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those occurring during pregnancy or hormonal contracep-
tive use, as well as by sun exposure and genetic factors [2].

The exact mechanism of TA action remains under inves-
tigation, but one possible explanation is that it inhibits mel-
anin production, which is often overproduced in patients 
with melasma [2, 3]. TA can help lighten dark patches and 
improve the overall appearance of the skin by reducing mel-
anin production. Furthermore, when administered orally or 
topically, TA may help control melasma owing to its anti-
inflammatory and skin-brightening properties [2, 3].

Recently, randomized controlled trials (RCTs) have been 
conducted worldwide to evaluate the efficacy of applying 
TA in the treatment of melasma. The efficacy of this therapy 
has been extensively assessed through several systematic 
reviews and meta-analyses of these RCTs [4–7]. However, 
previously published meta-analysis that included only a 
limited number of eligible studies may have underestimated 
to the true effects [8–10]. Given the increasing number of 
RCTs on this topic, this updated systematic review and 
meta-analysis was designed to access a larger and higher-
quality dataset to provide more precise and reliable results. 
In this study, clinical data were systematically summarized 
and analyzed using meta-analysis techniques to provide 
an overview and statistical evaluation of TA’s therapeutic 
potential for melasma. Moreover, this study assessed the 
effectiveness of TA in improving the clinical symptoms of 

Introduction

Tranexamic acid (trans-4-(aminomethyl) cyclohexane car-
boxylic acid; TA) belongs to the class of antifibrinolytic 
drugs [1]. It is commonly used to treat or prevent excessive 
bleeding in various medical conditions, such as menstrual 
bleeding, nosebleeds, postoperative bleeding after dental 
surgery, and certain bleeding disorders [1]. Recently, TA has 
also been applied in the treatment of melasma, a common 
skin condition characterized by dark patches on the face [2]. 
Melasma is often triggered by hormonal changes, such as 
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Abstract
In this systematic review and meta-analysis of randomized controlled trials (RCTs), we investigated the efficacy and safety 
of tranexamic acid (TA) in treating melasma. Out of 546 articles initially screened, 63 RCTS met the inclusion criteria. 
The efficacy was evaluated using the meta-analysis’s standardized mean differences (SMDs). The analysis showed that 
oral TA significantly improved melasma severity in patients receiving long-term treatment, particularly by weeks 8 and 
12. Topical TA also demonstrated beneficial effects, with noticeable improvements in melasma indices starting from week 
8. Subgroup analyses further supported the effectiveness of TA in reducing MASI index across different treatment modali-
ties. Although some adverse events were reported, TA was generally well tolerated. This study suggests that TA should be 
widely applied in the treatment of melasma because of its significant improvements.
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melasma and evaluated the risk of TA-related side effects 
compared with the control groups receiving either routine 
treatment or placebo.

Materials and Methods

Literature Search Strategy

According to the “Preferred Reporting Items for System-
atic Reviews and Meta-analysis” (PRISMA) protocol 2009 
[11], this study performed a literature search on the efficacy 
of TA in the treatment of melasma and obtained relevant 
articles published until 2025. The registration number is 
CRD42023418180, which PROSPERO has approved. Eng-
lish language databases included the Cochrane Library, 
MedRxiv, PubMed, Elsevier, and EMBASE. The keywords 
used in the literature search included oral TA, topical TA, 
melasma, melasma area and severity index (MASI), mela-
nin index (MI), erythema index (EI), microneedling with 
TA, intradermal injection of TA, intralesional injection of 
TA, laser therapy with TA, and RCTs.

Study Selection and Data Extraction

Study Selection

All studies that investigated the efficacy and safety of oral or 
topical TA treatment for improving melasma symptoms-par-
ticularly focusing on reductions in MASI, MI, and EI scores 
in patients with melasma, were included in this study. All 
RCTs that included at least one participant and one matched 
participant in the control group were considered, provided 
that the positive effects of TA on melasma treatment showed 
no significant differences between comparable groups. Indi-
vidual studies with multiple trial arms were deemed eligible 
if they directly compared the control and treatment groups 
with the correct components included in the meta-analysis. 
These RCTs reported the results as the mean ± standard 
deviation (SD), regardless of whether it was the primary 
outcome. There were no restrictions regarding the type of 
treatment or control group, the route of TA administration 
(oral or topical), study designs, or geographical region. All 
the included articles were written in English.

This study excluded all non-RCTs related to TA use in 
melasma treatment (in vitro, in vivo, and cohort studies). 
Conference abstracts, reviews, presentations, animal stud-
ies, basic research articles, and articles not written in Eng-
lish were excluded from this analysis. Articles that were 
entirely or partially duplicated from different studies were 
also excluded, and in cases of duplicate publications, only 
the most recent one was included.

Data Extraction

Three independent reviewers screened each included RCT 
and extracted the data for a systematic review and meta-
analysis. The extracted data included the author’s name, 
publication year, region of study, trial design, number of 
participants, ages (years), treatment and control protocols, 
adverse events, and primary outcomes (mean ± SD values).

Meta-analysis

For all continuous outcomes, the mean and SD of the pre-
liminary results of each trial in the TA treatment and control 
groups were analyzed using a random-effects model and 
expressed as the standardized mean difference (SMD) with 
a 95% confidence interval (CI) [12]. SMD was obtained by 
dividing the mean difference (MD) between the two groups 
by the pooled variance and adjusting for small samples. If 
the value of 0 was not within the 95% CI, the pooled SMD 
was considered statistically significant at the 5% signifi-
cance level. SMDs were considered small, moderate, and 
large if the pooled SMDs were ≤ 0.2, 0.2−0.8, and ≥ 0.8, 
respectively [12]. The extent to which the observed vari-
ability between the studies was because of actual differences 
was quantified using the I2 statistic. Heterogeneity was con-
sidered small when I2 < 25%, moderate when 25−50%, and 
significant when > 50% [12]. A p-value ≥ 0.1 was consid-
ered indicative of heterogeneity, and potential publication 
bias was assessed using a funnel plot.

All analyses were performed using Review Manager [13] 
(version 5.3, Copenhagen: The Nordic Cochrane Centre, the 
Cochrane Collaboration, 2014).

Quality Assessment of Included Studies

The validities of eligible RCTs (risk of bias) were explored 
by assessing the bias of the random sequence generation, 
selective reporting, allocation concealment, blinding of 
participants, blinding of outcome assessment, and incom-
plete outcome data according to three levels (low, high, and 
uncertain) following the Cochrane guideline [13] in which 
low and high risk of bias may indicate a lack of information 
and uncertainty over the potential for bias, respectively [13].

Results

Characteristic of Included Studies

Figure 1 shows a flowchart of the screening process for qual-
ified studies. In this study, 546 publications were screened 
by searching their titles and abstracts in the aforementioned 
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databases. After carefully reviewing these articles on the 
efficacy of TA in melasma treatment (reducing MASI, MI, 
and EI values), 64 RCTs were selected for the quantitative 
meta-analyses.

Description of Included Studies

The clinical designs, geographic regions, participant char-
acteristics, treatment and control parameters, treatment 
durations, measurement outcomes, and adverse events of all 
64 RCTs randomly assigning patients with melasma to the 
TA versus routine treatment or placebo groups are briefly 
summarized in Table S1  (Supplementary Information I). 
These trials were conducted worldwide, ensuring broad 
geographic representation, including Oceania (n = 3), Asia 
(n = 47), South America (n = 4), and Europe (n = 10).

A total of 3,640 patients encountered in routine clinical 
practice typically presented with mild-to-severe melasma. 
The classification of melasma severity was based on three 
aspects: the extent of the affected area, intensity of pigmen-
tation, and homogeneity of distribution (Supplementary 
Information II) [14]. These investigations were performed 
using a variety of designs, including blinded RCT (n = 15) 
[3, 6, 15–27], prospective interventional RCT (n = 3) [28–
30], split-face RCT (n = 24) [4, 31–53], and open-label RCT 
(n = 22) [5, 54–74]. The effectiveness of oral and topical 
TA in melasma treatment was evaluated in 26 and 38 RCTs, 
respectively.

For oral TA, patients received 250 mg oral TA twice daily 
for at least four weeks. The control groups were treated with 
a triple-combination cream (fluocinolone acetonide 0.01%, 
tretinoin 0.05%, and hydroquinone 2%); placebo; or topi-
cal depigmenting agents such as hydroquinone, kojic acid, 
and azelaic acid 20% twice daily. Conversely, topical TA 
were administered at concentrations of 2%−5% and 4 mg/
mL, typically applied twice daily. The control treatments 
included 4−5% or 4 mg/mL hydroquinone or placebo (nor-
mal saline solution), while some studies also incorporated 
microneedling, intradermal injection, intralesional injec-
tion, and laser treatment.

The treatment durations ranged from 4 to 24 weeks, in 
which participants were commonly administered TA for 
approximately eight weeks (n = 18) [21–24, 26, 31, 32, 40, 
41, 46, 53, 57–59, 63, 69, 71, 73] and 12 weeks (n = 36) [4, 
5, 15–18, 20, 25, 27, 28, 30, 34–39, 42, 45, 47–52, 54–56, 
61, 62, 64, 66, 67, 70, 72, 74]. Three RCTs lasted about 4 
weeks [29, 44, 60]; one extended to 16 weeks [43], and five 
continued for approximately 24 weeks (n = 5) [3, 6, 33, 65, 
68].

Numerous clinical trials included follow-up measure-
ments after the treatment period, typically at 12 weeks, 
to assess the melasma recurrence [3, 5, 6, 15, 16, 20, 26, 
27, 31, 33, 35–37, 43, 44, 47, 49–52, 54–58, 65, 72, 74]. 
Participants who had received melasma treatments or laser 
therapy within 1–6 months before enrollment were not eli-
gible. Moreover, the use of topical/oral TA or other depig-
mentation agents (e.g., retinoids, steroids, hydroquinone, 

546 studies were identified through
electronic database searching in Cochrane (n
= 169), PubMed (n = 195), Elsevier (n = 155),

EMBASE (n = 25), MedRxiv (n = 2)

Potentially eligible studies after
duplicates removed (n = 151)

Records screen by title and abstract
(n = 96)

Articles related to the medical application
of OH (n = 84)

Eligible studies for treatment systematic
review and included in quantitative
synthesis meta-analysis (n = 64)

Ineligible studies (n = 55)

Irrelevant records excluded (n = 12)

Reviews, articles have no data on the
benefits of OH treatment on human health

(n = 20)

Fig. 1  Systematic screening pro-
cess of the literature review
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Oral TA for Melasma Treatment

Reducing MASI Score

The change in MASI from baseline to the measurement time 
point during oral TA administration was analyzed using sub-
group comparisons based on the assessment periods (4th, 
8th, and 12th weeks) (Table 1; Fig. 3). The results indicated 
significant differences in the changes in MASI between 
the orally administered TA and control groups during the 
three treatment periods. The treatment group achieved 
an increased reduction in MASI scores in patients with 
melasma.

vitamin A) within 1–3 months before study initiation was 
also prohibited.

The primary outcomes were the MASI, MI, and EI scores. 
To accurately analyze the efficacy and safety of TA treat-
ment, these values were pre-calculated into the change of 
MASI, MI, and EI from baseline to the measurement points 
(4th, 8th, and 12th weeks), and subsequently analyzed using 
meta-analysis software.

Although adverse events were reported in some RCTs 
involving TA application and combination therapies, TA was 
generally considered safe and well tolerated for melasma 
management.

Bias Risk

Bias risk was evaluated by assessing the biases of the ran-
dom sequence generation, selective reporting, blinding of 
participants, allocation concealment, incomplete outcome 
data, and blinding of outcome assessment correspond-
ing to three levels (low, high, and uncertain) following the 
Cochrane guidelines [13]. The results showed that all RCTs 
were of moderate to good quality with a low risk of bias 
for the relevant outcomes of interest (Table S2 and Fig. 2). 
It can be seen that the low risks of bias also contributed to 
improved statistical significance.

Table 1  Pooled standardized mean differences (SMDs) between 
Tranexamic acid (TA) and control groups across included studies
Oral TA SMD I2 p
Change in MASI 4th week 0.62 [0.26, 0.98] 83% < 0.00001

8th week 0.94 [0.59, 1.30] 85% < 0.00001
12th week 1.05 [0.56, 1.54] 92% < 0.00001

Change in MI 4th week −0.78 [−2.97, 1.41] 97% < 0.00001
8th week 0.37 [−0.61, 1.35] 88% < 0.00001
12th week 0.37 [−0.67, 1.42] 90% < 0.00001

Topical TA SMD I2 p
Change in MASI 4th week 0.05 [−0.05, 0.15] 95% < 0.00001

8th week 0.23 [0.10, 0.37] 92% < 0.00001
12th week 0.45 [0.34, 0.55] 92% < 0.00001

Change in MI 4th week 0.10 [−0.18, 0.38] 97% < 0.00001
8th week 1.11 [0.64, 1.58] 98% < 0.00001
12th week 4.36 [3.82, 4.90] 74% 0.01

Fig. 2  Quality assessments of included randomized controlled trials (RCTs)
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[29] led to the greatest reduction in heterogeneity (I² ≈ 60%) 
while the overall treatment effect remained positive and sta-
tistically significant. At 8 weeks, heterogeneity was substan-
tial, but omission of Hadidi et al. (2021) [26] or Patil et al. 
(2018) [70] markedly reduced it (I² ≈ 60%) without altering 
the magnitude or direction of the pooled estimate. Finally, 
at 12 weeks, a large overall treatment effect was accompa-
nied by considerable heterogeneity (I² = 92%). Excluding 
Shihab et al. (2020) [3] or Minni et al. (2020) [15] most 
effectively decreased heterogeneity (I² ≈ mid-60% range), 
yet the pooled effect remained robust and statistically signif-
icant. Collectively, these findings indicate that heterogene-
ity across time points was mainly driven by a small number 
of high-effect studies, whereas the overall treatment effects 
of tranexamic acid remained consistent and reliable.

Notably, the SMD between the two groups was moder-
ate week 4 (0.62 [0.26, 0.98]), while the reductions became 
more pronounced and statistically significant at week 8 and 
12 (0.94 [0.59, 0.98] and 1.05 [0.56, 1.54], respectively). 
According to the subgroup comparison results, the efficacy 
of oral TA in reducing MASI was related to the duration 
of use, where long-term treatment (12 weeks) was more 
likely to reduce MASI than short-term treatments (4 and 
8 weeks). Although oral TA treatment consistently MASI 
scores, the analysis did not achieve statistical significance 
owing to considerable heterogeneity across all three sub-
group comparisons.

Sensitivity analyses were performed to evaluate the 
robustness of the pooled effects and to identify potential 
sources of heterogeneity across different time points (Figure 
S1). At 4 weeks, heterogeneity was moderate (I² = 73%). 
Excluding Cassiano et al. (2020) [21] or Shin et al. (2012) 

Fig. 3  Reduction in MASI score 
between oral tranexamic acid (TA) 
and control groups
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Subgroup Analysis Based on Treatment Modality

Due to the substantial heterogeneity observed across dif-
ferent treatment durations (weeks 4, 8, and 12), subgroup 
analyses were conducted based on treatment modality 
to minimize statistical variability. Several small-scale 
comparisons were made in reducing the MASI and MI 
scores between oral TA treatment compared to other treat-
ment strategies, including placebo, intradermal injection, 
microneedling, laser therapy, and other oral drug treatments.

The results showed that oral TA significantly reduced the 
MASI score compared to placebo, intradermal injection, 
and other drug treatments, with low heterogeneity (I2 = 36%, 
33%, and 41%, respectively). A similar subgroup analysis 
for MI scores also demonstrated consistent efficacy of oral 
TA, with robust statistical significance across all compari-
son groups (Figure S3).

Topical TA for Melasma Treatment

Reducing MASI Score

The effects of topical TA application on patients with 
melasma were evaluated by analyzing its capacity to reduce 
the MASI after treatment. The change in the MASI corre-
sponding to different treatment durations (4th, 8th, and 12th 
weeks) was divided into subgroup comparisons based on 
the measurement periods (Table 1 and Fig. 5).

Initially, the topical TA did not result in a decrease in 
MASI scores compared with the control group after four 
weeks of treatment. In contrast, topical TA treatment worked 
as a powerful anti-melasma compound when significantly 
reducing MASI in long-term treatment (8 and 12 weeks). In 

Reducing MI Score

The benefits of oral TA on melasma therapy were evalu-
ated by analyzing the change in MI values after the admin-
istration, compared to the control arm (Fig. 4 and Table 1). 
The analysis was divided into three subgroup compartments 
based on the measurement times (4th, 8th, and 12th weeks). 
The results showed that the changes in MI values were 
not a significant difference between the two groups, corre-
sponding to the terms of administration. The assessment of 
the change in MI also did not reach statistical significance 
because of the high heterogeneity (I2 > 88%).

Sensitivity analyses were conducted to assess the robust-
ness of MI outcomes across different time points (Figure 
S2). At 4 weeks, very high heterogeneity was observed (I² 
= 97%). Excluding Hadidi et al. (2021) [26] or Shin et al. 
(2012) [29] most effectively reduced heterogeneity, sug-
gesting that a few extreme-effect studies largely contributed 
to the observed variability. At 8 weeks, substantial hetero-
geneity was again noted (I² = 88%); omitting Hadidi et al. 
(2021) [26] or Shin et al. (2012) [29] reduced heterogene-
ity (I² ≈ 55%), but did not alter the nonsignificant overall 
effect. At 12 weeks, the exclusion of Shihab et al. (2020) [3] 
markedly decreased heterogeneity; yet, the overall pooled 
effect remained nonsignificant. Collectively, these find-
ings suggest that heterogeneity was primarily driven by a 
small number of influential studies, particularly Hadidi et al. 
(2021) [26] and Shin et al. (2012) [29], and that the overall 
evidence for improvement in MI remains inconclusive.

Fig. 4  Reduction in MI score 
between oral TA and control 
groups
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Fig. 5  Reduction in MASI score between topical TA and control groups
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treatment periods (4th, 8th, and 12th weeks). In the short-
term, topical TA did not effectively inhibit melanin produc-
tion compared to the control arm, with an SMD of 0.10 
[−0.18, 0.38]. In contrast, long-term treatment with topical 
TA showed a potential melanin inhibition ability by signifi-
cantly reducing MI in the treatment group at the 8th and 12th 
-week measurements. In particular, the inhibitory effect on 
melanocyte activity appeared to increase with the duration 
of topical application (Table 1 and Fig. 6).

At the 4th week, heterogeneity was extreme (I² = 97%). 
Leave-one-out analyses indicated that Saki et al. (2018) 
[39], which reported a very large positive effect, was the 
dominant source of heterogeneity, with additional contri-
butions from Ayuthaya et al. (2012) [4] and Tawfic et al. 
(2019) [40]. Excluding any single study did not materially 
alter the overall conclusion.

At the 8th week, Laothaworn et al. (2016) [32]and Saki 
et al. (2018) [39] were identified as the major contributors 
to heterogeneity; removal of either substantially affected 
the pooled estimate, although heterogeneity remained high. 
These findings suggest that the overall conclusion is largely 
influenced by a small number of studies reporting dispro-
portionately large effects.

At the 12th week, heterogeneity remained high (I² = 
74%). Excluding higher-effect studies such as Xing et al. 
(2020) [67] or Xu et al. (2017) [45] led to the largest reduc-
tions in the pooled SMD, whereas removing lower-effect 
studies such as Ayuthaya et al. (2012) [4] or Chung et al. 
(2015) [47] increased it. Overall, these results indicate that 
heterogeneity was primarily driven by studies reporting 
larger treatment effects (Figure S5).

particular, the reduction in MASI at week 12 was approxi-
mately twice that at week 8 (SMD = 0.45 [0.34, 0.55] and 
0.23 [0.10, 0.37], respectively). However, the analysis did 
not reach statistical significance because significant hetero-
geneity existed across these comparisons.

Sensitivity analyses were performed to evaluate the 
robustness of MASI outcomes across different time points 
(Figure S4). At the 4th week, leave-one-out analyses indi-
cated that excluding Gupta et al. (2022) [62] or Lu et al. 
(2017) [63], and to a lesser extent Kaur et al. (2020) [52], 
Qu et al. (2021) [37], and Erum et al. (2019) [60], resulted 
in the greatest reductions in heterogeneity; however, the 
pooled effect remained small and statistically non-signifi-
cant in all cases. At the 8th week, substantial heterogeneity 
was observed (I² = 92%). Excluding Gupta et al. (2022) [62], 
Pazyar et al. (2019, 2022) [35, 36], Ayuthaya et al. (2012) 
[4], or Lu et al. (2017) [63] led to the most pronounced 
decreases in heterogeneity, although the pooled fixed-effect 
estimate consistently remained positive. By the 12th week, 
heterogeneity reached an extreme level (I² = 92%). Studies 
by Saka et al. (2019) [4], Badran et al. (2021) [5], Haw-
wam et al. (2022) [5], Chung et al. (2015) [47], Arida et al. 
(2021) [42], and Gamea et al. (2020) [61] were identified 
as the main contributors to heterogeneity. Nevertheless, the 
pooled effect remained positive and stable across all sensi-
tivity tests. Overall, these findings suggest that the observed 
heterogeneity was primarily driven by a small number of 
studies with extreme effects, while the overall conclusions 
regarding MASI outcomes remained consistent.

Reducing MI Score

Changes in MI between the treatment and control groups 
were observed using side-by-side comparisons across the 

Fig. 6  Reduction in MI score 
between topical TA and control 
groups
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and another fourteen reported the change after topical TA 
treatment [5, 16, 33, 35–37, 43, 44, 47, 49–52, 58]. This 
study performed a meta-analysis to compare the change in 
MASI score between the treatment and the control groups 
after the follow-up period (Fig. 7).

The results revealed a significant reduction in MASI in 
the oral TA treatment compared with the control groups 
at follow-up. Similarly, the topical TA treatment showed 
a remarkable reduction in MASI scores relative to control 
groups (SMD = 1.28 [1.13, 1.43]). It was observed that there 
was no recurrence of melasma in patients up to 12 weeks 
after treatment. However, the analysis did not achieve high 
statistical significance owing to the considerable heteroge-
neity. Therefore, lager, well-designed trials are warranted to 
validate and strengthen these findings.

Risk of Bias

Funnel plots were constructed to determine publication bias 
(Fig. 8). The results indicated that almost all possible pub-
lications existed in the outcome. All funnel plots were sym-
metrical and tended to include not only positive outcomes 
but also negative outcomes for each aspect analyzed. There-
fore, this systematic review and meta-analysis summarized 
sufficient and high-quality RCTs to reduce publication bias.

Subgroup Analysis Based on Treatment Modality

To explore potential sources of heterogeneity, subgroup 
analyses were performed based on treatment modality. The 
analyses compared the reduction of MASI and MI scores 
after topical TA treatment with placebo, intradermal injec-
tion, microneedling, laser therapy, and other topical treat-
ments (Figure S6). The results indicated that topical TA 
significantly reduced MASI scores compared with placebo 
treatment, intradermal injection, and laser therapy with 
low heterogeneity (I2 < 50%). However, comparisons with 
microneedling and other topical treatments did not yield 
statistically significant and exhibited high heterogeneity 
(I2 = 87% and 95%, respectively).

In addition, subgroup analysis assessing the reduction 
of MI scores showed that topical TA treatment was associ-
ated with a significant decrease in MI index compared to 
microneedling, intradermal injection, and placebo, with low 
heterogeneity values (I2 = 0%, 37%, and 33%, respectively).

Effectiveness of TA Treatment after Treatment 
Periods

Most clinical trials monitor the recurrence of melasma after 
treatment, typically at a 12-week follow-up. In total, four-
teen clinical trials reported the change in MASI under oral 
administration [3, 6, 15, 20, 26, 27, 31, 54–57, 65, 72, 74], 

Fig. 7  Reduction in MASI score 
between TA treatment and control 
groups after 12 weeks: (a) oral TA; 
(b) topical TA
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and irritation are reproducible and clinically meaningful 
adverse effects of TA, likely related to local hypersensitivity 
reactions or histamine release. Clinicians should be aware 
of these potential reactions, particularly in patients with a 
history of allergic skin conditions, and monitor or counsel 
patients accordingly.

For burning, hyperpigmentation, and dryness, the meta-
analysis showed no significant differences between TA and 
control groups (RR = 0.78 [0.23–2.59], 1.16 [0.61–2.20], 
and 1.00 [0.95–1.06], respectively), all with I² = 0%. The CI 
values for burning and hyperpigmentation were relatively 
wide, indicating some uncertainty, whereas dryness was 
precisely estimated with a narrow CI. It can be seen that 
TA is not associated with meaningful changes in the risk of 
burning, hyperpigmentation, or dryness, supporting its gen-
eral safety regarding these adverse events.

Discussion

In the present study, the therapeutic efficacy of TA for 
melasma was assessed via a systematic review and meta-
analysis of 64 RCTs. The potential benefits of oral and topical 
TA were evaluated using pooled meta-analytic data. These 
results suggest that several forms of TA, including oral and 
topical, are potential approaches for improving melasma. 
Regarding oral TA, the results showed that administration 
could effectively decrease the MASI score with treatment 
durations exceeding eight weeks, whereas no significant 
improvement was observed in the MI. In contrast, topical 
TA effectively reduced the MASI and MI scores during 
long-term treatment (8 and 12 weeks). Notably, the mag-
nitude of reduction in MASI and MI scores increased with 
longer treatment duration, suggesting a dose-time-response 
relationship for TA therapy.

Adverse Events

Therapeutic safety is considered one of the most critical cri-
teria for clinical trials in medical and cosmetic applications. 
Several RCTs have addressed the safety of oral/topical TA 
and reported that side effects occur because of TA and pla-
cebo or routine treatments (Table S1). Almost all investi-
gations reported that no serious adverse events occurred 
during TA treatment.

Regarding oral TA, the common side effects included 
nausea, abdominal pain, hair loss, blurred vision, xerosis 
cutis, pigmentation, gastrointestinal, hypomenorrhea, oligo-
menorrhea, and vomiting and diarrhea [21, 24–26, 28, 54–
56, 69, 71, 72, 74]. Common adverse events associated with 
topical TA comprised erythema, skin irritation, dryness, a 
burning sensation, itching, and hyperpigmentation [17, 30, 
43, 47, 48, 52, 58, 60, 61, 64].

The meta-analysis of adverse events associated with TA 
revealed a heterogeneous profile, with some reactions show-
ing significant increases and others showing no meaningful 
differences compared with control (Table S3). For erythema, 
the pooled estimate (RR = 1.23, 95% CI 0.79–1.89, P = 0.36) 
using a random-effects model due to high heterogeneity 
(I² = 93%) indicated no statistically significant difference. 
The result suggests that the effect of TA on erythema is 
inconsistent, potentially influenced by differences in study 
populations, administration routes, dosages, or assessment 
methods.

In contrast, itching and irritation were consistently and 
significantly increased in patients receiving TA. The risk 
of itching was approximately three times higher than con-
trol (RR = 3.01, 95% CI 1.78–5.11, P < 0.0001), and the 
risk of irritation was similarly elevated (RR = 3.02, 95% CI 
1.93–4.72, P < 0.00001), with both outcomes showing no 
heterogeneity (I² = 0%). These results indicate that itching 

Fig. 8  Funnel plots of included 
RCTs comparing oral and topical 
TA with control treatments
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gastrointestinal reactions, such as heartburn, nausea, abdom-
inal pain, and epigastric discomfort [10]. Kim et al. (2017) 
evaluated the effectiveness of TA treatment in melasma 
based on 11 studies (three RCTs, seven before-after compar-
isons, and one retrospective cohort study) [9]. A decrease in 
MASI was observed after treatment with TA, with an SMD 
of 1.6 [1.2; 2.0]. Adding TA to routine treatment modali-
ties also further reduced the MASI score to 0.94 [0.1; 1.79]. 
The side effects were minor, with a few patients reporting 
mild abdominal discomfort, hypomenorrhea, and transient 
skin irritation [9]. However, most existing meta-analyses 
included a limited number of small RCTs, which may not 
have provided sufficient power to accurately estimate effect 
sizes or detect significant differences between the treatment 
and control groups. Compared with current meta-analyses, 
our study exhibits some novelty. First, it included the most 
extensive dataset for oral and topical TA treatments (3,640 
patients with melasma) and up-to-date relevant information, 
such as the study region, clinical trial designs, treatment 
and control parameters, primary outcomes, and side effects. 
Consequently, this study provides stronger analytical reli-
ability and enhances the quality of evidence for the efficacy 
and safety of TA in melasma treatment compared to pub-
lished meta-analysis articles.

Limitations

This meta-analysis had several primary limitations. First, 
this study included only RCTs, which may have limited the 
comprehensiveness of the evidence regarding the efficacy 
and safety of TA for melasma treatment. Second, the results 
showed substantial heterogeneity, which reduced the statis-
tical precision of the pooled estimates. This heterogeneity 
likely stemmed from variations in study regions, follow-up 
durations, treatment modalities and dosages of TA, as well 
as differences in control group parameters. As a result, the 
pooled SMDs inevitably reflected this variability. Despite 
these limitations, this systematic review and meta-analysis 
provides a snapshot of the best level of evidence currently 
available on the use of TA in managing melasma. Third, 
despite the inclusion of many RCTs, some analyses were 
limited by missing or insufficient data. In particular, compar-
isons involving changes in MI and EI scores could only be 
performed using a small subset of studies, which may have 
led to underpowered or underestimated results. Addition-
ally, this study primarily included Asian participants, and 
detailed data on Fitzpatrick skin type or ethnic background 
were not consistently available across the included studies. 
This limitation may reduce the external validity and gener-
alizability of the findings to populations with different skin 
phototypes. Future clinical trials should adopt standardized 

The intracellular mechanism through which TA improves 
melasma has been confirmed in several clinical trials and in 
vitro studies. TA was found to inhibit the activity of tyrosi-
nase, an enzyme involved in the production of melanin, a 
pigment that impairs the color of the skin. Due to its struc-
tural similarity to tyrosinase, TA can competitively block 
tyrosinase activity, thereby reducing melanin synthesis and 
lightening hyperpigmented skin lesions. Second, TA pos-
sesses anti-inflammatory and anti-angiogenic properties 
that contribute to its depigmentation action. In particular, 
ultraviolet (UV)-induced plasmin activates precursors of 
phospholipase A2, which promotes the production of ara-
chidonic acid, a precursor substance of prostaglandin E2, 
leukotrienes, and melanogenic paracrine factors (ET-1, 
a-MSH, and SCF) [2]. These inflammatory mediators then 
activate melanogenesis. Moreover, plasmin plays an essen-
tial role in releasing basic fibroblast growth factor (b-FGF), 
a potent melanocyte stimulator, may convert vascular endo-
thelial growth factor (VEGF) into its free form, resulting 
in angiogenesis. Therefore, as a plasmin inhibitor, TA, with 
its strong anti-angiogenic and anti-inflammatory effects, can 
prevent skin pigmentation and improve melasma caused by 
UV light [3]. Another proposed mechanism is the inhibition 
dermal angiogenesis. Kim et al. (2016) reported that topi-
cal TA could reduce erythema in melasma-affected skin by 
decreasing the number of vessels (e.g., human peripheral 
blood-derived CD31+ vessels) in the dermis, diminishing 
the visibility of hyperpigmented patches [2].

Recently, numerous meta-analyses dealing with this 
topic have been designed to analyze data extracted from 
several studies, including case controls, RCTs, cohort-
match controls, individual studies, and unpublished studies. 
Feng et al. (2021) determined the efficacy and safety of TA 
for treating adult melasma in twenty-four RCTs [8]. This 
study compared the changes in MASI scores pre- and post-
treatment, and between TA-based and conventional thera-
pies. The results demonstrated that the reduction in MASI 
scores between TA adjuvant and routine treatment was sig-
nificant at the 4th, 8th, 12th, and 16th weeks, with SMDs of 
−0.43 [−0.79; −0.08], −0.81 [−1.09; −0.54], −1.10 [−1.78; 
−0.43], and − 1.12 [−1.51; −0.74], respectively [8]. Oral 
TA was therefore suggested as an effective and safe alter-
native for melasma management [8]. In contrast, Zhang et 
al. (2018) performed a systematic review and meta-analysis 
of 21 RCTs examining TA administration in melasma treat-
ment [10]. The results revealed that oral TA treatment alone 
induced a significant reduction of MASI point, while topi-
cal TA as an adjuvant treatment did not yield a statistically 
significant improvement [10]. In addition, TA treatment sig-
nificantly decreased MI scores before and after treatment 
(SMD = −0.69 [−1.22; −0.16]) [10]. A systematic review 
reported that the adverse effects of oral TA were mainly 
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Godara, J. Cutan. Aesthet. Surg. 12, 63–67 (2019)

31.	 H. Zhao, M. Li, X. Zhang, L. Li, Y. Yan, B. Wang, J. Cosmet. 
Dermatol. 19, 47–54 (2020)

32.	 V. Laothaworn, P. Juntongjin, S. Deananlarp, J. Pattaraarchachai, 
Thai J. Pharm. Sci. 40, 184–187 (2016)

33.	 Y. Li, C. Yao, H. Zhang, L. Li, Y. Song, Lasers Med. Sci. 37, 
2879–2887 (2022)

34.	 K.M.M. Mekawy, A. Sadek, A.K. Seddeik Abdel-Hameed, J. 
Cosmet. Dermatol. 20, 460–465 (2021)

35.	 N. Pazyar, R. Yaghoobi, M. Zeynalie, S. Vala, Clin. Cosmet. 
Investig Dermatol. 12, 115–122 (2019)

36.	 N. Pazyar, S.N. Molavi, P. Hosseinpour, M. Hadibarhaghtalab, 
S.Y. Parvar, M.B. Dezfuly, Health Sci. Rep. 5, e537 (2022). ​h​t​t​p​s​
:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​0​2​/​​h​​s​r​2​.​5​3​7

37.	 Y. Qu, F. Wang, J. Liu, X. Xia, J. Cosmet. Dermatol. 20, 1110–
1116 (2021)

38.	 S. Saka, G. Raghu, R. Rao, R.B. Komaram, S. Kotha, R. Tatavar-
thi, L.P. Chitturi, Int. J. Pharm. Sci. Res. 10, 2583–2586 (2019)

39.	 N. Saki, M. Darayesh, A. Heiran, J. Dermatol. Treat. 29, 405–410 
(2018)

40.	 S.O. Tawfic, D.M. Abdel Halim, A. Albarbary, M. Abdelhady, 
Lasers Surg. Med. 51, 27–33 (2019)

41.	 S.O. Tawfic, R.M. Abdel Hay, D.I. Abouelazm, E.R. Said, Der-
matol. Surg. 48, 556–561 (2022)

reporting of Fitzpatrick skin type and ethnicity to enable 
more comprehensive subgroup analyses and enhance the 
applicability of results across diverse populations.

Conclusion

This study evaluated the practicality and safety of TA for the 
treatment of melasma based on the outcomes of 64 RCTs. 
The findings suggested that oral and topical TA could effec-
tively reduce one of the critical melasma parameters, the 
MASI score, after long-term treatment (8 and 12 weeks). 
Prolonging the treatment duration appeared to be more 
effective than increasing the TA dosage in improving clini-
cal outcomes. In addition, although adverse reactions during 
the treatment have been reported in some RCTs, TA was 
considered safe as a routine treatment or placebo control, 
which dermatological institutions have approved. How-
ever, because the number of RCTs is gradually increasing, 
updated systematic reviews and meta-analyses need to be 
repeated to evaluate a larger dataset and obtain an up-to-
date statistical result.
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