as first-line monotherapy; they are safe and well tolerated, with minimal adverse
effects.[8][10][11]

Topical pharmacological combinations (retinoids plus benzoyl peroxide) are the most
effective first-line treatments for mild-to-moderate acne, achieving substantial reductions in

both inflammatory and noninflammatory lesions.[12][13]

These combinations are associated with local irritation and dryness, which may limit tolerability

in some patients.[13][14]

Oral antibiotics (primarily tetracyclines) are highly effective for moderate to severe
inflammatory acne, but carry risks of gastrointestinal upset, photosensitivity, and antibiotic

resistance; tolerability is moderate, with some discontinuation due to side effects.[15][16]
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Oral isotretinoin is the most effective therapy for severe or refractory acne, targeting all
pathogenic mechanisms.[12][13][17]

However, it is associated with frequent minor side effects (dry skin, cheilitis) and rare but
serious adverse events (teratogenicity, hepatotoxicity), necessitating careful monitoring and
patient selection.[13][17]

Chemical peels (e.g., salicylic, glycolic, azelaic, pyruvic acids) are effective and safe for mild
to moderate acne, with side effects and tolerability dependent on acid type and concentration;

these can be tailored to individual patient needs.[18][19]

Phototherapy (including blue/red light and photodynamic therapy) offers variable efficacy,
with some benefit in mild-to-moderate acne, but the quality of evidence is low and long-term

safety data are limited.[20]

3.5 Results of treatment with topical zinc preparations in acne vulgaris
Topical zinc preparations in patients with acne vulgaris result in a modest reduction in
inflammatory lesion counts, primarily due to their antibacterial and anti-inflammatory

properties, and may decrease sebum production. [7][10]

The clinical evidence supporting topical zinc is of limited quality and inconsistent, witha SORT
strength of recommendation B, indicating that while topical zinc can be beneficial, it is not
considered a first-line monotherapy and should be viewed as adjunctive to standard treatments.
[10]

Novel formulations, such as hyaluronic acid-stabilized zinc oxide nanoparticles, have
demonstrated enhanced efficacy in reducing acne lesions and erythema, outperforming topical
antibiotics in preclinical and early clinical studies, with a favorable safety profile and no
significant toxicity observed.[3]

Overall, topical zinc is well tolerated, with minimal adverse effects reported, and may be
considered for patients seeking alternatives to conventional topical agents or as part of
combination therapy.[4][7][10]



3.6 Comparison with other nutraceutical approaches: nicotinamide, omega-3 fatty acids,
vitamin D, and probiotics

Comparative Mechanisms of Action

Nicotinamide (vitamin B3) is primarily anti-inflammatory and may reduce androgen synthesis,

thereby decreasing sebum output.[31][32]

Omega-3 fatty acids exert anti-inflammatory effects by modulating eicosanoid pathways and
reducing pro-inflammatory cytokines.[9]

Vitamin D modulates immune responses, suppresses pro-inflammatory cytokines, and may

restore skin barrier integrity.[9][33]

Probiotics influence the gut-skin axis, modulate systemic and local cytokine production, and

may improve insulin sensitivity and reduce lipogenesis.[9][34]
Efficacy in Clinical Trials

Nicotinamide (topical 4% gel or oral supplement) has shown significant reduction in acne
lesion counts in several studies, performing similarly to standard topical antibiotics, but the

evidence is limited and inconsistent, with a need for larger trials.[31][32]

Omega-3 fatty acids (eicosapentaenoic acid and/or docosahexaenoic acid, 2000 mg/day) and
omega-6 fatty acids (y-linoleic acid, 400 mg/day) have demonstrated significant reductions in
both inflammatory and noninflammatory lesions in small randomized trials, with improvement

in mean acne grade.[9]

Vitamin D supplementation (1000 IU/day cholecalciferol) in vitamin D-deficient patients leads
to a greater reduction in inflammatory lesions compared to placebo, but does not significantly

affect noninflammatory or total lesion counts.[9][33]

Probiotics (various strains, including Lactobacillus plantarum, L. rhamnosus, L. acidophilus,
Bifidobacterium lactis) have shown improvement in lesion counts and severity in multiple small
randomized trials, both as monotherapy and adjunctive therapy, with some studies
demonstrating statistically significant improvements in global acne severity and lesion
reduction.[9][34]



Safety Profiles
Nicotinamide is safe, with no major adverse effects reported in clinical trials.[31][32]

Omega-3 fatty acids are well tolerated, with limited adverse effects, typically mild

gastrointestinal symptoms.[9]

Vitamin D is safe at recommended doses, with no adverse events reported in clinical
trials.[9][33]

Probiotics are well tolerated, with adverse event rates similar to placebo; no serious safety

concerns have been identified.[9][34]

3.7 The role of zinc in scar healing and skin remodeling in acne vulgaris

Zinc plays a direct role in scar healing and skin remodeling during and after acne vulgaris by
modulating inflammation, promoting antioxidant activity, and supporting cellular processes
essential for tissue repair. Zinc supplementation reduces pro-inflammatory cytokines (such as
IL-1pB and IL-17A), matrix metalloproteinase-9 (MMP9), and oxidative stress markers, which
are elevated in acne lesions and contribute to tissue damage and impaired healing.[3]

Zinc also enhances glutathione peroxidase (GSH-Px) activity, supporting antioxidant defenses

and reducing lipid peroxidation, thereby protecting skin cells from further injury.[1]

Zinc is a cofactor for numerous metalloenzymes involved in cell proliferation, migration, and
extracellular matrix remodeling, all of which are critical for effective wound healing and scar

formation.[22]

Zinc deficiency impairs these processes, leading to delayed re-epithelialization and abnormal
scar formation.[22][23]

Topical zinc formulations, such as hyaluronic acid-stabilized zinc oxide nanoparticles, have
demonstrated the ability to promote cell proliferation and migration, reduce sebum secretion,
and exert anti-inflammatory effects, supporting scar-free repair and preventing recurrence of

acne lesions.[4]

Zinc transporters are essential for maintaining zinc homeostasis within the skin, and their proper

function is necessary for optimal wound healing and remodeling.[24]

Overall, zinc supplementation and topical application can improve the quality of post-acne
healing by attenuating inflammation, enhancing antioxidant capacity, and facilitating the

cellular events required for scar resolution and skin remodeling.[3][4][22][23][24]
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3.8 The role of zinc in C. acnes antibiotic resistance

Zinc does not induce Cutibacterium acnes antibiotic resistance and may modulate or reduce
resistance to certain antibiotics in patients with acne wvulgaris. Zinc salts possess direct
bacteriostatic activity against C. acnes and exert anti-inflammatory effects, but unlike
antibiotics, they do not select for resistant strains through genetic mutation or horizontal gene
transfer.[10]

The indiscriminate use of antibiotics in acne therapy has fueled the development of
antimicrobial resistance in C. acnes, which can be transferred to other skin flora and body sites,
complicating management. Alternatives to antibiotics, including oral zinc, are advocated to
mitigate this risk.[25]

Zinc’s antibacterial action is not associated with the development of resistance, and its use may

help preserve skin microbiome homeostasis and reduce the need for antibiotics.[10][25]

No clinical evidence suggests that zinc supplementation or topical zinc promotes antibiotic
resistance in C. acnes. Instead, zinc may be beneficial in antibiotic stewardship strategies for
acne management, especially in the context of rising resistance to tetracyclines and
macrolides.[25]

3.9 Zinc as a biochemical marker in acne vulgaris

Zinc is a potential biochemical marker in patients with acne vulgaris, as lower serum zinc levels
are frequently observed in this population compared to healthy controls, and these levels may
correlate with acne severity and lesion type. Measurement of serum zinc can provide auxiliary
information about disease activity and may help identify patients who could benefit from zinc
supplementation, especially in cases of moderate to severe acne where deficiency is more
pronounced.[5][7][26]

However, the clinical utility of zinc as a routine biomarker is limited by inconsistent findings

across studies and lack of standardized thresholds for deficiency in the context of acne.[5][27]

Zinc determination in serum or hair may serve as an adjunctive test in dermatological
assessment, but further research is needed to establish its prognostic value and guide

supplementation strategies.[27]

3.10 The effect of zinc on sebum and the androgen component of acne vulgaris
Zinc decreases sebum production, which is a key pathogenic factor in acne vulgaris, and may
modulate androgen-related mechanisms involved in sebaceous gland activity. Zinc’s effect on
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sebum is supported by clinical studies showing improvement in acne severity and lesion counts
with oral zinc supplementation, particularly at higher doses (e.g., zinc sulfate 600 mg/day),
which is associated with a reduction in inflammatory lesions and overall acne scores compared
to placebo.[7][9]

The mechanism is thought to involve inhibition of Sa-reductase, the enzyme responsible for
converting testosterone to dihydrotestosterone (DHT), thereby reducing androgen-driven
stimulation of sebaceous glands and subsequent sebum production.[10][23]

Additionally, zinc exerts anti-inflammatory and antioxidant effects, further attenuating the
androgen-mediated inflammatory cascade in acnhe pathogenesis. While the exact molecular
pathways remain incompletely defined, the preponderance of evidence indicates that zinc
supplementation can reduce sebum output and may partially counteract androgenic stimulation

of sebaceous glands, contributing to its therapeutic benefit in acne vulgaris. [3][4]

3.11 Safety profile and adverse effects of zinc use in acne vulgaris

The safety profile of zinc in the treatment of acne vulgaris is generally favorable, with most
adverse effects being mild and self-limited. For oral zinc preparations, the most commonly
reported adverse effects are gastrointestinal symptoms, including nausea, vomiting, abdominal
pain, and indigestion. These effects occur at similar rates to oral antibiotics when used for acne,
and rarely lead to treatment discontinuation. Higher doses of oral zinc (e.g., zinc sulfate 600
mg/day) are associated with increased rates of gastrointestinal complaints, but serious adverse

events are uncommon.[8,9]

No significant differences in overall side effect incidence have been observed between zinc and
comparators in meta-analyses.[7]

Topical zinc preparations are well tolerated, with minimal adverse effects reported. Occasional
mild local irritation or dryness may occur, but serious or systemic toxicity is not observed, even

with advanced formulations such as hyaluronic acid-stabilized zinc oxide nanoparticles.[4]

No significant safety concerns have been identified in clinical trials of topical zinc for
acne.[4][7]

There are no reports of severe or long-term toxicity associated with either oral or topical zinc
in the context of acne treatment in the current medical literature. Zinc is considered a safe

adjunct or alternative, especially for patients who cannot tolerate standard therapies.[4][7][9]
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3.12 Genetics and zinc pathways in acne vulgaris

Genetic factors influence zinc metabolic pathways in the pathogenesis and treatment of acne
vulgaris primarily through the regulation of zinc transporter proteins, which are essential for
maintaining zinc homeostasis in the skin. Mutations or dysregulation in genes encoding zinc
transporters (such as the SLC39A/ZIP and ZnT families) can impair zinc uptake, distribution,
and cellular availability, leading to local or systemic zinc deficiency and increased
susceptibility to inflammatory skin disorders, including acne vulgaris. For example,
acrodermatitis enteropathica is caused by mutations in ZIP4, resulting in severe zinc deficiency
and characteristic skin lesions.[24][28][29]

Zinc transporters are critical for epidermal and dermal function, modulating processes such as
keratinocyte proliferation, immune response and wound healing. Genetic variation in these
transporters may affect individual responses to zinc supplementation and the efficacy of zinc-
based therapies in acne.[24][28]

Zinc deficiency, whether genetically determined or acquired, exacerbates inflammation and
oxidative stress in acne lesions, restoration of zinc levels - either through oral or topical

supplementation, can mitigate these effects and improve clinical outcomes.[3][7][23]

Current evidence supports the role of zinc as both a therapeutic agent and a marker of disease
severity in acne, but the impact of specific genetic variants on zinc metabolism and treatment
response remains incompletely characterized. Further research is needed to clarify how genetic
differences in zinc transporter function influence acne pathogenesis and the effectiveness of
zinc interventions.[24][28][29]

3.13 The costs of treatment with zinc preparations vs. antibiotics/retinoids in acne vulgaris
Data on the costs of treatment with zinc preparations compared to antibiotics and retinoids for
patients with acne vulgaris are limited, but available literature consistently indicates that zinc
preparations (both oral and topical) are substantially less expensive than oral antibiotics and
topical retinoids. Zinc is described as a low-cost alternative for acne management, with minimal

systemic side effects, making it attractive for patients seeking affordable options.[11]

In contrast, oral antibiotics (such as tetracyclines and minocycline) and topical retinoids (such
as tretinoin, adapalene, and tazarotene) are prescription medications that generally incur higher
direct costs, especially in the United States, and may also be associated with additional costs

related to monitoring and management of adverse effects.[13][30]
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Cost-effectiveness analyses from the National Health Service in England show that topical
treatment combinations and oral antibiotics are among the most cost-effective options for mild-
to-moderate and moderate-to-severe acne, but do not specifically include zinc preparations in

their models, reflecting a lack of robust cost-effectiveness data for zinc.[30]

The American Academy of Dermatology guidelines recommend topical retinoids and oral
antibiotics as first-line therapies, but do not address zinc due to limited high-quality
comparative data.[13]

In summary, zinc preparations are less costly than antibiotics and retinoids, but there is a lack
of high-quality, direct comparative cost-effectiveness data in the medical literature. Zinc may
be considered when cost is a major concern, but its efficacy is generally lower than that of
standard first-line therapies.[11][13][30]

3.14 Limitations of available studies and knowledge gaps on zinc treatment in acne
vulgaris

The limitations of available studies and the current knowledge gaps regarding the use of zinc
as a treatment for acne vulgaris include inconsistent study quality, heterogeneity in dosing and
formulations, lack of standardized outcome measures, and insufficient understanding of zinc’s

mechanisms of action in acne.[7][9][10][21]

Most clinical trials evaluating zinc for acne are small, short-term, and of poor or fair
methodological quality, with only a minority meeting high standards for randomization,
blinding, and risk of bias assessment.There is substantial variability in the type (sulfate,
gluconate, oxide), dose (ranging from 200 mg to 600 mg daily), and route (oral vs topical) of
zinc used, making direct comparisons and meta-analyses challenging.[9][10][21]

Outcome measures are not standardized, with studies reporting different endpoints (e.g., lesion

counts, severity scores, subjective improvement), further limiting comparability.[9][21]

The precise mechanisms by which zinc exerts anti-acne effects, whether through sebum
reduction, anti-inflammatory activity, or antibacterial action, remain incompletely
elucidated.[3][7][9][10]

There is a lack of long-term safety data and insufficient evidence regarding optimal dosing,

duration, and patient selection for zinc therapy.[9][10][21]
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Few studies directly compare zinc to established first-line treatments, and there is limited data
on its efficacy in combination regimens or in specific subpopulations (e.g., severe acne,

antibiotic-resistant cases).[8][9]

Overall, further large, well-designed randomized controlled trials with standardized protocols

and mechanistic studies are needed to clarify the role of zinc in acne management.[9][10][21]

4. Discussion

4.1 Effectiveness vs. Standard Treatment

Hierarchy of Effectiveness

Zinc occupies an intermediate position in acne therapeutics, showing efficacy superior to
placebo but generally not surpassing first-line treatments. When oral zinc sulfate (600 mg/d)
was compared to oxytetracycline, lesion reduction was comparable (58.2% vs 63.3%, P > .05),

suggesting high-dose zinc may approach antibiotic efficacy without achieving superiority.[9]

For topical formulations, zinc combined with antibiotics demonstrated advantages over
antibiotics alone, with zinc acetate contributing significantly to erythromycin/zinc
antimicrobial action. However, topical zinc/clindamycin showed no significant difference

versus clindamycin monotherapy in lesion reduction (P = 0.769).[17]

A systematic review revealed only slightly more than half of studies demonstrated zinc
effectiveness, underscoring its variable performance compared to more consistently effective

standard treatments.[9]
Dosing Issues

Zinc efficacy exhibits a clear dose-response relationship with significant formulation-
dependent variability. Lower doses of zinc sulfate (440 mg/d) failed to demonstrate superiority
over placebo (47.1% vs 38.9%, P > .05), while higher doses (600 mg/d) showed significant
improvements in lesion counts (P = .03) and acne scores (P =.01). Zinc gluconate at 200 mg/d
demonstrated robust efficacy with clinician-reported improvement in 75% versus 23.5% with
placebo (P < .001). Interestingly, loading dose strategies (400 mg/d for 3 weeks) proved no
more effective than conventional 200 mg/d dosing (P = .74). The critical challenge is that

effective doses often exceed recommended daily allowances many-fold, substantially
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increasing gastrointestinal adverse effects including nausea, vomiting, and abdominal pain at

rates similar to antibiotic comparators.[9]
Zinc vs. Isotretinoin

Direct comparative trials between zinc and isotretinoin are notably absent from the literature.
While isotretinoin remains the gold standard for severe acne with robust evidence and

standardized protocols, zinc lacks comparable data for severe disease. [9]

Isotretinoin achieves profound remission through sebum suppression and follicular
normalization, whereas zinc demonstrates more modest effects primarily on inflammatory

lesions.[7]

Safety profiles differ markedly-isotretinoin carries risks of teratogenicity, neuropsychiatric
effects, and mucocutaneous adverse effects requiring strict monitoring, while zinc's adverse

effects are predominantly gastrointestinal without systemic toxicity concerns. [9][11]

This positions zinc as a potential alternative for patients with isotretinoin contraindications, but
not as an equivalent substitute for severe disease where isotretinoin's superior efficacy remains

preferable.[9]

4.2 Zinc as a ""Weapon™ in the Fight Against Antibiotic Resistance

Alternative to Antibiotics

Zinc represents a viable non-antibiotic alternative for acne in the context of rising antimicrobial
resistance. Oral zinc and retinoids can help reduce dependence on antibiotics and prevent

resistance development. [35]

When compared directly to oxytetracycline, high-dose zinc sulfate (600 mg/d) achieved
comparable lesion reduction (58.2% vs 63.3%, P > .05), demonstrating that zinc can approach

antibiotic efficacy without contributing to resistance.[9].

Recent reviews advocate for a gradual shift from antibiotics to alternatives including oral zinc,
particularly given that antibiotic efficacy in acne is attributed primarily to anti-inflammatory
action rather than antimicrobial action.[25]

Synergy

Zinc demonstrates synergistic effects when combined with antibiotics, potentially mitigating

resistance development. The combination of zinc with antibiotics is more advantageous than
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antibiotics alone, with zinc acetate contributing significantly to erythromycin/zinc
antimicrobial action. [36]

In vitro, zinc salts reduced Propionibacterium acnes resistance to erythromycin, and at

concentrations of 300 pg/ml, zinc prevented growth of erythromycin-resistant cells entirely.
[37-38]

In vivo, zinc gluconate (30 mg/d) reduced inflammatory lesions regardless of whether
erythromycin-resistant P. acnes was present, suggesting zinc maintains efficacy even in

resistant populations.[37]

The combination of erythromycin and zinc inhibits both sensitive and resistant strains, making
systemic zinc combined with topical erythromycin attractive given increasing erythromycin
resistance. [37-38]

4.3 Genetics and Personalization: Zinc Transporters (ZIP/ZnT)
Zinc homeostasis in the skin is rigorously controlled by two transporter families: SLC39/ZIP
(importers) and SLC30/ZnT (exporters), which regulate intracellular zinc levels critical for

keratinocyte function.[39]

The skin contains the third highest zinc abundance in the body, with epidermal concentrations
exceeding dermal levels due to the zinc requirement for active keratinocyte proliferation and
differentiation.[40]

Several ZIP transporters demonstrate tissue-specific expression patterns relevant to acne
pathophysiology: ZIP2 is specifically expressed in differentiating keratinocytes and is essential
for normal epidermal formation-knockdown decreases intracellular zinc and inhibits

keratinocyte differentiation. [39]

ZIP4, mutated in acrodermatitis enteropathica, regulates epidermal homeostasis through zinc-
dependent ANp63 transcriptional activity, and its knockdown dysregulates differentiation with

proliferating keratinocytes appearing in uppermost skin layers.[41]

ZIP10 is expressed in the interfollicular epidermis, epidermal appendages, and hair follicles,
where it epigenetically regulates epidermal homeostasis by modulating histone
acetyltransferase (HAT) activity-ZIP10 depletion causes epidermal malformations that are

restored by zinc supplementation.[42-43]
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Despite this mechanistic understanding, no zinc transporter polymorphisms have been directly
associated with acne susceptibility in genome-wide association studies. Large GWAS meta-
analyses identifying 46-50 acne risk loci have implicated pathways involving hair follicle
structure, Wnt/MAPK signaling, lipid biosynthesis (FADS2, FASN), and inflammatory
responses (TNF, IL families), but not zinc transport genes. [43-44]

Candidate gene studies have similarly focused on TNF, CYP17A1, and FST variants rather than
ZIP/ZnT polymorphisms.[45]

4.4 Healing and Aesthetics (Post-Acne Scarring):

Role in skin remodeling

Zinc participates in all phases of cutaneous wound healing and scar remodeling through its
function as a cofactor in numerous transcription factors and zinc-dependent matrix
metalloproteinases (MMPs) that augment autodebridement and keratinocyte migration during
wound repair. [46] In the proliferative phase, zinc is required for DNA and protein synthesis,

cell division, collagen synthesis, and granulation tissue generation. [47]

A randomized double-blind trial demonstrated that topical zinc treatment enhances MMP-1
expression beneath the neoepidermis via paracrine mechanisms, promoting keratinocyte
migration essential for re-epithelialization, while also upregulating metallothionein expression

that may contribute to anti-inflammatory activities. [48]

The relationship between zinc and MMPs is particularly relevant to scar formation. MMPs are
zinc-dependent endopeptidases that can degrade essentially all extracellular matrix
components, and disturbance in the balance between ECM production and degradation leads to
either chronic ulcers (excessive degradation) or hypertrophic scars and keloids (excessive ECM

accumulation). [49]

Zinc confers resistance to epithelial apoptosis through cytoprotection against reactive oxygen
species and bacterial toxins, possibly through antioxidant activity of cysteine-rich

metallothioneins. [46]

Additionally, mast cells release zinc through the ZnT2 transporter, activating the GPR39/IL-6
signaling axis to promote wound healing-mice lacking IL-6 or GPR39 demonstrate impaired

wound healing. [50]
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Innovations

Emerging nanotechnology platforms are advancing zinc delivery for acne-related skin repair.
Hyaluronic acid-stabilized zinc oxide nanoparticles (HA-ZnO) demonstrate selective
antibacterial activity against C. acnes with killing efficacy more than 16 times greater than
against commensal S. epidermidis. The sustained release of Zn?* promotes cell proliferation and
migration, reduces sebum secretion, and exerts anti-inflammatory effects supporting "scar-free
acne repair.” Clinical trials confirm efficacy in reducing acne lesions with high safety profiles.
[4]

Microneedle-based delivery systems represent another innovation. Dissolving microneedles
containing ZnO nanoparticles dispersed in ionic liquids demonstrate synergistic antibacterial
properties and accelerate wound healing when applied to infected wounds.[51] Microneedle
technology penetrates the stratum corneum minimally to form temporary micro-channels,
enabling efficient delivery of nanoparticles and photosensitizers, with applications in acne and
scar treatment. [52-53]

Hyaluronic acid and zinc oxide composite microneedles combine enhanced drug permeation,

improved skin hydration, high mechanical durability, and antimicrobial properties. [54]

However, direct clinical evidence linking zinc supplementation to improved post-acne scarring
outcomes remains limited. While systematic reviews confirm zinc's efficacy in treating active
acne lesions, no studies have specifically evaluated zinc-enhanced interventions for scar

prevention or treatment. [21]

4.5 Diagnostics and Biomarkers

Zinc as an Indicator of Disease Severity

Multiple studies have established an inverse correlation between serum zinc levels and acne
severity. A systematic review and meta-analysis confirmed that subjects with acne have
significantly lower serum zinc levels compared to controls, and that zinc treatment leads to

significant improvement in inflammatory papule counts. [7]

One study of 100 acne patients and 100 controls using atomic absorption spectrophotometry
found a correlation between serum zinc levels and both severity and type of acne lesions, with
lower zinc levels associated with more severe presentations-suggesting zinc may serve as a

potential biomarker for disease activity. [5]
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This pattern extends to other immune-mediated inflammatory skin diseases (IMSDs): a
comprehensive meta-analysis of 113 studies involving 7,014 patients demonstrated that serum
zinc levels are significantly decreased in patients with vitiligo, psoriasis, and alopecia areata

compared to healthy controls. [55]

In atopic dermatitis, pooled analyses show significantly lower serum, hair, and erythrocyte zinc
levels in affected patients, with heightened CXCL10 expression in AD skin lesions correlating

with reduced serum zinc levels.[56-57]
Lack of Standardization

Despite these associations, significant methodological heterogeneity limits the clinical utility
of zinc as a diagnostic biomarker. Pre-analytical variables substantially influence zinc
measurement: capillary samples yield zinc concentrations 8% higher than venous blood from
the same donors, serum samples measure 5% higher than plasma, and samples processed 424
hours after collection show 5-12% higher zinc content than immediately processed samples.
Holding temperatures further confound results, with samples held at 20°C or 37°C showing

0.5-7% higher zinc content than refrigerated samples. [58]

The Biomarkers of Nutrition for Development (BOND) Zinc Expert Panel acknowledges that
while plasma zinc concentration responds to severe dietary restriction and supplementation,
there is considerable interindividual variability, and concentrations are influenced by recent

meal consumption, time of day, inflammation, and certain drugs and hormones.[59]

Furthermore, systematic reviews of zinc in acne and atopic dermatitis consistently note that
included studies are of low or moderate quality, making interpretation problematic and
highlighting the need for standardized protocols. [56]

4.6 Economics and Accessibility

Cost-Effectiveness

Zinc represents a potentially cost-effective alternative to conventional acne therapies, though
direct comparative economic analyses remain limited. A review of published reports on
comparative effectiveness and costs concluded that isotretinoin is more cost-effective than
long-term antibiotic therapy mainly because of its greater efficacy and long-term cost savings-

while initial costs are higher, substantial savings accrue in subsequent years. [60]

However, this analysis did not include zinc as a comparator. Zinc supplementation has been
characterized as a "relatively easily implemented and inexpensive intervention” for addressing
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zinc deficiency, with various formulations available including liquid solutions, syrups, pills,
tablets, capsules, and powders. In low- and middle-income countries, zinc supplementation as
part of a package of interventions to reduce undernutrition has been described as "among the

most cost-effective interventions for advancing human welfare.”[7]

The economic advantage of zinc extends beyond direct medication costs. Isotretinoin requires
mandatory participation in the FDA-mandated iPLEDGE risk management program, which
necessitates clinician and patient registration, signed consent, monthly clinical evaluation and
counseling, and for individuals of childbearing potential, monthly pregnancy tests and

confirmation of two forms of contraception. [16]

Laboratory monitoring during isotretinoin treatment should include liver function tests and

fasting lipid panels at baseline and peak dose. [61]
Supplements vs. Medications

The regulatory distinction between zinc supplements and prescription acne medications creates
important accessibility differences. Zinc is described as "a promising alternative to other acne
treatments owing to its low cost, efficacy, and lack of systemic side effects.” Unlike isotretinoin,
which is FDA-approved only for severe recalcitrant nodular acne and requires extensive
monitoring, zinc supplements are available over-the-counter and can be self-administered. [13]

However, this accessibility comes with trade-offs: zinc was the most studied nutraceutical for
acne, yet most studies were of poor quality with substantial heterogeneity in results, and zinc
was often dosed at many times the recommended daily allowance, which may increase adverse
effect risk. Gastrointestinal adverse effects (nausea, vomiting, abdominal pain) were the most
commonly reported side effects with zinc, occurring at rates similar to antibiotics in
comparative studies. The lack of standardized dosing protocols for zinc in acne represents a
barrier to clinical implementation. Studies have used varying formulations (zinc sulfate, zinc
gluconate) at doses ranging from 200 to 600 mg daily, with higher doses more often
demonstrating efficacy. [9]

This contrasts with isotretinoin's well-established dosing paradigm of 0.5-1.0 mg/kg/day with
a cumulative target of 120-150 mg/kg. [16]
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5. Conclusions

Zinc plays a multifaceted and biologically plausible role in the pathogenesis and management
of acne vulgaris, targeting several key mechanisms including sebum production, inflammation,
Cutibacterium acnes proliferation, and wound healing. The overall body of evidence supports
zinc as a modestly effective therapeutic option, particularly for inflammatory lesions, with
additional benefits in skin repair and potential relevance in reducing post-acne sequelae.

Clinical data consistently demonstrate that both oral and topical zinc formulations can improve
acne severity; however, their efficacy remains inferior to established first-line treatments, such
as oral antibiotics, topical retinoid combinations, and isotretinoin. Zinc therefore occupies an
intermediate position in the therapeutic hierarchy, making it most suitable as an adjunctive
therapy or an alternative in patients who cannot tolerate standard treatments or in whom

antibiotic use is undesirable.

Importantly, zinc offers several advantages, including a favorable safety profile, low cost, and
lack of contribution to antibiotic resistance. Its potential role in antibiotic stewardship is
particularly relevant in the context of increasing antimicrobial resistance in acne management.
Additionally, zinc may exert synergistic effects when combined with conventional therapies,

further supporting its adjunctive use.

Emerging evidence suggests that zinc may also serve as a biochemical marker of disease
severity, although its clinical utility is limited by methodological variability and lack of
standardized reference values. Advances in zinc-based formulations, including nanoparticle and
microneedle delivery systems, represent promising future directions, particularly in enhancing

efficacy and targeting skin remodeling processes.

Despite these encouraging findings, the current literature is limited by heterogeneity in study
design, dosing regimens, formulations, and outcome measures, as well as a lack of high-quality,
long-term randomized controlled trials. Furthermore, the influence of genetic factors on zinc

metabolism and treatment response remains insufficiently understood.

In conclusion, zinc should be regarded as a safe, accessible, and biologically relevant adjunct
in acne therapy, with particular value in mild-to-moderate inflammatory acne and in patients
seeking alternatives to antibiotics. However, its role as a standalone or first-line treatment
remains limited, and further well-designed studies are required to define optimal dosing
strategies, identify responsive patient populations, and clarify its place in evidence-based acne
management
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