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Abstract
The use of cosmeceuticals in acne vulgaris is becoming increasingly prevalent with many over-the-counter formulations becoming part of 
patients’ routine skincare. Cosmeceuticals are often used successfully as an adjunctive therapy to reduce the side effects of traditional pre-
scriptions and improve compliance. This is a review to support the use of cosmeceuticals in acne, including retinol, retinaldehyde, benzoyl 
peroxide (BPO), azelaic acid, beta hydroxy acids, alpha hydroxy acids, niacinamide, zinc, tea tree oil and green tea. There is most evidence, 
in human clinical trials, to support the use of topical retinol, BPO and azelaic acid. Further research with large-scale robust human clinical tri-
als are required to go beyond in vitro studies. Most research has focused on mild-to-moderate acne and few studies have looked at the use 
of cosmeceuticals in more severe acne. Overall, adjunctive treatment with cosmeceuticals might reduce the side effect profile of standard 
therapies such as dryness, itching, scaling and erythema, promoting treatment compliance and improving acne outcomes.

Cosmeceuticals are topical treatments with biologically 
active properties that may provide therapeutic effects 
without the requirement for a doctor’s prescription. 
Cosmeceuticals can be used as an adjunctive treatment 
to reduce the side effect profile of established treatments 
such as retinoids or antibiotics, improving patient com-
pliance. Topical retinoids are derivatives of vitamin A and 
are effective in treating both comedonal and inflammatory 
acne by binding to retinoic acid receptors (RARs), reducing 
keratinocyte proliferation and exhibiting anti-inflammatory 
effects. Benzoyl peroxide (BPO) is an oxidative agent that 
is bactericidal against Cutibacterium acnes, and possesses 
anti-inflammatory and anti comedonal properties by inter-
fering with sebaceous secretion and disrupting cellular pro-
cesses. National Institute for Health and Care Excellence 
(NICE) guidelines recommend azelaic acid in combination 
with oral antibiotics for moderate-to-severe acne or as a 
second-line monotherapy option if adapalene/BPO combina-
tions are not tolerated. Alpha and beta hydroxy acids (AHAs 
and BHAs) exfoliate the skin by removing dead skin cells, 
with AHAs primarily improving surface texture and pigmen-
tation, while BHAs like salicylic acid (SA) penetrate pores 
to target oily skin and reduce inflammation. Niacinamide, a 
water-soluble form of vitamin B3, reduces acne symptoms 
by decreasing sebum production, reducing inflammation 
and strengthening the skin barrier through its antibacterial 
and anti-inflammatory properties. Zinc is a micronutrient 
with anti-inflammatory, antimicrobial and anti androgenic 
properties and is thought to work in acne by regulating the 
immune response, inhibiting C. acnes growth and reduc-
ing the production of inflammatory cytokines. Tea tree oil, 
derived from Melaleuca arternifolia, has antimicrobial and 
anti-inflammatory properties, making it effective against 

C. acnes and augmenting the efficacy of treatments like 
azelaic acid in acne management. Green tea, rich in polyphe-
nols like epigallocatechin gallate (EGCG), possesses antioxi-
dant, anti-inflammatory and antimicrobial properties, making 
it beneficial in reducing acne symptoms and improving over-
all skin health. Stronger clinical support exists for the use of 
retinol, BPO and azelaic acid, while other cosmeceuticals 
such as niacinamide, zinc, tea tree oil and green tea could be 
promising adjuncts, although there is less robust evidence 
to support their use. Many current studies use formulations 
with multiple ingredients, making the assessment of individ-
ual component efficacy challenging; larger randomized con-
trolled trials (RCTs) with standardized outcome measures are 
required, and most research is based on mild-to-moderate 
acne, demonstrating a gap in the clinical evidence for stud-
ies on the use of cosmeceuticals in more severe acne. The 
portmanteau ‘cosmeceuticals’, an amalgam of cosmetics 
and pharmaceuticals, are ‘topical preparations… with perfor-
mance characteristics suggesting pharmaceutical action’.1 
These items are typically available without prescription and 
not subjected to the rigorous scrutiny of the Medicines and 
Healthcare products Regulatory Agency. Furthermore, cos-
meceuticals are often combined with other agents, posing 
a greater challenge in discerning which active ingredient is 
contributing to the therapeutic benefit. Presently, the field 
of cosmeceuticals is rapidly expanding with the use of per-
sonalized skin care in acne vulgaris.2

In 2023, the UK beauty and personal care sector con-
tributed £27 billion to the economy, £13.5 billion directly, 
emphasizing the growing commercial and clinical relevance 
of cosmeceuticals in dermatology, particularly in acne vul-
garis.3 Although, most research exploring the use of cosme-
ceuticals has been in vitro, there is ongoing human trial data 
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emerging supporting their use in the treatment of various 
skin ailments, including acne. In this review, we investi-
gate cosmeceuticals in acne, including retinol, BPO, azelaic 
acid, BHAs, AHAs, niacinamide, zinc, tea tree oil and green 
tea. We explore the current evidence with a focus on their 
mechanisms of action, clinical efficacy and implications for 
practice.

Methods

Using the key words ‘acne vulgaris’, ‘alpha hydroxy acid’, 
‘azelaic acid’, ‘benzoyl peroxide’, ‘beta hydroxy acid’, ‘green 
tea’, ‘niacinamide’, ‘retinal’, ‘retinaldehyde’, ‘retinol’, ‘tea 
tree oil’ and ‘zinc’, we searched PubMed for relevant litera-
ture. Our review was conducted in April 2025. The search 
encompassed the period spanning database inception 
until April 2025. The level of evidence was evaluated and 
selected according to the highest level, working our way 
downwards. Using the Oxford Centre for Evidence-Based 
Medicine 2011 guidance, we analysed the evidence based 
on its strength (from level 1 to level 5), with systematic 
reviews and meta-analyses considered first and RCTs sec-
ond, cascading down to a weaker level of evidence such as 
case reports. Included studies are summarized in Table 1.

Topical retinoids

Topical retinoids are derivatives of vitamin A and have been 
the mainstay of acne treatment since tretinoin was first 
approved in 1971 by the Food and Drug Administration.4

Topical retinoids bind to RARs in the nucleus, thereby 
altering downstream gene transcription. There are three 
RAR subtypes, with different retinoid formulations tar-
geting different RAR subtypes.4 Ultimately, retinoids act 
to reduce the proliferation of keratinocytes, stimulating 
keratinocyte differentiation to normalize the desquamation 
process. Topical retinoids exert anti-inflammatory effects 
by inhibiting Toll-like receptors (TLRs), leucocyte migration 
and the activator protein-1 (AP-1) pathway, thereby reduc-
ing nitric oxide production and cytokine release, and sup-
pressing cell inflammation overall.5 They have benefits for 
comedonal and inflammatory acne.6 Retinoids are synthetic 
and natural analogues of vitamin A. The alcohol end group 
of retinols can be oxidized to form retinaldehyde (retinal), 
which can be subsequently oxidized to retinoic acid. Given 
the varying potencies, retinol and retinaldehyde (at lower 
concentrations) are available ‘over the counter’ in the UK, 
but retinoic acid requires a prescription.7 As our review is 
of cosmeceuticals, we have focused on the efficacy of reti-
nol and retinal on acne, which are both available directly to 
consumers.

Retinol monotherapy

In a small study, retinol and oligopeptide-loaded lipid nano-
carriers were found to significantly reduce sebum secretion 
levels.8 The efficacy and safety of a retinsphere formula-
tion  – containing retinol encapsulated in glycospheres 
(Biretix Gel®; Cantabria Labs, Madrid, Spain) – were evalu-
ated as a maintenance treatment after oral isotretinoin use 

in 40 patients. The results showed a relapse of acne lesions 
in only 15% of participants, with good tolerability.9

Retinol combination

Ninety-eight patients with mild-to-moderate acne were 
treated with a combination of hydroxypinacolone retinoate 
0.1% (synthetic esther of 9-cis-retinoic acid), retinol 1% in 
glycospheres and papain 2% in glycospheres, and had a 
41% mean reduction in their Global Acne Grading System 
count after 12 weeks of use,10 with similar formulations 
containing retinol encapsulated with glycolic acid (GA), SA 
and niacinamide showing promising results in patients with 
mild acne.11 Smaller, lower-quality studies have explored the 
use of retinol in acne. A prospective split-face RCT eval-
uated a three-step routine of azelaic acid, SA and gradu-
ated retinol vs. BPO over a 12-week period in patients with 
mild-to-moderate acne, finding a similar reduction in total 
acne lesion count numbers and preferred user tolerability 
in the three-step group (n = 37).12 BPO 2.5% and topical 
retinol was applied to 33 patients with mild-to-moderate 
acne, with a significant reduction in global total acne found 
from baseline to week 12, with significant improvements 
in Investigator’s Global Assessment (IGA) of acne severity 
scores and quality of life scores without any increases in skin 
irritation.13 Combinations of BPO 4%, retinol 0.5%, mandelic 
acid 1% and lactobionic acid 1% also have been found to be 
effective and well tolerated in mild acne.14 Combinations of 
topical niacinamide, retinol and 7-dehydrocholesterol were 
found to downregulate various pro inflammatory molecules, 
which correlated with clinical response.15

Retinaldehyde monotherapy

A study involving 23 patients investigated the effects of 
a topical retinaldehyde-loaded niosome nanoemulsion on 
mild-to-moderate acne, revealing a significant reduction in 
both closed and open comedone counts after 2 weeks.16

Retinaldehyde combination

Retinaldehyde 0.1% combined with GA 6% was well toler-
ated and found to significantly decrease inflammatory acne 
lesions in two separate studies of over 2000 patients,17,18 
while a similar combination significantly reduced global 
scarring score and hyperpigmentation.19,20 This was also 
observed when retinaldehyde 0.1% and GA 6% were com-
bined with efectiose 1%.21 Topical erythromycin 4% and reti-
naldehyde 0.1% combinations significantly reduced papules, 
pustules, comedones and microcysts.22

Side effect profile

The side effects of retinol and retinaldehyde include dry-
ness, erythema and peeling, depending on the subtype, for-
mulation and concentration. Side effects appear to increase 
in severity with increasing concentration.23 Retinoid con-
centration, vehicle formulation, type of retinoid used and 
skin sensitivity are all thought to influence tolerability.24 
Overall, topical retinoids are an established treatment in the 
treatment of acne, with a high level of evidence to support 
their use. Different formulations and combination therapies 
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allow for flexibility in tailoring treatments to patient’s indi-
vidual skin type in terms of oiliness and dryness, leading 
to increased adherence. Over-the-counter cosmeceuticals 
could be useful for maintenance treatment after prescribed 
courses of topical retinoids and systemic isotretinoin, with 
fewer side effects or monitoring requirements. Patient edu-
cation is essential in retinoid use, with gradual titration of 
dosage application depending on skin reaction. We acknowl-
edge that the currently available studies have small sample 
sizes and are often open label, emphasizing the requirement 
for robust large-scale RCTs. It is also important to note 
that most studies investigating retinol or retinaldehyde are 
limited to mild-to-moderate acne, and their role in moder-
ate-to-severe acne requires further exploration.

Benzoyl peroxide

BPO is an oxidative agent that exhibits bactericidal prop-
erties against C. acnes, along with anti-inflammatory and 
comedolytic effects. Moreover, being lipophilic, it generates 
benzoic acid and reactive oxygen species, which interfere 
with sebaceous gland secretion, and disrupt protein and 
nucleotide synthesis, as well as mitochondrial function.24

A Cochrane review of 60 RCTs found that BPO significantly 
outperformed placebo in reducing inflammatory and nonin-
flammatory lesion counts. The review noted considerable 
heterogeneity and variability in outcome measures across 
studies, making pooled quantitative estimates difficult. No 
or little significant difference was observed between BPO 
and adapalene or clindamycin, underscoring BPO’s role as 
a first-line, cost-effective alternative to prescription treat-
ments.25 Various concentrations of BPO exist, ranging from 
2.5% to 20%, with gel being the most common formula-
tion. BPO has been used in combinations with adapalene, 
clindamycin and erythromycin, but these combinations 
are available via prescription only. BPO’s use with topical 
and oral antibiotics is thought to aid in preventing antibiotic 
resistance.26 In two RCTs of over 400 patients, when com-
pared with vehicle treatment BPO demonstrated significant 
improvements in patients’ IGA success scores,27,28 with 
reductions in inflammatory and noninflammatory lesions 
after 12 weeks of treatment.26,28

While different concentrations of BPO have been investi-
gated, including 2.5%, 5% and 10%, the 2.5% formulation 
has been shown to be more efficacious than the higher con-
centrations in reducing inflammatory lesion count and with 
fewer side effects compared with the 10% formulation.29

Side effects

In terms of side effects, BPO can cause erythema, pruritus 
and skin burning and bleaching of clothes, which might lead 
to treatment discontinuation. A recent report raised con-
cerns regarding the possibility of BPO products thermally 
decomposing to benzene when exposed to raised temper-
atures, potentially leading to malignancy.30 This has been 
disputed by other researchers, but, despite this, several 
BPO-containing products have been recalled in the USA.31 
The Cochrane review supports BPO’s efficacy, but signifi-
cant heterogeneity across included studies, and, as a result, 
the lack of a pooled effect size limits the generalizability of its 

findings, emphasizing the need for robust clinical trials with 
standardized methodologies. The noninferiority observed 
between BPO and prescribed agents may over simplify clin-
ical decision-making, where combination regimes or patient 
factors are likely to have a role in the treatment decision. 
Long-term data on the sustainability of BPO’s treatment 
results and relapse rates are lacking, and the emergence of 
potential safety risks warrants further exploration of post-
marketing surveillance data.

Azelaic acid

In vitro

Azelaic acid has antimicrobial and anti-inflammatory properties 
that inhibit mitochondrial metabolism.32,33 Azelaic acid modi-
fies follicular epidermal hyperproliferation, and concentrations 
of 15% have superseded the 20% formulations that caused 
dry skin and irritation. NICE guidelines recommend azelaic acid 
in combination with oral antibiotics for moderate-to-severe 
acne or as a second-line monotherapy option if adapalene/
BPO combinations are not tolerated.34 While the European 
evidence-based guidelines from 2016 recommend azelaic acid 
for mild-to-moderate papulopustular acne alone or in combina-
tion,35 the US guidelines recommend exploiting azelaic acid’s 
benefits in postinflammatory hyperpigmentation in people 
with Fitzpatrick skin phototypes IV–VI.36

Human studies

A systematic review and meta-analysis found evidence 
to support the superiority of azelaic acid over a vehicle in 
reducing lesion counts and improving global acne scores. 
However, no significant difference was observed between 
azelaic acid and tretinoin, or between azelaic acid and BPO. 
Additionally, the comparison between azelaic acid and 
adapalene showed inconsistent results.37 No pooled quan-
titative outcomes were reported likely due to significant 
heterogeneity in study designs, outcome measures and 
formulations. Our review identified five RCTs and three 
open-label clinical trials that examined the use of azelaic acid 
in treating acne vulgaris. In the largest RCT (n = 220), BPO 
3% combined with clindamycin 1% once daily was found, 
after 12 weeks, to be more effective than 20% azelaic acid 
cream applied twice daily.38 The study showed a significant 
difference between the two treatments in terms of reduction 
in inflammatory lesions, with BPO and clindamycin show-
ing a median decrease of 52.6%, compared with a 38.8% 
reduction for azelaic acid (P = 0.0004). Additionally, total and 
inflammatory lesion counts, as well as tolerability, were 
notably different, with the azelaic acid group experiencing 
reduced tolerability (P < 0.0001). The azelaic acid group also 
reported significantly more side effects, including pruritus, 
pain, erythema and dryness, likely due to the twice-daily 
application.38 In two RCTs, azelaic acid proved more effective 
than a placebo, especially in addressing the inflammatory 
components of acne (n = 116).39,40 In another trial, 55 patients 
with acne treated with azelaic acid 15% twice daily for 9 
months showed significantly better results in controlling both 
inflammatory and total lesions compared with those who 
used azelaic acid 15% for 3 months followed by 6 months of 
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daily adapalene 0.1% gel.41 In another study (n = 38), the use 
of azelaic acid 15% gel in combination with oral contracep-
tives (drospirenone and ethinylestradiol) led to a significant 
decrease in TLR-2 levels in women with adult acne.42 This 
combination may exert anti-inflammatory effects by influenc-
ing TLR-2, as determined through immunohistochemistry 
and histomorphometric analysis.43 Three open-label clinical 
trials demonstrated that azelaic acid was effective in treating 
acne vulgaris, with improvements seen in clinical assess-
ments, IGA scores and Dermatology Life Quality Index 
(DLQI; n = 291).44–46 Meanwhile, azelaic acid 20% chemical 
peel demonstrated long-term sebostatic action in 27 patients 
with acne,47 and azelaic acid was found to be comparable to 
tranexamic acid for acne-related postinflammatory hyperpig-
mentation.48 Further, a prospective RCT of adult women with 
acne found azelaic acid 15% to be comparable to spironol-
actone in terms of acne quality of life scores.49 Overall, the 
side effects associated with azelaic acid included erythema, 
dryness, peeling, pruritus and burning, although they were 
mild and mostly resolved by the end of the study period. The 
evidence supports azelaic acid’s superiority over placebo, 
but azelaic acid appears less effective than BPO and clin-
damycin. Significant heterogeneity in formulation, outcome 
measures and treatment duration, as well as methodologi-
cal limitations such as open-label designs and small sample 
sizes across studies, limit the generalizability of the included 
studies’ findings. Robust standardized head-to-head trials 
are needed to clarify the role of azelaic acid compared with 
other prescribed agents.

Hydroxy acids

Hydroxy acids (HAs) are naturally derived organic acids and 
include AHAs (GA from sugar cane; lactic acid from milk 
and fruits), BHAs (citric acid from citrus fruits; SA from wil-
low bark) and poly HAs.50 HAs have keratolytic properties 
and antioxidant properties; they also increase epidermal 
turnover, making them useful in the dermatologist’s arma-
mentarium for treating acne.51 In lower concentrations, HAs 
supplement over-the-counter skin creams, but in higher 
concentrations they can be used in chemical peels for the 
treatment of acne. Chemical peels work by inducing skin 
resurfacing, generating a new epidermal layer of the dermal 
tissue.52

Beta hydroxy acids

BHAs are thought to aid exfoliation, are comedolytic and 
reduce inflammation. They are lipid soluble, with the most 
reported example being SA.53 At lower concentrations 
(1–6%), daily SA topical creams and gels have been used 
in acne; at higher concentrations (30%), SA peels used spo-
radically have been effective, with a good side effect profile 
in mild-to-moderate acne.54 SA can improve acne, scars, 
skin tone and texture, and can eliminate dead skin cells and 
reduce oil production; it works best at a pH of 3–4. Side 
effects include skin dryness, redness or irritation and photo-
sensitivity.55 When combined with other treatments such as 
BPO it can also be more effective in treating acne.56 A com-
bination of SA peel with pulsed-dye laser was shown to sig-
nificantly improve IGA scores compared with chemical peel 
alone treatment (P = 0.003) in a split-face RCT (n = 19).57 In 

a separate study, a combination of 30% supramolecular SA 
and CO2 laser was superior to laser alone in reducing come-
done distribution (P < 0.001).58 Trials comparing GA 35% 
peels with SA 20%–mandelic acid 10% peels showed no 
statistically significant differences between the treatments 
and there was no clear difference when SA was compared 
with topical tretinoin therapies.59 HAs are found in increas-
ing numbers and combinations in over-the-counter, online 
and prescription formulations. Further research is required 
to establish the most efficacious combinations. Currently 
available data are from studies with small sample sizes over 
short time periods and are often conducted in vitro.60

Alpha hydroxy acids

AHAs work on the skin’s surface to promote cell turnover,53 
and the effectiveness of AHAs is dependent on pH, concen-
tration and exposure time.61,62

Monotherapy

As discussed, various concentrations of GA can be used. 
At concentrations of 5–15%, GA can be used in home skin-
care products to promote stratum corneum exfoliation, skin 
hydration and dermis regeneration. At concentrations of 
20–35%, GA can be used in superficial peels for patients 
with oily skin types, while at concentrations of 50–70% it 
can be used in deeper peels by clinicians, inducing inflam-
mation and stimulating dermis regeneration by producing 
collagen and elastin,63 assisting with the treatment of scars. 
At low concentrations, GA has shown statistically signifi-
cant improvements in facial porphyrins and slight improve-
ments in residual spots and erythema.64 A 2013 review65 
discussed the use of GA in acne, finding that there was 
a significant reduction comedones, papules and pustules, 
as well as an improvement in skin texture, with consistent 
use of 35% and 50% GA peels once every 3 weeks for 10 
weeks. GA 70% has been found to be better tolerated than 
Jessner’s solution (resorcinol 14%, lactic acid 14% and SA 
14%, in an alcohol base) in people with Fitzpatrick skin type 
IV.66 Smaller, lower-quality studies have explored the use 
of GA in acne. However, SA peels were better tolerated 
when compared with GA peels in a split-face study after 
20 patients were treated with peels biweekly for 6 treat-
ments.67 In a separate study of 41 patients with Fitzpatrick 
skin types III–V, there was a significant reduction in the 
number of comedones and papules/pustules in patients 
with mild-to-moderate acne after GA peel, but there was 
no response in patients with nodulocystic acne.68 At high 
concentrations in peeling agents, a disruption of the cor-
neocytes of the skin barrier was identified, leading to irri-
tation in animal models, whereas at lower concentrations 
GA demonstrated anti-inflammatory effects through epige-
netic mechanisms.62 In a further study, a dose-dependent 
response was demonstrated in collagen production in 
human skin explants topically treated with GA formulations 
of 8%, 10%, 15% or 25%.69 In a separate study compar-
ing GA concentrations, GA 20% was found to be more 
effective at managing patients with acne with large pores, 
whereas GA 5% was more effective at managing inflam-
matory lesions. This could allow tailoring of concentrations 
of GA formulations depending on acne type and severity.70 
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The degree of antibacterial activity of GA on C. acnes was 
found to be most potent at pH 3, which is thought to work 
by disrupting bacterial cell membranes. The authors argue 
that much lower concentrations GA (as low as 0.2%) could 
be employed at this pH in over-the-counter preparations.71 
Mandelic acid is another AHA shown to have efficacy in 
improving inflammatory lesions in mild-to-moderate acne 
with fewer side effects when compared with SA.72

Combination therapy

GAs have often been combined with other active ingre-
dients, including azelaic acid, tretinoin, clindamycin73 and 
adapalene, to produce a synergistic, more efficacious ther-
apy.74 In a prospective study of 66 patients with acne-related 
disorders, a serum of SA and GA was used by patients over 
a 2-week period. Over 90% of participants self-reported 
significant overall improvements in comedonal and cystic 
acne, with 70–80% reporting decreases in oiliness and skin 
texture, which was consistent with physical examination 
findings.75 A meta-analysis of 18 RCTs (n = 1435) found that 
AHAs were most efficacious when combined with intense 
pulsed light (IPL) compared with control [odds ratio (OR) 
4.24, 95% confidence interval (CI) 2.66–6.74; P < 0.01]. 
AHA combined with IPL was more efficacious than AHA 
alone (OR 4.10, 95% CI 2.12–7.91; P < 0.01) and IPL alone 
(OR 4.02, 95% CI 2.25–7.16; P < 0.01) with no significant 
difference in adverse reactions between the combined and 
control group.64 Overall, the current evidence base for HAs 
is limited by methodological inadequacies. Although stud-
ies consistently report positive outcomes for SA and GA, 
particularly in combination treatment, most trials have lim-
ited generalizability due to their small sample sizes, short 
durations and open-label designs, with a lack of standard-
ization in formulation making comparisons across studies 
challenging. Rigorous, large-scale RCTs are required to clar-
ify their isolated efficacy and ideal treatment combinations.

Niacinamide

Niacinamide (nicotinamide) is a water-soluble isotope of vita-
min B3 (niacin). Niacinamide is thought to improve symp-
toms of acne vulgaris with its anti-inflammatory and anti 
bacterial profile, and its ability to reduce sebum production.76 
Niacinamide has a role in neutrophil chemotaxis, inhibition of 
histamine release and cytokine-induced reduction of nitric 
oxide synthase, reducing inflammation. It promotes skin 
health by augmenting the synthesis of protein, ceramide and 
keratin, and encourages keratinocyte differentiation. These 
properties ensure that the epidermal barrier is secure, to 
enhance the hydration of the skin, encouraging skin health 
and appearance to prevent new acne lesions.77 On a molec-
ular level, niacinamide was found to inhibit interleukin (IL)-8 
production through the nuclear factor kappa B (NF-κB) and 
mitogen-activated protein kinase pathways in a dose-de-
pendent mechanism in an in vitro keratinocyte/C. acnes 
model of inflammation.78 It appears that niacinamide is more 
effective in oily skin types vs. non oily skin types.79,80 Minor 
side effects of topical niacinamide include itching, burning, 
mild dermatitis and greasy skin.81

Monotherapy

In a double-blind RCT (n = 60), participants received topical 
niacinamide 5% gel or clindamycin 2% gel for 8 weeks. At 
the end of the study, acne severity index was significantly 
decreased compared with baseline, but there was no sig-
nificant difference between the two treatment and neither 
treatment caused adverse effects.82 A second study com-
paring niacinamide 4% gel and clindamycin 1% gel resulted 
in similar findings and, interestingly, the researchers noted 
that, given the emergence of microbial resistance, niacina-
mide might be a suitable alternative to clindamycin.83 Of 
note, a third study of 80 patients with moderate acne found 
no benefit of using a combination of clindamycin phosphate 
1% gel with niacinamide 4% gel vs. clindamycin 1% alone.84

Combination

In a double-blind RCT of 88 individuals, a topical adapalene/
BPO (A/BPO) formulation plus a dermocosmetic regime 
was compared with A/BPO plus routine skincare regimen. 
The dermocosmetic regimen consisted of a cleanser and a 
cream. The dermocosmetic cleanser (Effaclar® H Iso Biome 
cream wash; La Roche-Posay Laboratoire Dermatologique, 
La Roche-Posay, France) contains Bixa orellana seed extract, 
niacinamide 2%, mannose and APF (‘Aqua Posae Filiformis’). 
The dermocosmetic cream (Effaclar® H Iso Biome cream) 
contains B. orellana seed extract, niacinamide 2%, panthe-
nol and the pre- and postbiotic APF. There was a statistically 
significant difference in skin sensitivity in the dermocos-
metic regime compared with the routine skincare regime, 
and clinical sign and symptom scores were more reduced in 
the dermocosmetic regimen vs. the routine skincare group, 
even though acne severity improved in both groups. This 
demonstrates the potential for niacinamide in combination 
with retinoids to improve treatment adherence and, hence, 
efficacy as the side effects of retinoids can be a treatment 
barrier.85 These findings were replicated in a second study 
in which a cream formulation with 8% omega-ceramides, 
hydrophilic sugars and niacinamide 5% reduced xerosis and 
skin irritation associated with oral isotretinoin and led to an 
improvement in adherence after 6 months of treatment.86,87 
A retrospective assessment of three different topical combi-
nations (n = 90) (group 1, BPO 5%, twice daily; group 2, BPO 
5% and erythromycin 3% twice daily; group 3, niacinamide 
4%, gallic acid 1% and lauric acid 1% twice daily) found no 
significant difference between the three groups.88

A new gel formulation that included combinations of 
retinol, encapsulated in glycospheres, and hydroxypina-
colone retinoate, associated with an anti microbial peptide 
(BIOPEP-15) SA, GA and niacinamide has shown prom-
ising results in patients with mild acne without the side 
effects such as excess xerosis associated with retinoids.11 
Further research is required to establish optimal concentra-
tions, doses and treatment duration for topical niacinamide 
preparations. Direct comparison of different concentrations 
is required to establish robust clinical guidelines. Future 
research should establish appropriate treatment duration 
as most current research has endpoints at 8 weeks. Many 
of the current studies comparing niacinamide with clinda-
mycin and erythromycin provide low-quality evidence, and 
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methodologically robust head-to-head trials are required.73 
In terms of future application, niacinamide is a useful adjunct 
to existing acne treatments. Its skin-lightening effects with 
melanosome transfer inhibition from melanocytes to kerat-
inocytes could prove useful in postinflammatory hyperpig-
mentation.89

Zinc

Zinc is a micronutrient and its role in acne vulgaris treat-
ment has not fully been elucidated. Possible mechanisms of 
action were summarized by Cervantes et al.90 as regulation 
of protein, lipid and nucleic acid metabolism, and regulation 
of gene transcription for histone deacetylation. It has been 
suggested that zinc has a role in the regulation of DNA and 
RNA polymerases involved in cell replication and wound 
repair by acting on macrophage, neutrophils, natural killer 
cells and complement activity.

In vitro

Zinc possesses anti-inflammatory activity91 by inhibiting IL-6 
and tumour necrosis factor-α production, and inhibition of 
nitrous oxide, integrin and TLRs, direct inhibition of C. acnes 
and anti androgenic activity by inhibiting 5α-reductase.90 
Given the number of patients carrying resistant C. acnes 
strains, alternative agents to antibiotics are required, and zinc 
oxide and silver nanoparticle concentrations of 3.9–62.5 µg 
mL–1 and 15–62.5 µg mL–1, respectively, significantly inhib-
ited the growth and biofilm formation of all C. acnes strains.92 
In one study, mice with a diet poor in zinc had worse dis-
ease scores, whereas those with sufficient and high zinc 
in their diet had better scores.93 Original gel formulations of 
zinc complexes of amino acids have been formulated with 
glycine and histidine, and were found to have low in vitro 
cytotoxic potential for keratinocytes and fibroblasts but had 
high activity against C. acnes. These compounds will require 
further in vivo testing to assess their clinical capabilities.94

Human studies

Some patients with acne have been found to have lower 
serum zinc concentrations, but correlations of disease sever-
ity and type of acne are conflicting.95 A systematic review 
and meta-analysis of 2445 patients found that patients with 
acne vulgaris had significantly lower mean (SD) levels of zinc 
compared with controls [96.308 (4.053) μg dL–1 in acne vs. 
102.442 (3.744) μg dL–1 in control participants; P = 0.041], 
and zinc treatment subsequently improved the mean inflam-
matory papule count vs. the nontreatment group as mon-
otherapy or in combination.96 In a separate study, oral zinc 
combined with low-dose isotretinoin was compared with 
isotretinoin alone in 60 patients with acne vulgaris. No sig-
nificant difference was found in the efficacy of treatment 
between groups in terms of lesion count and IGA scores. 
However, there were fewer side effects reported in the com-
bined treatment group suggesting that combined treatment 
could result in better treatment adherence.97 Significant 
reductions in noninflammatory lesion counts were found in 
patients treated with a formulation of niacinamide cream, 
antibacterial adhesive and zinc-pyrrolidone carboxylic acid 

and adapalene compared with adapalene alone after twice 
daily treatment for 6 weeks (n = 140), with no significant dif-
ferences found in the side effect profile.98 Combinations of 
topical erythromycin 2% with zinc acetate 1.2% vs. eryth-
romycin 2% monotherapy was compared in patients with 
mild-to-moderate acne over 3 weeks (n = 102). There was 
a reduction in lesion count and severity in the combination 
treatment group, although this was not statistically signif-
icant.99 A recent single-centre open-label nonrandomized 
study (n = 51) investigated the use of a cleansing gel contain-
ing SA 2%, zinc gluconate 0.2% and lipohydroxy acid 0.05% 
in moderate truncal acne. Total lesion count was significantly 
reduced after 84 days, as was noninflammatory lesion count, 
with good product tolerability.100

Tea tree oil

Tea tree oil is derived from Melaleuca arternifolia leaves 
and branches. Its anti-inflammatory and immune proper-
ties mean it is useful in a variety of dermatological condi-
tions. Terpinen-4-ol is one of the major antimicrobial and 
anti-inflammatory components of tea tree oil.101

In vitro

Tea tree oil has found to have broad antimicrobial and anti-
biotic effects in vitro and has been shown to be effective 
against C. acnes.102 The synergistic effects of an azelaic acid 
and a tea tree oil microemulsion hydrogel were explored 
in vitro to assess its efficacy against the bacterial strains 
Staphylococcus aureus, C. acnes and Staphylococcus 
epidermidis, and was found to increase the zone of inhibition 
by twofold and decrease the minimum inhibitory concen-
tration by eightfold against C. acnes vs. azelaic acid alone. 
It also reduced papule density more than azelaic acid alone 
and had better permeation, retention, skin-compliant attrib-
utes and texture.103

Human studies

In a single-blind RCT (n = 124), tea tree oil 5% gel was com-
pared with BPO 5% lotion in patients with mild-to-moderate 
acne. Both therapies significantly reduced the number of 
inflammatory and noninflammatory lesions. Although the 
tea tree oil took longer to exhibit these effects, it had a bet-
ter side effect profile and, at the end of 3 months, there 
were no differences seen between the two therapies.104 
The side effects of tea tree oil include skin irritation, contact 
dermatitis, erythema multiforme-like reactions and idiopathic 
prepubertal gynaecomastia, with oral poisoning reported 
at higher doses.101 In one RCT, tea tree oil combined with 
adapalene gel once daily (ADA Marketed Gel) was compared 
with adapalene 0.1% gel once daily (n = 100). There was a 
significantly greater reduction in total, inflammatory and 
noninflammatory acne lesion count in the combined group 
compared with the monotherapy group (P < 0.001) after 12 
weeks. Dry skin was the most common side effect and this 
was higher in the treatment group.105 Tea tree oil combined 
with propolis and aloe vera was found to be more effective 
than topical erythromycin in reducing erythema scars, acne 
severity index and total lesion count in a double-blind trial of 
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60 patients with mild-to-moderate acne.106 In a small study 
of 18 participants, tea tree oil face wash (7 mg g–1) and gel 
(200 mg g–1) were found to significantly reduce total lesion 
counts (P < 0.0001) and reduced mean IGA score after 12 
weeks (P = 0.0094). Reported side effects included peel-
ing, dryness and scaling, which resolved independently.107 
Overall, it is difficult to robustly support the use of tea tree 
oil in acne vulgaris. Most studies are small or in vitro and 
use different formulations with other active ingredients with 
different end outcomes, making it difficult to find a true rela-
tionship between tea tree oil and its anti-inflammatory effect 
on acne.108

Green tea

Green tea is an important source of plant polyphenols and is 
composed of catechins, flavonols and flavonoids. Green tea 
has the highest components of EGCG, which is thought to 
act on the acne signalling cascade involving insulin growth 
factor-1 (IGF-1; thought to play a role in Western-diet induced 
acne).109

In vitro

Catechins in green tea are thought to have anti-inflammatory 
and antimicrobial properties, while polphenon-60 (a deriva-
tive of green tea extract) inhibited IL-8 secretion and TLR-2 
expression stimulated by C. acnes by downregulating extra-
cellular signal-regulated kinases 1/2 and AP-1 pathways in ex 
vivo studies of human monocytic cells,110 and has been found 
to reduce comedones and pustules in mild-to-moderate 
acne.111 In vitro studies have also shown that green tea 
extract can inhibit lipid synthesis in IGF-1-treated sebo-
cytes and suppress the release of inflammatory cytokines. 
Androgens are thought to play a key role in the acne path-
way and green tea extract was found to reduce 5α-reduc-
tase activity, and therefore testosterone, decreasing sebum 
synthesis in hamster sebocytes.112 Green tea extract has 
antimicrobial activity against C. acnes, Propionibacterium 
granulosum, S. aureus and S. epidermidis,113 and exhibits 
activity against free radicals, diminishing oxidative stress 
and the inflammatory response by suppressing the NF-κB 
pathway.113

Human studies

Five RCTs were included in a systematic review and 
meta-analysis (n = 247). Green tea 5% extract significantly 
reduced the number of inflammatory lesions (−9.38, 95% 
CI −14.13 to −4.63), while subgroup analysis showed that 
topical green tea extract significantly reduced inflammatory 
lesion counts (−11.39, 95% CI −15.91 to −6.86). However, 
oral green tea had a minimal impact (−1.40, 95% CI −2.50 
to −0.30) on inflammatory lesion count. Non-inflammatory 
lesions were not reduced by green tea extract, although 
when this was stratified by route of delivery, topical green 
tea extract significantly reduced noninflammatory lesions 
(−32.44, 95% CI −39.27 to −25.62), but oral administra-
tion did not (0.20, 95% CI 0.00–0.40).114 Topical green tea 
extract was shown to be as efficacious as clindamycin 1% 
and superior in treating erythema and pigmentation. Mild 

gastrointestinal effects were reported relating to oral green 
tea extract and temporary irritation, and itching was associ-
ated with topical green tea extract application.115 A second 
systematic review of eight studies explored the evidence for 
green tea and polyphenols in sebum production in acne vul-
garis.109 They found some evidence for topical tea polyphe-
nols in reducing sebum secretion in acne vulgaris. However, 
some studies included were not explicit in the type of tea 
used or the amount of tea polyphenol in each tea sample. 
Many of the included studies had poor research designs lack-
ing control groups, and therefore a quantitative pooled effect 
size was not generated. A single-blind placebo study of 60 
women with mild-to-moderate acne investigated the effect 
of sonophoresis with an ultrasound gel combined with green 
tea, bamboo extract and lactic acid vs. ultrasound gel alone. 
The treatment had a significant effect on reducing facial 
greasing around the nose compared with placebo, but there 
was no statistically significant difference effect in levels of 
greasing between the eyebrows and bottom lip. There were 
no significant adverse effects reported. In future studies, it 
would be useful to include pH and skin moisture as addi-
tional skin parameter measures with a more diverse group of 
patients, with an appropriate treatment duration investigated. 
In addition, it would be useful to compare the effect of the 
treatment with and without sonophoresis.116

In one RCT, 47 patients with acne vulgaris were randomly 
assigned to receive tea lotion 2% or zinc sulfate 5% solu-
tion for 2 months, with a significant reduction in inflamma-
tory lesion count (pustules and papules) noted in the tea 
group, with no significant difference noted in the zinc sul-
fate group.117 In human studies, it appears that oral green 
tea extract exerts its activity on inflammatory rather than 
noninflammatory lesions. A herbal extract-loaded hydrogel 
containing green tea, Zingiber officinale Rosc., Phyllanthus 
emblica and SA demonstrated moderate-to-high healing 
properties as a bioactive dressing agent in 24 patients with 
acne.118 In a small split-body study, green tea 5% was com-
pared with placebo, and green tea 2.5% and lotus 2.5% 
extract for 60 days (n = 22). The green tea (27% reduction, 
P = 0.006) and green tea plis lotus group (25% reduction 
P = 0.002) both had significant reductions in their sebum 
production (measured with a Sebumeter®; Courage + 
Khazaka electronic, Köln, Germany), with the combination 
group experiencing greater sebum secretion reduction than 
the group using green tea alone, although it must be noted 
that these patients were healthy and did not have acne.119 In 
a separate study, green tea 3% extract used for 8 weeks led 
to a sebum reduction of 60% in 10 healthy control individ-
uals (P < 0.095).120 These positive findings were replicated 
in two separate studies comparing tea 2% lotion with pla-
cebo.121,122 Overall, all studies investigating the use of green 
tea extract have small sample sizes without comparative 
outcome measures, and have differing treatment durations 
and concentrations, with some studies containing qualita-
tive assessment measures. Whether there was a recurrence 
in acne lesions was usually not investigated.114

Conclusion

Cosmeceuticals may be useful adjuncts in the treatment of 
acne vulgaris, with their anti-inflammatory and antimicrobial 
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Table 1  Summary table of included studies

Agent

Sample 
size (n; 
pooled) Intervention Duration Outcomes Side effects Limitations

Evidence 
level Reference(s)

Retinol 
(monotherapy/
combination)

244 Retinsphere post 
isotretinoin; various 
combinations with 
various combinations 
of hydroxypinacolone 
retinoate, retinol 
(0.5–1%), papain, 
azelaic acid/SA/GA/
mandelic acid/
niacinamide/BPO 
(2.5–4%)/
niacinamide/7-dehy-
drocholesterol, 
niacinamide/BPO

12 
weeks– 
12 
months

Reduced lesion 
counts, improved IGA, 
QoL, some showed 
lower irritation vs. 
BPO, 15% relapse 
rate with retinsphere 
after isotretinoin

Dryness, 
erythema, 
peeling 
depending on 
subtype, 
formulation and 
concentration

Small/open-label 
trials, short 
durations, 
heterogeneity

High 9–15

Retinaldehyde 
(monotherapy/
combination)

2412 Retinaldehyde 0.1% 
in nanoemulsion or 
various combinations 
of retinaldehyde 
0.1% + GA 6%/
efectiose 1%/topical 
erythromycin 4%

1–3 
months

Reduced comedones, 
papules, pustules, 
microcysts, scarring, 
pigmentation

Dryness, 
erythema, 
peeling 
depending on 
subtype, 
formulation and 
concentration

Mostly 
observational 
studies + 
nonrandomized, 
short duration 
and small 
sample sizes

High 16–22

BPO 30 831 BPO 2.5–20% vs. 
vehicle

8–12 
weeks

Significant IGA and 
lesion reduction

Pruritus, skin 
burning and 
bleaching of 
clothes

Heterogeneity 
across studies in 
Cochrane review, 
lack of long-term 
data on 
sustainability, 
potential safety 
risk

High 25,27–29

Azelaic acid >750 Azelaic acid 15–20% 
cream/gel, alone or 
compared with 
placebo, oral 
contraceptive pill, 
BPO/clindamycin, 
tretinoin, adapalene, 
spironolactone

3–9 
months

Reduced lesion 
counts, reduced 
inflammatory lesions, 
improved global acne 
scores. No significant 
difference between 
azelaic acid and 
tretinoin or BPO

Erythema, 
dryness, 
peeling, 
pruritus, and 
burning

High 
heterogeneity in 
formulations, 
durations and 
comparators, 
mostly 
open-label 
designs, 
tolerability 
issues with 
twice-daily use

Moderate 37–49

AHAs/BHAs 1860 GA, SA, mandelic 
acid used with/
without lasers

2–10 
weeks

SA + laser improved 
IGA and comedones 
vs. chemical peel; no 
major difference 
among AHA types

Skin dryness, 
redness or 
irritation and 
photosensitivity

Small, split-face 
trials, mostly 
cosmetic 
endpoints

Moderate 57–60

Niacinamide 
(monotherapy/
combination)

446 Niacinamide 4–5% 
gel vs. clindamycin 
1–2% gel. 
Adapalene/
BPO + niacinamide 
2–5% in 
dermocosmetic 
regimens with 
adapalene/BPO or 
isotretinoin or 
erythromycin; also in 
complex 
formulations with 
retinol, SA and GA

8 weeks– 
6 months

Comparable to 
clindamycin with 
fewer concerns of 
microbial resistance; 
improved tolerability 
and adherence; 
reduced xerosis

Mild itching, 
burning, mild 
dermatitis and 
greasy skin

Small trials, 
short follow-up, 
variable 
formulations

Moderate 11,82–89

(Continued)
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Table 1  (Continued )

Agent

Sample 
size (n; 
pooled) Intervention Duration Outcomes Side effects Limitations

Evidence 
level Reference(s)

Zinc 
(monotherapy/
combination)

2798 Oral zinc, oral 
zinc + low-dose 
isotretinoin, topical 
zinc + topical 
erythromycin, 
nicotinamide, SA 
cleansers

3–12 
weeks

Significantly lower 
baseline mean (SD) 
zinc levels in patients 
with acne [96.308 
(4.053) μg dL–1] than 
in control participants 
[102.442 (3.744) μg 
dL–1] (P = 0.041); zinc 
improved 
inflammatory papule 
count; combinations 
showed modest 
improvements in 
lesion count 
(especially 
noninflammatory); no 
added efficacy with 
isotretinoin but fewer 
side effects, 
significant reductions 
in noninflammatory 
lesion counts in those 
treated with 
formulation of zinc, 
adapalene and 
niacinamide 
compared with 
adapalene alone; no 
statistically significant 
difference between 
combinations of 
erythromycin and zinc 
compared with 
erythromycin alone

Some reports 
of 
gastrointestinal 
symptoms such 
as nausea, 
vomiting or 
abdominal pain 
but no 
statistically 
significant 
difference 
found 
compared with 
comparator

Small, 
short-term 
studies limits 
statistical power 
nonrandomized/
open-label 
design in some 
studies, 
heterogeneity in 
dosing and 
formulations 
makes optimal 
dosing unclear

Moderate 96–100

Tea tree oil 284 Tea tree 5% oil vs. 
BPO 5%; tea tree 
oil + adapalene; tea 
tree 
oil + propolis + aloe 
vera vs. 
erythromycin

12 weeks Comparable efficacy 
to BPO with fewer 
side effects; 
significant reduction 
in total, inflammatory 
and noninflammatory 
lesion counts when 
combined with 
adapalene; tea tree 
oil + propolis + aloe 
vera improved 
erythema scars + acne 
severity index 
compared with topical 
erythromycin; tea tree 
oil face wash reduced 
lesion counts and 
reduced mean IGA 
score

Peeling, 
dryness and 
scaling

Small sample 
sizes, delayed 
onset of action 
vs. BPO, 
heterogeneous 
formulations, 
confounding 
from 
combination 
therapies

Low 101,104–107

Green tea 
extract

550 Topical 2–5% green 
tea extract, tea 
polyphenols, 
polyphenol-based 
hydrogels, blends of 
green tea + lotus), 
sonophoresis + green 
tea, bamboo extract 
and lactic acid

4–12 
weeks

Topical green tea 
significantly reduced 
inflammatory (−9.38, 
95% CI −14.13 to 
−4.63) and 
noninflammatory 
lesions. Comparable 
efficacy to 
clindamycin 1%. 
Some evidence of 
sebum reduction in 
acne vulgaris

Mild 
gastrointestinal 
effects reported 
relating to oral 
green tea 
extract, and 
temporary 
irritation and 
itching was 
associated with 
topical green 
tea extract 
application

Small 
heterogeneous 
trials, 
inconsistent 
formulations, 
combination 
therapies, 
limited long-term 
data, most trials 
lacked acne 
recurrence data 
and standardized 
endpoints

Low 114–122

AHA, alpha hydroxy acid; BHA, beta hydroxy acid; BPO, benzoyl peroxide; CI, confidence interval; GA, glycolic acid; IGA, Investigator Global Assessment; 
QoL, quality of life; SA, salicylic acid.
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properties. Research suggests that some cosmeceuticals 
may have similar efficacies to established treatments such 
as clindamycin and topical retinoids.

Given that treatments such as isotretinoin may have 
undesirable side effects or may be contraindicated, cos-
meceuticals may afford a more accessible alternative, 
improving patient compliance and treatment outcomes. 
Cosmeceuticals can be adjunctive agents used to amelio-
rate acne complications such as scarring and postinflamma-
tory hyperpigmentation.

BPO remains a key over-the-counter agent with robust 
evidence for inflammatory acne, while cosmeceuticals such 
as retinol, niacinamide and azelaic acid may be most ben-
eficial for patients with mild-to-moderate acne, sensitive 
skin or those unable to tolerate prescription treatments. 
However, few robust studies address the role of cosmeceu-
ticals in diverse skin types, severe acne, long-term use or 
head-to-head comparisons with prescription agents. While 
this review prioritized high-level evidence, it is important 
to acknowledge that many included studies had method-
ological limitations. Several RCTs lacked blinding, or had 
small sample sizes or short follow-up periods, limiting 
their external validity. Combination formulations were fre-
quently studied, making it difficult to isolate the effect of 
individual cosmeceutical ingredients. Additionally, some 
trials were industry-sponsored, possibly introducing bias. 
Additionally, the heterogeneity of formulations, dosing and 
outcome measures also complicates direct comparison 
across studies and limits the ability to draw robust conclu-
sions.123 Additionally, vehicle formulation might impact the 
tolerability and effectiveness of cosmeceuticals. For exam-
ple, lipid-based nanocarrier vehicles have been shown to 
improve retinol delivery,124 while a microsphere formulation 
of BPO reduced irritation compared with a gel formula-
tion.125 Future research should stratify outcomes by formu-
lation to identify optimal delivery systems. Robust studies 
are required to demonstrate the safety, effectiveness and 
quality control of cosmeceuticals, which are available over 
the counter with less stringent guidelines for their use and 
manufacturing standards. Standardized outcome measures 
such as IGA and DLQI, and adequate follow-up durations 
are needed to allow rigorous comparison with current gold 
standard treatments. There are large evidence gaps for 
severe acne, including in paediatric and older patients, and 
those with Fitzpatrick IV–VI skin types. Head-to-head trials 
with prescription agents and the inclusion of underrepre-
sented patient subgroups should be encouraged. Overall, 
there is most robust evidence to support the use of top-
ical retinoids,126 BPO and azelaic acid in the treatment of 
mild-to-moderate acne vulgaris. There is mostly low-quality 
evidence to support the use of the other cosmeceuticals 
discussed and data comparing these treatments to estab-
lished prescription treatments are scarce. We acknowledge 
that our review is not exhaustive and there are multiple other 
cosmeceutical agents that have evidence of utility, including 
(but not limited to) silymarin,127 decanediol,128 l-carnitine129 
and sulfur.130

Author contributions

Tamara N. Searle (Investigation [lead], Methodology 
[lead], Writing—original draft [lead]), Firas Al-Niaimi 

(Conceptualization [equal], Writing—review & editing [equal]) 
and Faisal R. Ali (Conceptualization [equal], Writing—review 
& editing [equal])

Funding sources

This research received no specific grant from any funding 
agency in the public, commercial or not-for-profit sectors.

Conflicts of interest

F.R.A. has received honoraria and speaker fees from L’Oréal, 
Novartis, LEO Pharma, Incyte and Galderma. F.A.-N. has 
received honoraria and speaker fees from Beiersdorf.

Data availability

No new data were generated or analysed in support of this 
research.

Ethics statement

Not applicable.

Patient consent

Not applicable.

References

	 1	 Kligman A. The future of cosmeceuticals: an interview with 
Albert Kligman, MD, PhD. Interview by Zoe Diana Draelos. 
Dermatol Surg 2005; 7:890–1.

	 2	 Pandey A, Jatana GK, Sonthalia S. Cosmeceuticals. StatPearls. 
Available at: https://www.ncbi.nlm.nih.gov/books/NBK555922/ 
(last accessed 24 June 2025).

	 3	 Oxford Economics, British Beauty Council. The Value of 
Beauty: 2023 Report. Available at: https://www.ft.com/con-
tent/763a6a5a-c8c2-4f80-903c-8fca5534634c (last accessed 
12 June 2025).

	 4	 Dreno B, Kang S, Leyden J et al. Update: mechanisms of topical 
retinoids in acne. J Drugs Dermatol 2022; 21:734–40.

	 5	 Leyden J, Stein-Gold L, Weiss J. Why topical retinoids are main-
stay of therapy for acne. Dermatol Ther 2017; 7:293–304.

	 6	 Baldwin H, Webster G, Stein Gold L et al. 50 years of topical 
retinoids for acne: evolution of treatment. Am J Clin Dermatol 
2021; 22:315–27.

	 7	 Mukherjee S, Date A, Patravale V et al. Retinoids in the treat-
ment of skin aging: an overview of clinical efficacy and safety. 
Clin Interv Aging 2006; 1:327–48.

	 8	 Pawłowska M, Marzec M, Jankowiak W et al. Retinol and oli-
gopeptide-loaded lipid nanocarriers as effective raw material in 
anti-acne and anti-aging therapies. Life (Basel) 2024; 14:1212.

	 9	 Bettoli V, Zauli S, Borghi A et  al. Efficacy and safety of a 
12-month treatment with a combination of hydroxypinacolone 
retinoate and retinol glycospheres as maintenance therapy in 
acne patients after oral isotretinoin. G Ital Dermatol Venereol 
2017; 152:13–17.

	10	 Veraldi S, Barbareschi M, Guanziroli E et al. Treatment of mild to 
moderate acne with a fixed combination of hydroxypinacolone 
retinoate, retinol glycospheres and papain glycospheres. G Ital 
Dermatol Venereol 2015; 150:143–7.

	11	 Villani A, Annunziata MC, Cinelli E et al. Efficacy and safety of 
a new topical gel formulation containing retinol encapsulated in 

D
ow

nloaded from
 https://academ

ic.oup.com
/skinhd/advance-article/doi/10.1093/skinhd/vzaf104/8418304 by guest on 12 January 2026

https://www.ncbi.nlm.nih.gov/books/NBK555922/
https://www.ft.com/content/763a6a5a-c8c2-4f80-903c-8fca5534634c
https://www.ft.com/content/763a6a5a-c8c2-4f80-903c-8fca5534634c


11Cosmeceuticals in acne vulgaris: from mechanism of action to clinical application, T. N. Searle et al.

glycospheres and hydroxypinacolone retinoate, an antimicrobial 
peptide, salicylic acid, glycolic acid and niacinamide for the treat-
ment of mild acne: preliminary results of a 2-month prospective 
study. G Ital Dermatol Venereol 2020; 155:676–9.

	12	 Gern A, Walter J, Xu S et  al. A randomized controlled dou-
ble-blinded split-face prospective clinical trial to assess the effi-
cacy, safety, and tolerability of a novel 3-step routine compared 
to benzoyl peroxide for the treatment of mild to moderate acne 
vulgaris. Arch Dermatol Res 2024; 316:230.

	13	 Kosmoski G, Miller D, Coret C et al. A topical combination regi-
men of benzoyl peroxide and retinol moisturizer for mild to mod-
erate acne. J Drugs Dermatol 2022; 21:1340–6.

	14	 Garofalo V, Cannizzaro MV, Mazzilli S et al. Clinical evidence on 
the efficacy and tolerability of a topical medical device containing 
benzoylperoxide 4%, retinol 0.5%, mandelic acid 1% and lacto-
bionic acid 1% in the treatment of mild facial acne: an open label 
pilot study. Clin Cosmet Investig Dermatol 2019; 12:363–9.

	15	 Emanuele E, Bertona M, Altabas K et  al. Anti-inflammatory 
effects of a topical preparation containing nicotinamide, retinol, 
and 7-dehydrocholesterol in patients with acne: a gene expres-
sion study. Clin Cosmet Investig Dermatol 2012; 5:33–7.

	16	 Kim J, Kim J, Lee YI et  al. A pilot study evaluating the effi-
cacy and safety of retinaldehyde-loaded niosomes against 
mild-to-moderate acne. J Cosmet Dermatol 2021; 20:3586–92.

	17	 Dreno B, Castell A, Tsankov N et al. Interest of the association 
retinaldehyde/glycolic acid in adult acne. Eur Acad Dermatol 
Venereol 2009; 23:529–32.

	18	 Dreno B, Nocera T, Verrière F et al. Topical retinaldehyde with 
glycolic acid: study of tolerance and acceptability in association 
with anti-acne treatments in 1,709 patients. Dermatology 2005; 
210:22–9.

	19	 Chandrashekar BS, Ashwini KR, Vasanth V et al. Retinoic acid 
and glycolic acid combination in the treatment of acne scars. 
Indian Dermatol Online J 2015; 6:84–8.

	20	 Dreno B, Katsambas A, Pelfini C et al. Combined 0.1% retinal-
dehyde/6% glycolic acid cream in prophylaxis and treatment of 
acne scarring. Dermatology 2007; 214:260–7.

	21	 Masini F, Ricci F, Fossati B et al. Combination therapy with reti-
naldehyde (0.1%) glycolic acid (6%) and efectiose (0.1%) in mild 
to moderate acne vulgaris during the period of sun exposure–
efficacy and skin tolerability. Eur Rev Med Pharmacol Sci 2014; 
18:2283–6.

	22	 Morel P, Vienne MP, Beylot C et al. Clinical efficacy and safety of 
a topical combination of retinaldehyde 0.1% with erythromycin 
4% in acne vulgaris. Clin Exp Dermatol 1999; 24:354–7.

	23	 Kolli SS, Pecone D, Pona A et al. Topical retinoids in acne vul-
garis: a systematic review. Am J Clin Dermatol 2019; 20:345–
65.

	24	 Leyden J, Grove G, Zerweck C. Facial tolerability of topical reti-
noid therapy. J Drugs Dermatol 2004; 3:641–51.

	25	 Yang Z, Zhang Y, Lazic Mosler E et al. Topical benzoyl peroxide 
for acne. Cochrane Database Syst Rev 2020; 3:CD011154.

	26	 Reynolds RV, Yeung H, Cheng CE et al. Guidelines of care for 
the management of acne vulgaris. J Am Acad Dermatol 2024; 
90:1006.

	27	 Kawashima M, Hashimoto H, Alio Sáenz AB et al. Is benzoyl per-
oxide 3% topical gel effective and safe in the treatment of acne 
vulgaris in Japanese patients? A multicenter, randomized, dou-
ble-blind, vehicle-controlled, parallel-group study. J Dermatol 
2014; 41:795–801.

	28	 Webster GF, Sugarman J, Levy-Hacham O et  al. 
Microencapsulated benzoyl peroxide and tretinoin for the treat-
ment of acne vulgaris: results from a phase 2 multicenter, dou-
ble-blind, randomized, vehicle-controlled study. Skinmed 2020; 
18:343–51.

	29	 Mills OH, Kligman AM, Pochi P et al. Comparing 2.5%, 5%, 
and 10% benzoyl peroxide on inflammatory acne vulgaris. Int J 
Dermatol 1986; 25:664–7.

	30	 Kucera K, Zenzola N, Hudspeth A et al. Evaluation of benzene 
presence and formation in benzoyl peroxide drug products.  
J Invest Dermatol 2025; 145:1147–54.

	31	 Garate D, Thang CJ, Lai J et  al. Benzoyl peroxide for acne 
treatment is not associated with an increased risk of malig-
nancy: a retrospective cohort study. J Am Acad Dermatol 
2024; 91:966–8.

	32	 Charnock C, Brudeli B, Klaveness J. Evaluation of the antibacte-
rial efficacy of diesters of azelaic acid. Eur J Pharm Sci 2004; 21: 
589–96.

	33	 Searle T, Ali FR, Al-Niaimi F. The versatility of azelaic acid in 
dermatology. J Dermatol Treat 2022; 33:722–32.

	34	 Wilcock J, Kuznetsov L, Ravenscroft J et al. New NICE guidance 
on acne vulgaris: implications for first-line management in pri-
mary care. Br J Gen Pract 2021; 71:568–70.

	35	 Nast A, Rosumeck S, Erdmann R et al. Methods report on the 
development of the European evidence-based (S3) guideline 
for the treatment of acne – update 2016. J Eur Acad Dermatol 
Venereol 2016; 30:e1–28.

	36	 Zaenglein AL, Pathy AL, Schlosser BJ et al. Guidelines of care 
for the management of acne vulgaris. J Am Acad Dermatol 
2016; 74:945–73.e33.

	37	 King S, Campbell J, Rowe R et al. A systematic review to eval-
uate the efficacy of azelaic acid in the management of acne, 
rosacea, melasma and skin aging. J Cosmet Dermatol 2023; 
22:2650–62.

	38	 Schaller M, Sebastian M, Ress C et  al. A multicentre, rand-
omized, single-blind, parallel-group study comparing the effi-
cacy and tolerability of benzoyl peroxide 3%/clindamycin 1% 
with azelaic acid 20% in the topical treatment of mild-to-moder-
ate acne vulgaris. J Eur Acad Dermatol Venereol 2016; 30:966–
73.

	39	 Hayashi N, Koyanagi E, Nogita T et al. A randomized placebo-con-
trolled investigator-blinded face split study of 20% azelaic acid 
cream to evaluate the efficacy and safety in Japanese patients 
with acne vulgaris: P16-04. J Dermatol 2012; 39:249–50.

	40	 Picosse F, Guadanhim L, Nascimento L et al. Azelaic acid as 
an option for maintenance treatment after oral isotretinoin: a 
comparative and longitudinal study - preliminary results. J Am 
Acad Dermatol 2015; 72:AB5.

	41	 Thielitz A, Lux A, Wiede A et al. A randomized investigator-blind 
parallel-group study to assess efficacy and safety of azelaic acid 
15% gel vs. adapalene 0.1% gel in the treatment and mainte-
nance treatment of female adult acne. J Eur Acad Dermatol 
Venereol 2015; 29:789–96.

	42	 Rocha M, Sanudo A, Bagatin E. The effect on acne qual-
ity of life of topical azelaic acid 15% gel versus a combined 
oral contraceptive in adult female acne: a randomized trial. 
Dermatoendocrinology 2017; 9:e1361572.

	43	 Rocha MAD, Guadanhim LRS, Sanudo A et al. Modulation of 
toll like receptor-2 on sebaceous gland by the treatment of adult 
female acne. Dermatoendocrinology 2017; 9:e1361570.

	44	 Kainz JT, Berghammer G, Auer-Grumbach P et al. Azelaic acid 
20% cream: effects on quality of life and disease severity in adult 
female acne patients. J Dtsch Dermatol Ges 2016; 14:1249–59.

	45	 Hashim PW, Chen T, Harper JC et al. The efficacy and safety of 
azelaic acid 15% foam in the treatment of facial acne vulgaris. J 
Drugs Dermatol 2018; 17:641–5.

	46	 Kircik LH. Efficacy and safety of azelaic acid (AzA) gel 15% in 
the treatment of post-inflammatory hyperpigmentation and 
acne: a 16-week, baseline-controlled study. J Drugs Dermatol 
2011; 10:586–90.

	47	 Szymańska A, Budzisz E, Erkiert-Polguj A. Long-term effect of 
azelaic acid peel on sebum production in acne. Dermatol Ther 
2022; 35:e15186.

	48	 Sobhan M, Talebi-Ghane E, Poostiyan E. A comparative study 
of 20% azelaic acid cream versus 5% tranexamic acid solution 
for the treatment of postinflammatory hyperpigmentation in 

D
ow

nloaded from
 https://academ

ic.oup.com
/skinhd/advance-article/doi/10.1093/skinhd/vzaf104/8418304 by guest on 12 January 2026



12 Cosmeceuticals in acne vulgaris: from mechanism of action to clinical application, T. N. Searle et al.

patients with acne vulgaris: a single-blinded randomized clinical 
trial. J Res Med Sci 2023; 28:18.

	49	 Bomfim DP, da Rocha MAD, Sanudo A et  al. A prospective 
randomized trial comparing quality of life in adult female acne 
treated with azelaic acid 15% gel versus oral spironolactone. 
Clin Cosmet Investig Dermatol 2024; 17:2335–43.

	50	 Saint-Léger D, Lévêque JL, Verschoore M. The use of hydroxy 
acids on the skin: characteristics of C8-lipohydroxy acid. J 
Cosmet Dermatol 2007; 6:59–65.

	51	 Babilas P, Knie U, Abels C. Cosmetic and dermatologic use of 
alpha hydroxy acids. J Dtsch Dermatol Ges 2012; 10:488–91.

	52	 Bernstein EF, Underhill CB, Lakkakorpi J et  al. Citric acid 
increases viable epidermal thickness and glycosaminoglycan 
content of sun-damaged skin. Dermatol Surg 1997; 23:689–94.

	53	 Moghimipour E. Hydroxy acids, the most widely used anti-aging 
agents. Jundishapur J Nat Pharm Prod 2012; 7:9–10.

	54	 Bae BG, Park CO, Shin H et  al. Salicylic acid peels versus 
Jessner’s solution for acne vulgaris: a comparative study. 
Dermatol Surg 2013; 39:248–53.

	55	 Măgerușan Șoimița E, Hancu G, Rusu A. A comprehensive bib-
liographic review concerning the efficacy of organic acids for 
chemical peels treating acne vulgaris. Molecules 2023; 28:7219.

	56	 Akarsu S, Fetil E, Yücel F et al. Efficacy of the addition of sali-
cylic acid to clindamycin and benzoyl peroxide combination for 
acne vulgaris. J Dermatol 2012; 39:433–8.

	57	 Lekakh O, Mahoney AM, Novice K et  al. Treatment of acne 
Vulgaris with salicylic acid chemical peel and pulsed dye laser: 
a split face, rater-blinded, randomized controlled trial. J Lasers 
Med Sci 2015; 6:167–70.

	58	 Yang M, Liu J, Ning D et al. Combining superpulse dynamic CO2 
laser and supramolecular salicylic acid in the treatment of dense 
comedones with higher clearance in a shorter time: a prospec-
tive, randomized, split-face clinical trial. Lasers Surg Med 2023; 
55:817–28.

	59	 Liu H, Yu H, Xia J et  al. Evidence-based topical treatments 
(azelaic acid, salicylic acid, nicotinamide, sulfur, zinc, and fruit 
acid) for acne: an abridged version of a Cochrane systematic 
review. J Evid Based Med 2020; 13:275–83.

	60	 Egli C, Min M, Afzal N et al. The hydroxy acids: where have we 
been and what’s new? Dermatol Rev 2023; 4:260–7.

	61	 Parker ET, Cleaves HJ, Bada JL et al. Quantitation of α-hydroxy 
acids in complex prebiotic mixtures via liquid chromatography/
tandem mass spectrometry. Rapid Commun Mass Spectrom 
2016; 30:2043–51.

	62	 Tang SC, Yang JH. Dual effects of alpha-hydroxy acids on the 
skin. Molecules 2018; 23:863.

	63	 Zegarska B, Rudnicka L, Narbutt J et al. Dermocosmetics in 
the management of acne vulgaris. Recommendations of the 
Polish Dermatological Society. Part II. Dermatol Rev 2023; 110:​
593–601.

	64	 Chen L, Lu L, Tu S et al. Efficacy and safety of 5% glycolic acid-
based gel essence in the treatment of mild to moderate acne. J 
Cosmet Dermatol 2022; 21:4482–9.

	65	 Sharad J. Glycolic acid peel therapy–a current review. Clin 
Cosmet Investig Dermatol 2013; 6:281–8.

	66	 Kim SW, Moon SE, Kim JA et al. Glycolic acid versus Jessner’s 
solution: which is better for facial acne patients? A randomized 
prospective clinical trial of split-face model therapy. Dermatol 
Surg 1999; 25:270–3.

	67	 Kessler E, Flanagan K, Chia C et al. Comparison of alpha- and 
beta-hydroxy acid chemical peels in the treatment of mild to mod-
erately severe facial acne vulgaris. Dermatol Surg 2008; 34:45–50.

	68	 Grover C, Reddu BS. The therapeutic value of glycolic acid peels in 
dermatology. Indian J Dermatol Venereol Leprol 2003; 69:148–50.

	69	 Narda M, Trullas C, Brown A et al. Glycolic acid adjusted to pH 4 
stimulates collagen production and epidermal renewal without 
affecting levels of proinflammatory TNF-alpha in human skin 
explants. J Cosmet Dermatol 2021; 20:513–21.

	70	 Zhao J, Zhou B, Hou Y et al. Effect of 5% glycolic acid complex 
and 20% glycolic acid on mild-to-moderate facial acne vulgaris. 
Chin Med J (Engl) 2022; 135:2614–16.

	71	 Valle-González ER, Jackman JA, Yoon BK et al. pH-dependent 
antibacterial activity of glycolic acid: implications for anti-acne 
formulations. Sci Rep 2020; 10:7491.

	72	 Dayal S, Kalra KD, Sahu P. Comparative study of efficacy and 
safety of 45% mandelic acid versus 30% salicylic acid peels 
in mild-to-moderate acne vulgaris. J Cosmet Dermatol 2020; 
19:393–9.

	73	 Liu H, Yu H, Xia J et al. Topical azelaic acid, salicylic acid, nic-
otinamide, sulphur, zinc and fruit acid (alpha-hydroxy acid) for 
acne. Cochrane Database Syst Rev 2020; 5:CD011368.

	74	 Chlebus E, Serafin M, Chlebus M. Is maintenance treatment in 
adult acne important? Benefits from maintenance therapy with 
adapalene, and low doses of alpha and beta hydroxy acids. J 
Dermatol Treat 2019; 30:568–71.

	75	 Wiegmann D, Haddad L. Two is better than one: the combined 
effects of glycolic acid and salicylic acid on acne-related disor-
ders. J Cosmet Dermatol 2020; 19:2349–51.

	76	 Forbat E, Al-Niaimi F, Ali FR. Use of nicotinamide in dermatol-
ogy. Clin Exp Dermatol 2017; 42:137–44.

	77	 Althwanay A, AlEdani EM, Kaur H et al. Efficacy of topical treat-
ments in the management of mild-to-moderate acne vulgaris: a 
systematic review. Cureus 2024; 16:e57909.

	78	 Grange PA, Raingeaud J, Calvez V et al. Nicotinamide inhibits 
Propionibacterium acnes-induced IL-8 production in keratino-
cytes through the NF-kappaB and MAPK pathways. J Dermatol 
Sci 2009; 56:106–12.

	79	 Draelos ZD, Matsubara A, Smiles K. The effect of 2% niacina-
mide on facial sebum production. J Cosmet Laser Ther 2006; 
8:96–101.

	80	 Marques C, Hadjab F, Porcello A et al. Mechanistic insights into 
the multiple functions of niacinamide: therapeutic implications 
and cosmeceutical applications in functional skincare products. 
Antioxidants (Basel) 2024; 13:425.

	81	 Walocko FM, Eber AE, Keri JE et al. The role of nicotinamide in 
acne treatment. Dermatol Ther 2017; 30:e12481.

	82	 Shahmoradi Z, Iraji F, Siadat AH et al. Comparison of topical 5% 
nicotinamid gel versus 2% clindamycin gel in the treatment of 
the mild-moderate acne vulgaris: a double-blinded randomized 
clinical trial. J Res Med Sci 2013; 18:115–17.

	83	 Shalita AR, Smith JG, Parish LC et al. Topical nicotinamide com-
pared with clindamycin gel in the treatment of inflammatory 
acne vulgaris. Int J Dermatol 1995; 34:434–7.

	84	 Dos SK, Barbhuiya JN, Jana S, Dey SK. Comparative evalua-
tion of clindamycin phosphate 1% and clindamycin phosphate 
1% with nicotinamide gel 4% in the treatment of acne vulgaris. 
Indian J Dermatol Venereol Leprol 2003; 69:8–9.

	85	 Khammari A, Kerob D, Demessant AL et al. A dermocosmetic 
regimen is able to mitigate skin sensitivity induced by a reti-
noid-based fixed combination treatment for acne: results of a 
randomized clinical trial. J Cosmet Dermatol 2024; 23:1313–19.

	86	 Kurokawa I, Kobayashi M, Nomura Y et al. The role and benefits 
of dermocosmetics in acne management in Japan. Dermatol 
Ther 2023; 13:1423–33.

	87	 Cannizzaro MV, Dattola A, Garofalo V et al. Reducing the oral 
isotretinoin skin side effects: efficacy of 8% omega-ceramides, 
hydrophilic sugars, 5% niacinamide cream compound in acne 
patients. G Ital Dermatol E Venereol 2018; 153:161–4.

	88	 Kozan A, Guner RY, Akyol M. A retrospective assessment and 
comparison of the effectiveness of benzoyl peroxide; the com-
bination of topical niacinamide, gallic acid, and lauric acid; and 
the combination of benzoyl peroxide and erythromycin in acne 
vulgaris. Dermatol Ther 2020; 33:e13534.

	89	 Hakozaki T, Minwalla L, Zhuang J et al. The effect of niacinamide 
on reducing cutaneous pigmentation and suppression of mela-
nosome transfer. Br J Dermatol 2002; 147:20–31.

D
ow

nloaded from
 https://academ

ic.oup.com
/skinhd/advance-article/doi/10.1093/skinhd/vzaf104/8418304 by guest on 12 January 2026



13Cosmeceuticals in acne vulgaris: from mechanism of action to clinical application, T. N. Searle et al.

	90	 Cervantes J, Eber AE, Perper M et al. The role of zinc in the 
treatment of acne: a review of the literature. Dermatol Ther 
2018; 31:e12576.

	91	 Searle T, Ali FR, Al-Niaimi F. Zinc in dermatology. J Dermatol 
Treat 2022; 33:2455–8.

	92	 Al-Momani H, Massadeh MI, Almasri M et  al. Anti-bacterial 
activity of green synthesised silver and zinc oxide nanoparticles 
against Propionibacterium acnes. Pharmaceuticals (Basel) 2024; 
17:255.

	93	 Li L, Hajam I, McGee JS et  al. Comparative transcriptome 
analysis of acne vulgaris, rosacea, and hidradenitis suppurativa 
supports high dose dietary zinc as a therapeutic agent. Exp 
Dermatol 2024 Jul; 33:e15145.

	94	 Abendrot M, Płuciennik E, Felczak A et al. Zinc(II) complexes of 
amino acids as new active ingredients for anti-acne dermatolog-
ical preparations. Int J Mol Sci 2021; 22:1641.

	95	 Podgórska A, Kicman A, Naliwajko S et al. Zinc, copper, and iron 
in selected skin diseases. Int J Mol Sci 2024; 25:3823.

	96	 Yee BE, Richards P, Sui JY et al. Serum zinc levels and effi-
cacy of zinc treatment in acne vulgaris: a systematic review and 
meta-analysis. Dermatol Ther 2020; 33:e14252.

	97	 Salah E. Oral zinc as a novel adjuvant and sparing therapy for 
systemic isotretinoin in acne vulgaris: a preliminary comparative 
study. J Clin Aesthetic Dermatol 2022; 15:58–61.

	98	 Sitohang IBS, Yahya YF, Simanungkalit R et  al. Efficacy and 
tolerability of topical nicotinamide plus antibacterial adhesive 
agents and zinc-pyrrolidone carboxylic acid versus placebo as 
an adjuvant treatment for moderate acne vulgaris in Indonesia: 
a multicenter, double-blind, randomized, controlled trial. J Clin 
Aesthetic Dermatol 2020; 13:27–31.

	99	 Sayyafan MS, Ramzi M, Salmanpour R. Clinical assessment of 
topical erythromycin gel with and without zinc acetate for treating 
mild-to-moderate acne vulgaris. J Dermatol Treat 2020; 31:730–3.

	100	 Towersey L, Correia P, Fajgenbaum Feiges M et al. Assessment 
of the benefit of a deep cleansing gel containing salicylic acid 
2%, zinc gluconate 0.2% and lipohydroxy acids 0.05% in patients 
with mild to moderate truncal acne: results from an exploratory 
study. Clin Cosmet Investig Dermatol 2023; 16:119–23.

	101	 Pazyar N, Yaghoobi R, Bagherani N et al. A review of applications 
of tea tree oil in dermatology. Int J Dermatol 2013; 52:784–90.

	102	 Ossa-Tabares JC, Llanos CJ, García AM. Evaluation of tea 
tree oil physicochemical features and its antimicrobial activity 
against Cutibacterium acnes (Propionibacterium acnes) ATCC 
6919. Biomedica 2020; 40:693–701.

	103	 Bisht A, Hemrajani C, Rathore C et al. Hydrogel composite con-
taining azelaic acid and tea tree essential oil as a therapeutic 
strategy for Propionibacterium and testosterone-induced acne. 
Drug Deliv Transl Res 2022; 12:2501–17.

	104	 Bassett IB, Pannowitz DL, Barnetson RS. A comparative study 
of tea-tree oil versus benzoylperoxide in the treatment of acne. 
Med J Aust 1990; 153:455–8.

	105	 Najafi-Taher R, Jafarzadeh Kohneloo A, Eslami Farsani V et al. 
A topical gel of tea tree oil nanoemulsion containing adapalene 
versus adapalene marketed gel in patients with acne vulgaris: a 
randomized clinical trial. Arch Dermatol Res 2022; 314:673–9.

	106	 Mazzarello V, Donadu MG, Ferrari M et al. Treatment of acne 
with a combination of propolis, tea tree oil, and aloe vera com-
pared to erythromycin cream: two double-blind investigations. 
Clin Pharmacol 2018; 10:175–81.

	107	 Malhi HK, Tu J, Riley TV et al. Tea tree oil gel for mild to mod-
erate acne; a 12 week uncontrolled, open-label phase II pilot 
study. Australas J Dermatol 2017; 58:205–10.

	108	 Nascimento T, Gomes D, Simões R et al. Tea tree oil: proper-
ties and the therapeutic approach to acne-a review. Antioxidants 
(Basel) 2023; 12:1264.

	109	 Saric S, Notay M, Sivamani RK. Green tea and other tea 
polyphenols: effects on sebum production and acne vulgaris. 
Antioxidants (Basel) 2016; 6:2.

	110	 Jung MK, Ha S, Son JA et al. Polyphenon-60 displays a thera-
peutic effect on acne by suppression of TLR2 and IL-8 expres-
sion via down-regulating the ERK1/2 pathway. Arch Dermatol 
Res 2012; 304:655–63.

	111	 Jugeau S, Tenaud I, Knol AC et al. Induction of toll-like receptors 
by Propionibacterium acnes. Br J Dermatol 2005; 153:1105–13.

	112	 Koseki J, Matsumoto T, Matsubara Y et al. Inhibition of rat 5α-re-
ductase activity and testosterone-induced sebum synthesis in 
hamster sebocytes by an extract of Quercus acutissima cortex. 
Evid Based Complement Alternat Med 2015; 2015:1–9.

	113	 Li Z, Summanen PH, Downes J et al. Antimicrobial activity of 
pomegranate and green tea extract on Propionibacterium acnes, 
Propionibacterium granulosum, Staphylococcus aureus and 
Staphylococcus epidermidis. J Drugs Dermatol 2015; 14:574–8.

	114	 Kim S, Park TH, Kim WI et al. The effects of green tea on acne 
vulgaris: a systematic review and meta-analysis of randomized 
clinical trials. Phytother Res 2021; 35:374–83.

	115	 Waranuch N, Phimnuan P, Yakaew S et al. Antiacne and anti-
blotch activities of a formulated combination of Aloe barbaden-
sis leaf powder, Garcinia mangostana peel extract, and Camellia 
sinensis leaf extract. Clin Cosmet Investig Dermatol 2019; 
12:383–91.

	116	 Chilicka K, Rogowska AM, Rusztowicz M et al. The effects of 
green tea (Camellia sinensis), bamboo extract (Bambusa vul-
garis) and lactic acid on sebum production in young women with 
acne vulgaris using sonophoresis treatment. Healthcare (Basel) 
2022; 10:684.

	117	 Sharquie KE, Noaimi AA, Al-Salih MM. Topical therapy of acne 
vulgaris using 2% tea lotion in comparison with 5% zinc sul-
phate solution. Saudi Med J 2008; 29:1757–61.

	118	 Lin YY, Lu SH, Gao R et al. A novel biocompatible herbal extract-
loaded hydrogel for acne treatment and repair. Oxid Med Cell 
Longev 2021; 2021:5598291.

	119	 Mahmood T, Akhtar N, Moldovan C. A comparison of the effects 
of topical green tea and lotus on facial sebum control in healthy 
humans. Hippokratia 2013; 17:64–7.

	120	 Mahmood T, Akhtar N, Khan BA et al. Outcomes of 3% green 
tea emulsion on skin sebum production in male volunteers. 
Bosn J Basic Med Sci 2010; 10:260–4.

	121	 Sharquie KE, Al-Turfi IA, Al-Shimary WM. Treatment of acne 
vulgaris with 2% topical tea lotion. Saudi Med J 2006; 27:83–5.

	122	 Elsaie ML, Abdelhamid MF, Elsaaiee LT et al. The efficacy of 
topical 2% green tea lotion in mild-to-moderate acne vulgaris. 
J Drugs Dermatol 2009; 8:358–64.

	123	 Barros BS, Zaenglein AL. The use of cosmeceuticals in acne: 
help or hoax? Am J Clin Dermatol 2017; 18:159–63.

	124	 Algahtani MS, Ahmad MZ, Ahmad J. Nanoemulgel for improved 
topical delivery of retinyl palmitate: formulation design and sta-
bility evaluation. Nanomaterials (Basel) 2020; 10:848.

	125	 Smith SR, Kempers S. A study of 5.5% benzoyl peroxide micro-
sphere cream versus 6% benzoyl peroxide gel in the treatment 
of acne vulgaris. Cutis 2006; 78:537–42.

	126	 Mavranezouli I, Daly CH, Welton NJ et al. A systematic review 
and network meta-analysis of topical pharmacological, oral 
pharmacological, physical and combined treatments for acne 
vulgaris. Br J Dermatol 2022; 187:639–49.

	127	 Draelos ZD, Kerscher M, Lynch S et al. A silymarin antioxidant 
serum improves facial acne alone and as part of a treatment 
regimen. J Drugs Dermatol 2024; 23:233–8.

	128	 Bassino E, Gasparri F, Munaron L. Pleiotropic effects of white 
willow bark and 1,2-decanediol on human adult keratinocytes. 
Skin Pharmacol Physiol 2018; 31:10–18.

	129	 Peirano RI, Hamann T, Düsing HJ et  al. Topically applied 
L-carnitine effectively reduces sebum secretion in human skin. 
J Cosmet Dermatol 2012; 11:30–6.

	130	 Danto JL, Maddin WS, Stewart WD et al. A controlled trial of 
benzoyl peroxide and precipitated sulfur cream in acne vulgaris. 
Appl Ther 1966; 8:624–5.

D
ow

nloaded from
 https://academ

ic.oup.com
/skinhd/advance-article/doi/10.1093/skinhd/vzaf104/8418304 by guest on 12 January 2026


	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Cosmeceuticals in acne vulgaris: from mechanism of action to clinical applicatio﻿n﻿

	﻿﻿Method﻿s﻿

	﻿﻿﻿Topical retinoid﻿s﻿

	﻿﻿Retinol monotherapy﻿﻿

	﻿﻿﻿Retinol combinatio﻿n﻿

	﻿﻿﻿Retinaldehyde monotherap﻿y﻿

	﻿﻿﻿Retinaldehyde combinatio﻿n﻿

	﻿﻿﻿Side effect profil﻿e﻿


	﻿﻿﻿﻿Benzoyl peroxid﻿e﻿

	﻿﻿Side effects﻿


	﻿﻿﻿﻿Azelaic aci﻿d﻿

	﻿﻿﻿In vitr﻿﻿o﻿﻿

	﻿﻿﻿Human studie﻿s﻿

	﻿﻿﻿Hydroxy acid﻿s﻿
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