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Synopsis

Melasma is a pigmentary system failure marked by macules or symmetrically distributed irregular spots
in sun-exposed areas, particularly on the forehead, lips, cheeks, and chin. With its ability to inhibit the
tyrosinase enzyme, which is in charge of producing melanin, kojic acid (KA) is one of the depigmenting
substances frequently employed in the topical treatment of melasma. This systematic scoping review followed
the recommendations of Joanna Briggs and the PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist
and Explanation to map the therapeutic application of KA in treating melasma. The following databases,
searched without regard to year or language through December 2022, were used: MEDLINE (PubMed),
Embase, VHL, Scopus, Cochrane, Web of Science, and the grey literature. The search found 2,104 records
in the databases. Eventually, 24 studies were added since they matched the requirements for eligibility. The
outcomes and occurrences of adverse effects are influenced by variables such as the pharmaceutical form,
concentration, frequency, period of treatments, and therapeutic associations. In the therapy of melasma, KA,
whether isolated or associated, has substantial effects.

INTRODUCTION

Melasma, also known as acquired and chronic symmetrical cutaneous hyper melanosis,
is a malfunction of the pigmentary system. It is recognized by macules or irregular spots
on sun-exposed skin that range in tone from light brown to dark brown. It is distributed
symmetrically, mostly throughout the parts of the face that include the chin, cheeks, lips,
and forehead. Other body parts such as the neck and chest may be affected less frequently (1).

Melasma may develop due to exposure to ultraviolet radiation (UVA and UVB), sunlight,
exposure to visible light, genetic predisposition, pregnancy, and exogenous hormone use.
The use of various drugs such as anticonvulsants; photosensitizing cosmetics; nutritional
inadequacy; and ovarian and thyroid dysfunction are other variables that may contribute
to the development of melasma. Women with darker skin and those from Asian, Latin
American, Middle Eastern, and African regions with higher sun exposure are most affected
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by this dysfunction. In addition, it significantly impacts the quality of life, resulting in
psychological problems including depression and low self-esteem (2,3).

Histologically, melasma is characterized by an increase in melanin in the epidermis and
dermis. Unfortunately, melasma’s clinical course is sometimes lengthy, resistant to treatment,
and typically recurs once treatment is stopped or with increasing sun exposure (3).

Current treatments include topical and systemic agents, chemical peels, laser, and light-
based therapies. The goals of the treatment should be to improve existing lesions and avoid
recurrences. Topical therapies include ultraviolet (UV) backlight protection, depigmenting
agents, retinoids, corticosteroids, tranexamic acid (TXA), and combinations of these.
Depigmenting or keratolytic topical medications include hydroquinone (HQ), tretinoin,
azelaic acid, kojic acid (KA), niacinamide, and TX A, among a wide range of others. Glycolic
acid (GA), salicylic acid (SA), and trichloroacetic acid (TCA) are three commonly utilized
chemical peels. Intense pulsed light, Q-Switched ND YAG Laser (ADSS, Beijing, China),
and fractional laser are a few examples of laser/light-based therapies. TXA and natural
supplements are recent systemic medications. Melasma can be improved by combination
therapy, which typically yields superior results (2,4).

Among the depigmenting substances commonly used in the topical treatment of melasma
is KA, which may be applied alone or in combination with other substances or therapies.
Also known as 5-hydroxy-2-hydroxymethyl-4-pyrone (International Union of Pure and
Applied Chemistry, IUPAC), KA is a naturally occurring chemical produced when fungi
such as Aspergillus and Penicillium ferment carbohydrates. Its function is to lighten the
skin by inhibiting the tyrosinase enzyme, which is responsible for melanin production.
Tyrosinase contains copper ions that regulate melanin synthesis by a two-step reaction. In
the first stage, tyrosinase catalyzes tyrosine hydroxylation in L-3,4-dihydroxyphenylalanine
(L-DOPA) and oxidation of DOPA in dopaquinone. In the second stage, dopaquinone
converts into melanin. So, when tyrosinase is inhibited, melanin production is blocked,
which leads to a decrease in pigment formation (5).

Due to its mechanism of action, KA has wide application in the cosmetic industry. With
the growth of this industry, its supply and demand are increasing considerably, and clinical
studies are essential for designing and developing new products based on KA (6,7). However,
there needs to be more literature regarding the use of KA as a depigmenting agent in
treating melasma. Publications of systematic and scoping reviews or other methodologies
that gather primary studies on this asset were not found to evaluate the safety and efficacy
alone or in association with other therapies.

This systematic scoping review aims to map the clinical application of KA in treating melasma
by mapping the literature that is currently available. These publications provide a descriptive
view of the pharmaceutical forms of KA as well as delivery, concentration, treatment duration,
frequency of application, and associations. In addition, these publications summarize the
evidence found on efficacy and safety, if available, regarding reducing the severity of melasma
spots, improving the quality of life of carriers, and adverse effects reported.

METHODS

STUDY DESIGN

This scoping review was carried out following the guidelines of the Joanna Briggs Institute
to map, describe, and categorize the available information on the clinical use of KA in the
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The selection steps of the studies included in this review were performed according to the
PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation (9).

A previously developed protocol was made available under open access in the Open Science
Framework repository (DOI 10.17605/OSF. IO/P7G6R <https:/osf.io/f5dhk>), as well as
complete data from the included studies.

INVOLVEMENT OF STAKEHOLDERS

This scoping review had the direct participation of a pharmaceutical aesthete (J.B.S.) and
three specialists in cosmetology (V.E.B.C., E.P.S., Z.M.E.F)) in the refinement of the protocol
and screening of the studies.

RESEARCH QUESTION

This scoping review was guided by the following question: How is the clinical application
of KA in the treatment of melasma performed? To describe the pharmaceutical forms
of delivery of KA, concentration, treatment duration time, frequency of application and
associations, reduction of the severity of melasma spots, improvement of the quality of life
of carriers, and adverse effects were reported.

The research question followed the acronym Population, Concept, and Context (PCC):

Population: Studies involving participants of both sexes, of any age, and with melasma who
received melasma treatment through topical application of KA alone or in association with
other actives or therapies. Studies involving participants with other pigmentation disorders
were excluded.

Concepr: This scoping review was based on the following main concepts: KA and melasma:

e KA, whose IUPAC name is 5-hydroxy-2-hydroxymethyl-4-pyrone, which is a substance
of natural origin that is obtained from the fermentation of carbohydrates by fungi such
as Aspergillus and Penicillium. Its function is to lighten the skin by being able to inhibit
the enzyme tyrosinase, which is responsible for melanin production (5).

® Melasma, which is a dysfunction of the pigmentary system known as acquired and
chronic symmetrical cutaneous hyper melanosis. It is characterized by macules or
irregular spots of light brown to dark brown coloration in skin areas exposed to the sun.
It is distributed symmetrically on areas of the face, such as the forehead, lips, cheeks, and
chin. It may affect other body areas more rarely, such as the neck and chest (1).

Context: This review has no restrictions regarding the year of publication of the studies,
country of origin, or place where these treatments were investigated.

The complete strategy for each database is described in Complementary File 1 (<https:/
osf.io/54nkw>). This was elaborated using the following terms: Medical Subject Headings
(MeSH), Health Descriptors (DeCS), alternative terms, and keywords:

e MeSH: KA, Melanose, Adverse Effects;

e DeCS: Portuguese (Melanose, efeitos colaterais e reagdes adversas relacionadas a
medicamentos) and English (Melanosis, Drug-Related Side Effects, and Adverse
Reactions);

e Alternative terms for DeCS: Chloasma, Melasma, Adverse Effects, Adverse Event,
Adverse Events;
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ELECTRONIC DATABASE FOR STUDY IDENTIFICATION

The following databases were consulted: MEDLINE (PubMed), Embase, VHL, Scopus,
Cochrane Library, and Web of Science, without restricting year and language, through
December 2022.

OTHER RESEARCH RESOURCES FOR IDENTIFYING STUDIES

The search strategy has been adapted to grey literature, including Google Scholar, Open
Gray, the ISRCTN registry, ClinicalTrials, the Australian New Zealand Clinical Trials
Registry, the International Clinical Trials Registry Platform operated by the World Health
Organization, the EU Clinical Trials Register, the American Academy of Dermatology,
the British Association of Dermatologists, the Annual Meeting of European Academy
of Dermatology and Venereology, and the Annual Scientific Meeting of the Australasian
College of Dermatologists.

Manual searches were also performed in the references of the included studies to find as
much material as possible for this review.

ELIGIBILITY CRITERIA

The clinical application of KA either alone or in combination with the treatment of
melasma in both primary and secondary studies.

EXCLUSION CRITERIA

Studies that included participants with pigmentation disorders other than melasma or who
did not use KA as one of the therapies were excluded. In addition, in vivo and in vitro
studies, literature reviews, and charts were excluded.

ELIGIBILITY DETERMINATION

References were managed and selected by Rayyan software (10), where duplicates were
automatically removed. Two reviewers (R.V.B. and J.B.S.) independently evaluated the titles
and abstracts to verify whether they met the eligibility criteria. Subsequently, a complete
reading of the article was performed by the same reviewers, also independently, to confirm
eligibility within the guidelines described above. Discrepancies were resolved by consensus
by a third reviewer when necessary. Notably, the reviewers underwent a calibration process
before determining eligibility.

DATA EXTRACTION
The data from the included studies were extracted independently by two reviewers (R.V.B.

and J.B.S). The information was organized in Microsoft Excel. The same reviewers
performed the extraction of data independently. The discrepancies were resolved through
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discussion and consensus. The reviews were calibrated by extracting at least three documents
of different quality levels and reaching a consensus. This procedure was repeated until the
reviewers could correctly extract and standardize the data. For this scoping review, the
following data were extracted:

1. Study characteristics: country, study design, bibliometric information

2. Characteristics of the intervention: the pharmaceutical form of KA, concentration,
treatment duration, frequency of application, and associations

3. Outcome characteristics: reduced melasma severity, improved quality of life, and adverse
effects

RESULTS

The search was carried out in the data period and recovered 2,104 records. Of these, 562
were duplicated and removed, and 1,542 were screened by reading titles and abstracts.
Of these, 50 were included for full-text reading. In total, 24 studies were included in this
scoping review because they met the eligibility criteria. The study selection process is
described in Figure 1:

Studies recovered by searching
4 databases
o (n=2,199)
s PubMed (n=173)
o Base (n=191) ) .
=t BVS (n =71) Duplicate studies removed
i Scopus (n = 1,385) (n =1562)
a Cochrane (n = 52)
Other search resources (n = 327)
o . .
§ Selected studies for title and Studies excluded after reading the title
i abstra_ct reading > and abstract
4 (n=1,637) (n = 1,587)
3
>
E Selected studies for full-text
m reading >
3 (n =50) Studies excluded after reading the full text
=l (n=26)
= Exclusion reasons:
L | Unevaluated population of interest (n = 9)
o No access to full text (n = 8)
{ Unevaluated intervention of interest (n =7)
- Not interventional study design (n = 2)
% Studies included in the review
2 (n=24)
o
=

Figure I. Flowchart of the study selection process.
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The studies showed patients of both sexes, but most were female, representing 69.3% of the
population studied. Male patients represented 8.5%, and studies that did not specify the
gender of the participants corresponded to 22.2%. The mean total age was 40 years old,
with participants between 15 and 80 years. Regarding the design of the study, 10 were case
reports and 14 were randomized clinical trials; of the latter, 3 studies were split-sided. Most
of the studies included did not report or did not have funding. Only four studies declared
funding, two by research institutions and two by industry. As for conflicts of interest, either
they were not reported or there were none. The characteristics of the studies included in
this review are described in Table I.

Since 1996, there have been one to two studies that have used KA alone or in combination
with other agents or procedures in treating melasma; this number has been steady over
time. Except for 2013 and 2021, there were three and four studies published, respectively.
In 2022, no study was recovered through this scoping review. Graph 1 displays the studies
included in this review in chronological order.

The origin of the studies included in this review corresponds to several countries, with an
n=1 (Singapore, Egypt, France, Bangladesh, China, Iran, Mexico, and Indonesia). Brazil,
Portugal, and Pakistan verified an »=2 for each one. The countries with the highest
number of publications were Italy (z=3), the United States (z=3), and India (#=>5).
Figure II illustrates the regional distribution of the studies that made up this scoping
review.

Of the 24 studies included in this review, 4 used KA alone and 18 in combination. In
two studies, KA was used in the isolated and associated forms. As for the pharmaceutical
form, the cream was more described. The concentration of KA ranged from 0.75% to
10%. The mean treatment duration was 12 weeks, except in 4 studies, the study duration
was 6 months, 2 months, 18 weeks, and 8 to 36 weeks. All of the investigations detailed
a daily and nightly application schedule. The melasma area severity index (MASI) score
was used in the majority of studies to demonstrate a significant decrease in melasma spots.
Yet, only three studies reported an improvement in the participants’ quality of life. Of the
studies included, seven did not report adverse effects. Among the adverse effects, mild
ones including erythema, burning, itching, and irritation were observed. In studies using
isolated KA, the adverse effects reported were only erythema or redness, burning, itching,
and dryness. The characteristics of the intervention regarding pharmaceutical forms of KA
delivery, concentration, treatment duration, frequency of application, and adverse effects
are described in Table II.

Among the leading associations of KA in the formulations used by the studies included in
this review are AG, Arbutin, HQ, and vitamin C, followed by TXA, vitamin E, niacinamide,
and HEPES. Graph II describes the correlation between the number of publications and
the KA-related actives.

Adverse effects reported by the six studies that evaluated the use of KA alone in the
treatment of melasma were described as erythema or redness (2 = 2), burning (2 = 1), itching
(n=1), dryness (n= 1), flaking (z = 1), and burning (# =2). At the same time, two of these
studies did not report the occurrence of adverse effects. The percentage corresponding to
the occurrence of adverse effects related to the use of KA alone in the treatment of melasma
is described in Graph IIL
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Graph I. Chronological distribution of the studies included in this review.

DISCUSSION

MAIN FINDINGS AND COMPARISON WITH THE LITERATURE

Kojic acid is a natural substance produced biologically by various fungi and bacteria during
aerobic fermentation. It was discovered in Japan by Saito in 1907 from the fermentation of
white rice (koji in Japanese), which gave rise to its name KA. In 1955 Charles Pfizer and
Company in the United States announced the first attempt to manufacture this organic acid
industrially; the company patented the production and recovery methods. Subsequently,
with the growth of the cosmetics market, the use of KA commercially gained appreciation
(7,34). This scoping review looked at the number of publications over the years involving
isolated KA or in association with other actives or procedures in the treatment of melasma.
It was observed by this scoping review that the number of studies did not decrease over
time, even though this asset is not recent in the cosmetics field and has been studied in the
treatment of melasma for more than 20 years. In 2013, publications reached their high and
returned to growth in 2021.

Melasma is a common dyschromia with population prevalence that varies according
to ethnic composition, skin phototype, and intensity of sun exposure. However, it was
observed in this scoping review that the countries where the most studies occur are Italy,
the United States, and India, where only the latter is related to greater sun exposure by the
participants because of its tropical climate. In contrast, Italy and the United States have
temperate climates with warmer temperatures and lower sun exposure. Another important
observation is that only two of the publications included in this review came from Brazil, a
tropical country where the prevalence of melasma can range from 5.9% to 9.1%, according
to different regions of the country (35).

Of the 24 studies included in this review, 14 used MASI () or modified melasma area and
severity index (mMASI) (») as an instrument to measure the clinical response of the
therapies submitted. Two studies used MI as a measure of pigment evaluation. Regarding
assessing the quality of life, only three studies presented data using melasma quality of life
scale (MELASQol) (2) or dermatology life quality index (DLQI) (1). On the other hand,
seven studies did not describe a validated instrument or method to assess the clinical
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Graph III. Adverse effects related to the use of KA alone in the treatment of melasma.

response or quality of life. These data demonstrate the heterogeneity of scientific research
in clinical trials or case reports related to aesthetic dysfunctions or dermatology. Even with
validated and recommended evaluation instruments, some authors still need to use them
to make their results more reliable and comparable.

The evaluation of melasma’s clinical response may be correlated with pharmaceutical form,
KA concentration, frequency of use, treatment duration, and therapeutic associations. In
addition, the occurrence of adverse effects is also linked to the variation of these conditions.

Thus, in the studies that used KA in association with other actives or therapeutic resources,
it is possible to observe that the lowest concentration of KA (0.75%) occurred when it was
used in association with 2.5% vitamin C, presenting only erythema as an adverse effect.
The mean reduction in the MASI score was significant from the first week of treacment to
the end, in the 12th week (12). The erythema reported in addition to being related to KA
may be related to vitamin C, since they are among the expected effects for its application
as described since 1999 as ardor, erythema, and dry skin, easily treated with hydration (36).

On the other hand, no adverse effects were reported when the concentration of KA was
1% in association with monopolar radio frequency for transdermal administration of the
gel formulation with diverse agents associated (uva-ursi, arbutin, antioxidant agents such
as pineapple, green tea, Capparis spinosa extract, vitamin C palmitate, papaya, and aloe) and
also by the cream formulation of 1% KA, 3% TXA, 5% niacinamide, 5% hydroxyethyl
piperazine ethanerazazine (13,25). In the first study, a significant reduction in melasma
can be observed where the MASI score decreases after the first month and 6 months after
treatment. The same can be observed in the second study with a treatment period of 12
weeks, in which there was a significant reduction in the mMASI score since the beginning
of treatment (13,25).

When the formulation of 1% KA, 3% TXA, 5% niacinamide, and 5% HEPES serum was
used, the following adverse effects were presented: erythema, itching, redness, or burning.
The treatment lasted 12 weeks and resulted in a significant reduction in melanin index (MI)
scores. It is observed that the same concentration of previous studies and similar associations
was used, but with different demonstrations of the occurrence of adverse effects (2).
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In another study, 4 groups used 1% KA for 12 weeks. Adverse effects were grouped according
to the association used. The 1% KA cream showed burning (Group A); 1% KA and 2%
HQ creams showed burning (Group B); 1% KA, 2% HQ, and 0,1% betamethasone creams
showed acneiform eruptions (Group C); and finally, 1% KA and 0,1% betamethasone
creams were not reported to have an adverse effect (Group D). Group B had the best result
in the mean reduction of MASI score, followed by groups A, D, and finally, group C. Thus,
it is observed that even at low concentrations, i.e., up to 1%, KA presents significant results
in reducing spots and with few mild adverse effects even when in association with other
actives (27).

Some studies found no adverse effects even when 2% KA was administered and when
used isolated could demonstrate the cure of 79% of patients after 3 months (15). Another
study reported a significant MASI score reduction in 2 months of treatment with 2%
KA and 2% HQ cream. In this last case, it is questionable that there haven't been any
negative HQ-related adverse effects, although this could be observed because of the short
treatment. The association of 2% KA with octinoxate and allantoin in the gel for 3 months
of treatment described a statistically high and significant reduction in the MASI score (21).

Some adverse effects can be observed in other studies using a cream formulation of 2% KA
in association with 5% arbutin and 10% AG, reporting effects such as erythema, burning,
and irritation. Despite presenting adverse effects, there were satisfactory results in the MASI
score and MELASQoL score, with a significant reduction from the beginning of treatment
to the end, in 3 months (23). Effects such as redness, burning, and mild exfoliation were
reported through a treatment that lasted 12 weeks with the gel formulation of 2% KA,
10% GA, and 2% HQ. It resulted in an improvement in melasma from the fourth week
on, and two patients were eliminated. Over half of the melasma was eliminated in 60%
of the patients (32). In these cases, clinical response and adverse effects may be linked to
the combined actives. GA present in both studies has keratolytic action and can therefore
generate more significant irritation and even exfoliation (37).

The study that used 3% KA and 2% vitamin C cream (Group A) and 3% KA, 5% arbutin,
and 10% GA cream (Group B) experienced erythema and burning, while group B also
observed flaking and itching as adverse effects. As an average reduction of the MASI
score, group A had a more significant improvement than group B (11). The presence of
more effects was observed in the studies conducted also using a cream formulation of
3% KA combined with 10% GA, 2% arbutin, 2% depigmenting factor 174J/276-D, 2%
octyl metoxicinamate, 1% butyl metoxydubenzooilmethane, 0,3% titanium dioxide, 0,5%
EDTA dianhydride, 0,15% vitamin E, and 0,2% alpha-bisabolol. There were observed
adverse effects such as erythema, flaking, itching, local irritation, contact dermatitis, and
xerosis. According to this study, the affected areas were significantly reduced from the
initial assessment to the end of treatment, which was in the 12th week (17). Once again,
adverse effects might be associated with other agents used in therapeutic combinations,
including GA (37).

Employing a higher concentration of KA such as 6% with 12% HQ and 5% vitamin C,
common unfavorable effects such as erythema and flaking were observed, as well as less
common ones like telangiectasia and atrophy. Such effects might be expected due to the
high concentration of components and the long treatment duration, which lasted about 8
to 36 weeks. The MASI mean was significantly reduced (30). In this situation, it would be
crucial to compare the outcomes with those obtained with lower amounts. However, due to
heterogeneity, such a comparison is unfeasible.
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The highest concentration of KA was 10%. However, it was applied in peeling
in association with 50% AG and in a gel formulation. For daily use, the highest
concentration was 6%. It presented an adverse effect of mild erythema and mild flaking,
expected by the high concentration of the agents used. The duration of treatment was 3
to 6 months, with application every 2 weeks, resulting in 30% of patients with complete
reduction of melasma, 60% of patients with partial reduction, and 10% without any
reduction of melasma. However, it was not using any validated instrument to evaluate this
clinical response, so the results are subjective and cannot be compared to other studies (31).

In some studies, the concentrations of KA used were not reported. KA cream was associated
with an oral TXA capsule and presented adverse effects such as abdominal cramps and
oligomenorrhea, which are indeed related to oral treatment with TXA and unrelated to
KA. To corroborate this explanation, in the same study, another group used isolated KA
cream and related only erythema and dryness as adverse effects. The outcomes achieved
considerably lowered the MASI score for both groups after 3 months of treatment. The
improvement in the first group was higher due to the association with TXA. However,
the cost-benefit of this association should be assessed due to the risk of systemic adverse
effects (16).

Erythema was also one of the adverse effects found using KA, arbutin, Sepiwhite™,
and Achromaxyl™ cream. The concentrations of the agents used were not reported. In
addition to erythema, brushing, burning, and flaking were also reported. As a result of the
MASI score and MELASQoL, they had a significant mean reduction during the 90 days of
treatment (19). KA, HG, and GA creams were used, also without the concentration reported,
and similar adverse effects such as erythema, flaking, burning, and itching were observed.
After 12 weeks, a slight reduction in the MASI score occurred (22). Erythema, pruritus,
irritation, and skin dryness were reported using KA, HQ, GA, and vitamin E creams.
In this case, the DLQI score significantly reduced with each visit from the beginning of
treatment until 3 months, which was the end of treatment, indicating an improvement in
quality of life (28). When the application of KA gel was studied, adverse effects such as
burning and flaking were observed within 3 months of treatment, and only 28% of patients
had an improvement (29). Finally, mild irritation was reported with the formulation of
KA, azelaic acid, alpha arbutin, Glycyrrhiza glabra extract, and ascorbic acid cream, and
had a significant MASI score reduction after 1 month from the beginning of treatment
and remained 1 month after the 12 weeks of treatment (24). A similar formulation of KA
cream, emblica extract, and GA did not report adverse effects but showed a statistically
significant improvement in uniform tone, texture, hyperpigmentation, brightness, size, and
intensity (20).

In another study using KA cream isolated with unreported concentration, 40% of the
patients had a slight improvement, 35% showed a moderate improvement and 20% had
a noticeable improvement. There was a very marked improvement in 5% of these (26,33).
Daytime use of KA and vitamin A cream, and night cream of KA and AG, showed no
adverse effects over the 90 days of treatment and had a significant reduction in the MASI
score and a mean mMASI (20).

Among the most described associations are GA (50% and 10%), Arbutin (5%, 2%, and 1%),
HQ (12% and 2%), and vitamin C (5%, 2.5%, and 2%). Using KA with high concentrations
and other substances showed promising results in reducing melasma. On the other hand, a
higher occurrence of adverse effects was already predicted because each associated activity
has several expected adverse effects.
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Most of the studies described the daily nocturnal application, except for the studies that
did not report the frequency of application (15,16,28,30). And when KA was associated
with weekly radio frequency or applied as a peeling fortnightly (13,31). The duration of
treatment, in general, was 12 weeks; 11 studies showed improvement in the reduction
of spots by reducing the MASI score at the end of this period. In addition, six studies
demonstrated improvement in the MASI score in the first weeks of treatment.

Hence, the claims of more significant adverse effects could be directly related to the increase
in concentration. Only burning happened when KA was used at 1%; reports of redness,
burning, and itching occurred when its concentration was increased to 4%. However, it is
impossible to confirm this statistically since the included studies have low methodological
quality and need to correctly describe the incidence of adverse effects. The improvement
of melasma observed by all investigations independent of KA concentration is a crucial
feature to take into account. However, more studies should be conducted with more
homogeneous or standardized evaluation criteria to establish a proportionality relationship
between MASI reduction.

STRENGTHS AND LIMITATIONS OF THE STUDY

The strengths of this scoping review include the high methodological rigor, the publication
of a previous protocol, the use of explicit eligibility criteria, broad and complex research in
databases and other records, and the selection and evaluation of studies by independent and
standardized reviewers.

The studies included are a limiting factor for the results observed due to their methodological
quality and heterogeneity in reporting the results of safety and efficacy. It is also worth
mentioning that most studies did not consider the patient’s quality of life as an evaluation
of the participants, a critical outcome for this clinical condition. The findings related to
the safety and efficacy of KA were similar to the previously published studies, suggesting,
based on the available emerging evidence, that it may be safe and effective in treating
melasma.

IMPLICATIONS FOR RESEARCH AND CLINICAL PRACTICE

The present scoping review observed the association of KA with several actives, but more
was needed concerning its association with aesthetic procedures. Thus, the results gathered
in this review can serve as a guide for new publications, generating new research questions
and demonstrating where the limitations of studies already published are and, consequently,
the knowledge about the clinical application of these formulations in treating melasma.

Other reviews available in the literature address the use of KA, but not when specifically
used in the in-depth treatment of melasma, or approached through reviews without
methodological rigor as a scoping or systematic review (4,7,38,39). This scoping review
contributes as a guide to the clinical application of KA by presenting results of several
studies published over more than 20 years, which demonstrate that the application of KA
alone or in therapeutic association produces significant results in reducing the severity of
spots and improving the quality of life associated with melasma. Thus, it can guide the
prescription of concentrations, treatment duration, and associations according to the results
presented and the adverse effects reported.
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CONCLUSION

Using KA alone or in a therapeutic combination significantly reduces the severity of spots
and improves the quality of life associated with melasma. Even though it presents good
results when used in isolation, the association with GA, arbutin, HQ, and vitamin C
generates more promising results. The pharmaceutical form and frequency of application
are well elucidated for gel, cream, or serum for nocturnal application. In addition, treatment
should be continuous, as melasma tends to go into remission. The KA concentration has not
been established because it was reported from 0.75% to 6% for daily application. Further
studies should be carefully elaborated using all specific analysis methods for melasma,
MASI, mMASI, MI, and MELASQol, generating robustness and comparability among
clinical trials.
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Supplementary Material 2.
Detailed search strategy.

Electronic database and other research
resources

Search strategy

MEDLINE (PubMed)

BVS

Embase

Escopus

Cochrane Library

Google Scholar, Open Gray, the ISRCTN
registry, ClinicalTrials, the Australian New
Zealand Clinical Trials Registry, the World
Health Organization International Clinical
Trials Registry Platform, the EU Clinical
Trials Register, the American Academy of
Dermatology, the British Association of
Dermatologists, the European Academy of
Dermatology Annual Meeting, and the
Annual Meeting of the Australasian College
of Dermatologists

(“kojic acid”[All Fields}) AND (“melanosis”{MeSH
Terms} OR “melanosis”{All Fields} OR “melasma”{All
Fields} OR “Chloasma”[All Fields})

(“kojic acid”[All Fields}) AND (“adverse effects”[MeSH
Subheading} OR (“adverse”[All Fields} AND
“effects”[All Fields}) OR “adverse effects”{All Fields}
OR “Drug-Related Side Effects and Adverse
Reactions”[All Fields})

“kojic acid” AND (melasma OR chloasma OR melanosis)

“kojic acid” AND (“adverse effects” OR “adverse event”
OR “adverse drug reaction”)

(“kojic acid” OR (kojic AND (“acid”/exp OR acid) AND
(“chloasma”/exp OR chloasma) AND (“melanosis”/exp
OR melanosis)

“kojic acid” AND (“adverse event” OR “adverse drug
reaction”)

“kojic acid” AND (melasma OR chloasma OR melanosis)

“kojic acid” AND (“adverse effects” OR “adverse event”
OR “adverse drug reaction”)

Kojic acid AND Melasma

Kojic acid

Melasma

Kojic acid AND Melasma

Kojic acid

Melasma

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



JOURNAL OF COSMETIC SCIENCE

130

(ponuzzuo?y)

*159193UT JO UOTIUIAIIIUT PIIBN[BASU[)
*3X23 [[0J 03 $$9208 ON|
‘uS1s9p Apnis [BUOIIUIAIIIUT JION

1X33 [[NJ 03 $S330e ON]

*3X33 [N 03 $$3008 ON]

'159193UT JO UOTIUIAIIIUT PIIBN[BAIU[)
"359391u1 Jo uonendod parenjeasun)
"359391u1 Jo uonendod parenjessun)
*359393u1 Jo uonendod pajenfeasu)
*1X33 [N 03 $$3008 ON]

‘359393u1 Jo uonendod pajenfeasun)
3s9193u1 jo uorreindod pajenjeasun)

"359391u1 Jo uonendod parenfessun)

"159193UT JO UOTIUIAIIIUT PAIBN[BAIU[)

*30813%9 J9qeds sndiedesrA pue 3108I3X3 1003 2o130nbry
‘arearwaredrp o1foy SuTuTeIV0D WeaId FUTUIYSI[-UIYS B JO ISN I93J8 BWIIPOINIT
"1U2WILIT) PAUIqUIOD MAU Y :PIde J1(ox pue pIoe JIJod4]0)
'SO132WIS0D UT Pasn se p1de 10y Jo 1uawssasse A1aJes ay3 Jo 110das [eur
“Apnas Teorurpd aanesedwod ‘aoe)
111ds y rewse[aWw Jo 1UAWILIII Y2 UT pIde DI(0Y JO AIIAT[PP SnIp paisisse-Iase]
3oureS wnurwne wnik padop-wniqis euoridel) jo £5ed21J2 9Y3 JO UOIIBN[BAT
‘Ten

93e}-311ds ‘aandadsoid 53uad o[Surs v :ewse[awWw J0j pIoe d10y pue ‘SprwIeUIdEIU

‘p1o® JTWIEXaULII JO AJOAT[IP PaIsisse-Iase] JO AJedJo pue 2dULIS[03 93 SulIen[eAq
“BWISE[IW
it syuaryed ur weard SuruaySiiq-urys 9a1j-auouinboipAy [aaou ® jo Adedyyq
's1onpoid a1ed urys ul proe d1{oy 01 4S9 108IUOD)
“BTWIOIYISAp [e1doe] yarm s1dafqns
STewWaJ UT PIoe D103 YIIM 10BIIXD BII[qUId JO duoumboIpAy 1ay3ra Surureiuod
s1onpoid urys om1 Jo 2dULIa[01 pue AJdJD Y3 JOJ uoneNn[eAd Iarreredwon)
"90®J 2Y3 UO 3323} 1uawS1d I[1U3s JOJ 108IIXD 2O1I0II]
31qn{os-T10 pue p1de J1{0y FUIUIEIUOD WEaId TUTUIIYM JO UOIIBN[BAD [BIIUID)
‘urys ay3 jo uonresuawFidiadAy
U0 1DBIIXd 2D110D1] pue proe d1foy SUTureIuod wead & Jo UOIIBN[eAd [edIUI[)
‘p1oe J1{0y WoJj SIIIIBWIIP 108IV0D JITII[Y
‘Proe J1{03] 03 aNP STINIBWIIP IDLIV0D JITId[Y
‘proe o1{o3 03 anp 0STIIIA [EdTWALD JO ISLd Y
“BLUSB[SW JO 3USWILII 3Y3 UT syuage Sunuswsidap
PU® SPIOUTIAI JO UOTIBUIQUIOD MAU © JO 2DULII[0I Pue AIeIYJD 23 JO JUIWSSISSY

0107 ‘powyy ‘erreSoypepy
6661 77 12 BSSI[[210D)
010C 77 12 nauvang

120¢ “39sseX Twieyq-Ty

1202 77 42 37ed

‘110Z ‘voag ‘pjoo

C661 ‘Temey] (remey] ‘emeSedeN

600 “¥odeysiex ‘ofesaiQ

000¢ ‘epeIeH

000T ‘0ud3I

L00T ‘eseaewe)) ‘0qui], {YdLIp[eg-eiIasg
610C ‘uiaen-eRIED ‘0ZIIaNbeA -BIS(a],

010C 1SS0y ‘oI01UEg fydIsseany

$10¢ ‘uor[ zouswif ‘oPnydniy,

SUOSEDT UOISNIXF

OPLL

Je9) /JOYINY

(81 = #) [0 urT wayd SUTPLaT I91E ‘SAIPNIS JO TVOISNIXD YD JOJ SUOSET JO ISIT
¢ Tesarey Areyuswsddng

SCC MediaLibrary & Resource Center (library.scconline.org)

Purchased for the exclusive use of nofirst nolast (unknown)

From



131

APPLICATION OF KOJIC ACID IN TREATMENT OF MELASMA

‘auey3a aurzesadid[AyradxoipAy pue ‘proe difoy ‘Oprweuderu
[3arm pIoe drwexauesl Suruiquod voneluawsidiadAy soy vorrenwiog 1esrdos

'1S2J91UT JO UOIIUDAIIUT paten[eadu() e Jo JA 01 AT sadAioroyd urys ur Aariqesajor pue £5ed139 Jo uorien[ead aardadsorq 020¢ ‘weiepung
"URIPU] JO SasOuUR[aW [e1dB] JOJ auofe [9ad p1oe JIJ0JA[S 94 ¢ snsiaa [9ad

*3S9J93UT JO UOIIUAJIIUT PIBN[BAIU[)  PIJB JI[0IL[S 94 C¢ YIIm UOISBIQRWIIPOIIW JO UOIIRUIqWOD U0 Apnis aanreredwon) ¢10C ‘eAdeyrurwieue ‘BYIBWERA

'159193UT JO UOTIUIAIIIUT PIIBN[BAIU[) '33'] U0 sa[ndew paiuswFidiadAy yiim urwom pro-1eak-9¢ y 610C ‘B[BYMIYIOY] ‘IYSY

*1S2121UT JO UOTIUIAIIIUT PAIBN[BAIU[) ‘sowodIno ewse[aw azrwido 01 Adesayy voneurquod Surzinn $00Z ‘vopuay

'1X23 [[NJ 03 $S2D0B ON] "BUISE[AW JO JUIWILAI] JOJ sa1npadoid snorrea pue juaSe uoneurquod-a1din e jo asn) 6007 ‘zaruaag ‘uopuay
‘UOIIBN[BAI J1IIDWIIO[0D pue

"3X93 [[NJ 03 $$330B ON] [eIIUI[D) “PIde d1f0y pue 315813X3 2d1I0nbI] ‘GuoumboIpA}] :BwWSse[oW JO 3USWILAII Y, 9661 1SS0y ‘0dUB[g ‘ydIsseIn]
JuaWILIII

“359393u1 Jo uonendod pajenfeasun) Sporp Sunarws ySs1| Suisn JA pue A sad£3 urys uo rwse[daW JO JUSWITeUBW AT, ‘107 ‘osweyeiqy ‘euejody

"3X93 [[NJ 03 $$3I0' ON ‘s19pIosip AreruswS1d [erde) snorrea uo uonedriidde proe d1foy jo 3199330 Ay T, Y661 77 12 ewekeseN

‘uS1s9p Apnas [BUOIIUIAIDIUT JION ‘proe 1oy yarm proe AxospAy-eydye pue proe 1024 :sppadordrw erdyiadng S661 “SHIT ‘URL ‘ST
19Uy 31|

*359193u1 Jo uorrerndod pajen[easu)  UTYS B JO 323JJ2 apIs [edrxopered y :p1oe d1(03 01 AN SIITILWIAP 108IVOD PAIUIWSTIJ 0102 ‘77 12 UIABD-BIDTRD)
‘3130da1 2sed Y :201n0s 1yS1] pasnd

"359393u1 Jo uonendod pajenfeasu) asualUT YIIM sUOISI] paruadwSidiadAy Surrean Aq swaieasoy aya Jo uorreUAAN(aI0I0YJ €00 ‘onepy
*SIOPIOSIP

"1X93 [[NJ 03 $s930' ON]  AreauawSid snorrea Jo 3uswiesad ay3 Joj weasd unmbiy pue proe o1{oy Jo SIMIXIN S10C ‘77 12 BNy

SUOSEIT UOISN[IXF I, JBIX /I0YyINYy

(81 = ) [[0J uT woyd SUIPeas J91Je ‘SAIPNIS JO UOISTIIXD AU JOJ SUOSEAT JO ISIT
¢ Tewrarey Ayeruswsrddng

SCC MediaLibrary & Resource Center (library.scconline.org)

Purchased for the exclusive use of nofirst nolast (unknown)

From



Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



