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ABSTRACT

Introduction: Melasma is a chronic and recur-
rent skin problem for which an effective ther-
apy is currently lacking. Platelet-rich plasma
(PRP) has recently emerged as a novel treatment
for melasma, but to date there has been no
systematic evaluation of its efficacy and safety.
Methods: The Web of Science, PubMed,
EMBASE, China National Knowledge Infras-
tructure (CNKI) and the Cochrane Library
databases were searched for relevant articles
using the search items ‘‘melasma,’’ ‘‘chloasma’’

and ‘‘platelet-rich plasma.’’ STATA version 15.1
software was used to analyze data. Study out-
comes were calculated using standardized mean
differences with 95% confidence intervals (CIs).
Results: The database search identified ten
studies involving 395 adult patients that met
the inclusion criteria and were included in the
meta-analysis. Analysis of pre- and post-treat-
ment data from these studies revealed that the
post-treatment modified Melasma Area and
Severity Index (mMASI) score decreased by 1.18
(95% CI 0.89–1.47; p = 0.02). Subjective satis-
faction evaluation of PRP treatment showed
that melasma treated with the combination
therapy of PRP ? microneedling may have been
the most efficacious treatment compared to PRP
alone or in combination with intradermal
injection. Adverse reactions were minor, with
only a few patients reporting local congestion,
temporary erythema, hyperpigmentation and
discoloration.
Conclusion: These results support the efficacy
and safety of PRP used in combination or alone
as treatment for melasma.
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Key Summary Points

Why carry out this study?

Platelet-rich plasma (PRP) has recently
emerged as a novel treatment for
melasma.

To date, there has been no systematic
evaluation of the efficacy and safety of
PRP as a treatment for melasma.

What was learned from the study?

This study showed PRP is a safe and
efficient treatment for melasma.

The combination of PRP and microneedle
showed the more promising results for
melasma treatment.

INTRODUCTION

Melasma, also known as ‘‘chloasma’’ or ‘‘swarthy
spots’’, is a common pigmentation disease,
mostly presenting as yellowish-brown patches
on the face. It commonly occurs in middle-aged
women. The etiology of melasma is complex,
and related studies have shown that ultraviolet
radiation, estrogen level, vascular hyperplasia
and skin inflammation are inducing factors
[1–3].

As melasma is stubborn and prone to relapse,
a variety of treatments have been tried, but
often with inconsistent results [4, 5]. Topical
bleaching is a common treatment, but is often
insufficient. Treatment with intense pulsed
light or laser has shown conflicting results and
certain side effects, such as hyperpigmentation,
skin redness and scarring [6]. Previous studies
have revealed that melasma is a disease that not
only encompasses melanocytes, but also
involves derma factors of photoaging [7, 8]. As a
result, conventional therapies which focus only
on melanosomes or melanocytes may not be
sufficient in removing the disease.

Platelet-rich plasma (PRP) is defined as a
small volume of autologous plasma that con-
tains a high concentration of platelets, i.e. well
above normal levels, obtained by centrifugation
of autologous blood and subsequent suspension
of platelets [9]. PRP has been used in the treat-
ment of alopecia, hyperpigmentation, acne and
other skin diseases [10]. It is well known that
the platelet alpha granules in PRP are rich in
growth factors, such as platelet-derived growth
factor (PDGF) and transforming growth factor
(TGF)-b1 and TGF-b2 [11], which are associated
with collagen production, wound healing and
homeostasis control.

Recent studies have reported promising
results of PRP in the treatment of hyperpig-
mentation [12–15]. However, to date there has
not been a comprehensive and systematic
evaluation of the therapeutic effect of PRP on
melasma. We have conducted a systematic
review of the literature, with the aim to study
the efficacy and safety of PRP in the treatment
of patients with melasma when used alone or as
an adjuvant therapy and hopefully provide new
clinical evidence for the treatment of melasma.

METHODS

The procedure used to conduct this systematic
review and meta-analysis conforms to the
PRISMA (Preferred Reporting Items for System-
atic reviews and Meta-Analyses) statement [16].
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Database and Search Strategy

Two investigators independently searched the
Web of Science, PubMed, EMBASE, China
National Knowledge Infrastructure (CNKI) and
Cochrane Library databases for original studies
that had been published up to and including 23
June 2021, with no language limitation, using
the main search terms of ‘‘melasma,’’
‘‘chloasma’’ and ‘‘platelet-rich plasma.’’ The
search strategy is described in detail in Elec-
tronic Supplementary Material (ESM) Table S1.
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Inclusion and Exclusion Criteria

Inclusion and exclusion criteria were estab-
lished by two of the authors (LZ and MH) who
assessed each article independently. The inclu-
sion and exclusion criteria are described in
detail in ESM Table S2.

Data Extraction

All relevant data in the included studies were
independently extracted by two authors (LZ and
MH). Detailed information extracted from these
studies are presented in Table 1, including the
first author’s name, publication year, countries/
regions, sample size, mean age of the subjects,
the treatment type and follow-up period, pri-
mary outcomes and adverse reaction(s). All
disputes over data were resolved through
discussion.

Quality Assessment

The quality of the eight studies included in the
meta-analysis was assessed using the Cochrane
risk-of-bias tool (see ESM Fig. S1) in Review
Manager (RevMan) Version 5.2. Most studies
used controlled experimental designs, but many
did not implement strict blind methods or
allocation concealment. The outcome data of
each study were relatively complete. In sum-
mary, the overall quality of the included studies
was moderate.

Statistical Analysis

STATA version 15.1 software (StataCorp, Col-
lege Station, TX, USA) was used in the data
analysis. Our main outcome indicator of the
efficacy of PRP for the treatment of melasma
was the difference in the modified Melasma
Area and Severity Index (mMASI) score before
and after treatment and subjective assessment
of this efficacy. We used a random-effect model
to analyze the data, and heterogeneity in
pooled studies was tested using the v2 and I2

tests [17, 18] and categorized into three levels
based on the results (low heterogeneity:

I2\25%, moderate heterogeneity: I2 = 25–75%,
high heterogeneity: I2[75%). Subgroup anal-
ysis and meta-regression including six potential
factors (sex, location, treatment type, publica-
tion year, age and length of follow-up) were
performed to assess the presence of hetero-
geneity in the included studies. A sensitivity
analysis was conducted to reflect the impact of
individual studies on the overall results. Poten-
tial publication bias of included studies was
assessed using Begg’s and Egger’s tests. p val-
ues\ 0.05 were considered to indicate statisti-
cal significance for all analyses.

RESULTS

Search Results

A comprehensive and detailed search of the
Web of Science, PubMed, CNKI, EMBASE and
Cochrane Library databases identified 31 stud-
ies; this number was reduced to 16 articles after
duplicate articles were removed. Following a
detailed study on all the titles and abstracts of
these 16 articles, we eliminated two clinical
trials that had not yet completed reporting
results. The remaining 14 full-text studies
were evaluated for whether they met the inclu-
sion criteria. A further four articles were exclu-
ded for the lack of essential information.
Ultimately, ten studies were included in the
data integration for MASI scores and subjective
evaluation [19–28]. The inclusion and exclusion
process of the studies is shown in Fig. 1.

Study Characteristics

The main characteristics of the included studies
are presented in Table 1. The year of publication
ranged from 2018 to 2021. In terms of study
design, there were four RCTs [19–22], three
split-face trials [23, 24, 27] and three self-con-
trolled trials [25, 26, 28]. Thelocations of these
trials were China (3 trials), India (2 trials), Egypt
(3 trials), Thailand (1 trial) and Pakistan (1 trial).
The studies taken together included a total of
395 patients with melasma. All of the included
cases/patients were adults, 90% of whom are
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women. Melasma severity was assessed by the
MASI and subjective evaluation (2 studies with
the mean MASI score, 7 studies with the mMASI
score, 8 studies with the subjective evaluation).
Three therapeutic regimens were used for PRP
treatment: microinjection (1 study), micro-
needling (2 studies), intradermal injection (8
studies). The treatment time ranged from
approximately 4 to 12 weeks.

Effects of Interventions

Analysis of Change in MASI Score
Nine studies reported a reduction in MASI score,
defined as the difference in MASI score pre- and
post-treatment. For studies with combination
therapy, we approximately evaluated the effi-
cacy of PRP treatment alone by subtracting the
efficacy of the control group. Regarding PRP
treatment for melasma, the standardized mean
reduction in mMASI score was 1.18 (95% con-
fidence interval 0.89–1.47; p = 0.02;
I2 = 54.8%), as shown in Fig. 2. To assess a
potential explanation for the moderate hetero-
geneity (p = 0.02; I2 = 54.8%), we conducted a
sensitivity analysis, a subgroup analysis and
meta-regression analysis. The sensitivity analy-
sis showed that the analysis was stable except
for one study [25]; the heterogeneity test results
after removing this study were I2 = 0%,
p = 0.492. After removing this study from the
analysis, we found no significant differences
between the subgroups as well as the smallest
p value (0.4; p[0.05 (ESM Table S3). The meta-
regression analysis also suggested no differences
in publication year, age and time of treatment
(publication year: p = 0.778; age: p = 0.419;
duration of treatment: p = 0.421). Finally,
Begg’s (p = 0.92) and Egger’s (p = 0.95) tests
indicated that publication bias cannot be
considered.

Analysis of Subjective Evaluation
As mentioned earlier in this article, the subjec-
tive evaluation includes the doctor’s evaluation
of the treatment efficacy and the patient’s own
satisfaction with the treatment. We calculated
the average value of the subjective evaluation
data included in each group and plotted it in
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Fig. 3. Overall evaluation of the efficacy of PRP
revealed that nearly one third of the partici-
pants had an excellent response and two thirds
reported a high satisfaction level (including
‘‘excellent’’ and ‘‘satisfied’’); the the rate of poor
response was 9.1% (Fig. 3a). We then compared
combination therapy with PRP for melasma
with treatment with PRP alone; the results

showed that patients showed a higher subjec-
tive satisfaction with combination therapy with
PRP than for treatment with PRP alone, with the
combination of PRP ? Q-switched laser receiv-
ing the highest satisfaction level, at 79.5%
(Fig. 3b). Finally, we compared the subjective
efficacy of microneedling and intradermal
injection of PRP; this analysis showed that PRP

Fig. 1 PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flowchart of the selection of articles
on platelet-rich plasma in the treatment of melasma
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microneedling therapy received a higher satis-
faction rating and had a higher excellent effi-
cacy rate than PRP ? intradermal injection (34.5
vs. 26.3%) (Fig. 3c).

Analysis of Adverse Reactions and Recurrence
No serious adverse events were reported in any
of the included studies. Adverse reactions
include local congestion, temporary erythema,
hyperpigmentation and discoloration, all of
which are few and generally mild. Observations
at 3 months of follow-up showed that the
average recurrence rate in the studies was about
5%. Two the studies [25, 28] mentioned a longer
period of observation, all of which showed
stronger benefits and did not affect our final
conclusion.

DISCUSSION

This meta-analysis of ten studies that involved
395 adults in clinical trials on PRP therapy,
either in combination with other therapy or

alone, showed a significant reduction in mMASI
score from pre-treatment to post-treatment. The
overall efficacy evaluation of PRP showed that
patients or doctors had a high degree of satis-
faction with the treatment of melasma by PRP.
In addition, the PRP in combination with other
therapies, microneedling in particular, received
higher subjective satisfaction rating than PRP
treatment alone and in combination with
intradermal injection.

Previous studies have shown that TGF-b1 in
PRP can inhibit melanin synthesis by delaying
activation of extracellular signal-regulated
kinase [29]. Concomitantly, PDGF in PRP may
also lead to increased skin volume (angiogene-
sis, collagen synthesis and extracellular matrix
formation), resulting in reduced pigmentation
and skin luster [14]. It has also been determined
that the levels of leukocyte differentiation
antigen-4, interleukin-17 and cyclooxygenase-2
are higher in patients with melasma than in
normal control [30]. Thus, it can be speculated
that the curative effect of PRP is not only related
with pigment metabolism, but also with its

Fig. 2 Forest plot showing the comparisons of the change
in Melasma Area and Severity Index (MASI) score post-
and pre-treatment in nine studies on treatment with

platelet-rich plasma (PRP) alone. CI Confidence interval,
SMD standardized mean difference
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multiple repair function, its antibacterial or
anti-inflammatory effect and its skin impercep-
tible blood-vessel remodeling function, all of
which play a role in the several major pathology
and pathogenesis of melasma, namely impaired
skin barrier function, inflammation [31], pig-
ment metabolic disorders and vascular changes.

PRP is a relatively new strategy in the treat-
ment of melasma. To our best knowledge, this
paper is the first systematic review and meta-
analysis of PRP for melasma. Our research has
three main advantages: First, we have compre-
hensively and systematically evaluated and
analyzed the role of PRP in the treatment of
melasma by using publication bias, regression
analysis, subgroup analysis and mean subjective
evaluation methods. Second, we rigorously
included articles, extracted, analyzed and
grouped the data by two individuals, and
selected the most common and reliable MASI
scoring method [32] to achieve a relatively
small heterogeneity among included studies.
Third, the studies we included were all very
recent studies, with publication dates concen-
trated between 2019 and 2021.

Among the studies included in our meta-
analysis, there was one study [25] with greater
heterogeneity compared with the other studies
that achieved a more obvious efficacy with PRP
microneedle injection. Microneedles provide a
minimally invasive and painless route of drug
delivery by forming microchannels in the skin
to enhance the penetration of active substances.
It has already been used to treat skin conditions,
such as wrinkles, acne scarring and discol-
oration, as well as to help facial rejuvenation.
Combined with the results of subjective efficacy
evaluation, we have reason to believe that
microneedling may be a good route of PRP
administration.

bFig. 3 Analysis of subjective evaluation. a Overall evalu-
ation of the efficacy of PRP according to satisfaction level
of subjects. b Difference in the proportion of subjective
satisfaction ratings between PRP in combination therapy
and PRP treatment alone. c Difference in the proportion
of subjective satisfaction ratings between microneedling
and intradermal injections of PRP
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In terms of improving treatment with PRP,
we can try to improve or develop new admin-
istration routes of PRP to facilitate its clinical
application. For example, a recent study repor-
ted that a single-hand synchronous application
of PRP and microneedling by attaching a derma
roller with a 5-ml pipette secured by a sterile
micropore tape [33]. Another recent study [28]
showed that PRP significantly outperformed
tranexamic acid in treatment for melasma from
week 4 through week 24, suggesting that PRP
therapy may be superior to other procedures;
however, more randomized controlled studies
are needed to confirm this. In addition to
regaining a more balanced and stable complex-
ion, many patients with PRP also have
improved skin quality, including wrinkle levels,
elasticity and skin hydration [23, 34]. Therefore,
it would be valuable to offer a more personal-
ized combination therapy to patients who want
to treat melasma and improve skin quality
simultaneously. In terms of mechanism study,
it is meaningful to study the upstream and
downstream molecules interacting with TGF-b
in melasma, such as transcription of activating
protein-1, PAX3, p53, MITF, tyrosinase-related
protein 1 and tyrosinase [35].

There are a number of limitations associated
with this meta-analysis. First, some of the
included studies were of different duration and
used treatment modalities of PRP. Second, not
all of the included studies were strictly ran-
domized controlled designs, which leads to
reduced credibility in their results. Third, the
MASI score of patients may be affected by a
number of subjectively observed differences in
the grading process. Fourth, due to insufficient
data in the literature, we cannot determine the
influence of melasma type or severity on the
therapeutic effect of PRP.

CONCLUSIONS

Our research validated that PRP is a safe and
efficient treatment for melasma. Used both
alone and in combination therapy, PRP treat-
ment achieved a significant reduction of the
MASI score while only incurring mild adverse
reactions. Based on subjective satisfaction

evaluation of PRP, combining the use of
microneedling with PRP may have better effi-
cacy in melasma treatment than PRP alone or
combined with intradermal injection. As PRP in
the treatment of melasma is a novel concept, in
order to provide new reliable methods for the
treatment of melasma, more high-quality ran-
domized controlled clinical studies are needed
to verify our conclusions.
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