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Abstract
Hyperpigmentation disorders, such as post-inflammatory 
hyperpigmentation and melasma, are common conditions 
affecting all skin types. These conditions are largely benign 
and are influenced by numerous endogenous and exogenous 
factors impacting melanocyte activity and melanin production. 
Current treatment modalities for these conditions fall into broad 
categories, including photoprotection, topical and systemic 
therapies, chemical peels, and laser or light-based therapies. 
Biological differences in skin of colour require additional 
consideration when deciding on treatment and management. 
This narrative review provides an inclusive summary of these 
conditions and compares the current treatment options with a 
specific focus on skin of colour. Photoprotection and sunscreens 
protective against both UV and visible light are recommended 

for all individuals. Topical therapy is the recommended  
first-line treatment, with the gold standard being hydroquinone, 
which can be used alone or in combination with other 
agents. Chemical peels and laser or light-based therapies are 
also effective adjunctive methods of treatment; however, 
caution should be taken when used in patients with richly 
pigmented skin due to the increased risk of post-inflammatory 
hyperpigmentation.
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Introduction
Facial hyperpigmentation is a distressing condition that is 
more common in people with skin of colour.1 One form of 
hyperpigmentation is melasma, also known as chloasma. 
This is a refractory disorder characterized by brown or grey 
pigmentation generally involving the face.2 Whilst melasma can 
occur in both sexes it is more common in women, especially 
during pregnancy.3 Post-inflammatory hyperpigmentation 
(PIH) is another common hyperpigmentation disorder that 
occurs due to hypermelanosis after trauma or inflammation of 
the skin. Unlike melasma, this condition does not have a sex or 
age bias.4

There are multiple approaches for the treatment of 
hyperpigmentation, including photoprotection, topical 
treatment, systemic medications and procedural interventions. 
Common topical treatments include skin lightening agents 
such as hydroquinone (HQ) and retinoids. More recently, agents 
such as topical tranexamic acid and 5% cysteamine cream have 
proven to be effective alternatives to conventional topical 
agents.5 Finally, procedural interventions such as chemical 
peels and light-based therapies have shown efficacy in treating 

hyperpigmentation, but depending on the clinical context, may 
be associated with adverse effects.6,7

Due to the resistant and relapsing nature of 
hyperpigmentation, it can be challenging to select an 
appropriate treatment option to match the patient’s unique 
needs. This narrative review aims to provide an informative 
up-to-date overview of these disorders as well as a review of 
common treatment options with a specific focus on skin of 
colour.

Methods
This is a review article focusing on the management of 
hyperpigmentation disorders, including melasma and PIH, 
specifically in skin of colour. Articles were identified from 
PubMed, MEDLINE and EMBASE, using the various combinations 
of the keywords “post inflammatory hyperpigmentation”, 
“melasma”, “treatment”, “richly pigmented”, “skin of color”, “skin 
type”, dark skin”, “Fitzpatrick scale”. Articles were further selected 
based on their inclusion of patient characteristics, location of the 
lesions, skin of colour population and primary language.
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Review
Epidemiology
Pigmentary disorders are exceedingly common in patients with 
skin of colour. A survey completed in the United States with 
more than 1400 patients identified dyschromia as the second 
most common dermatologic diagnosis in Black and Hispanic 
populations.1 This contrasts with white patients, where 
dyschromia did not even place in the top ten most common 
diagnoses.

PIH specifically has been shown to occur in patients of all ages 
and with no predominance in either sex.8 This condition does 
seem to be directly related to an individual’s skin tone, with an 
increased prevalence in skin types III–VI.9 Within specific ethnic 
populations, PIH is more likely to be reported in those with 
darker complexions, as seen in one study of Arab Americans.10

As with PIH, melasma is more prevalent in patients with darker 
skin tones.11 Other predisposing factors include ethnicity, 
geographical location and pregnancy, with the prevalence of 
melasma ranging from 9% to 50% in certain populations.12–14 
Despite these similarities, melasma does have a clear 
predominance in women, with women-to-men ratio ranging 
from 4:1 in an Indian study to 39:1 in Brazil.15,16

Pathophysiology
The pathogenesis of melasma is complex and can be 
triggered and exacerbated by several factors, including UV 
light, visible light (VL), positive family history and hormonal 
influences.11,17 UV light is thought to impact skin pigmentation 
by inducing the production of reactive oxygen species, 
thereby promoting melanogenesis.16 VL and UV light also 
induce pigmentation through the secretion of stem cell 
factor, the ligand of the tyrosine kinase receptor c-kit, which 
leads to the proliferation of melanocytes. Another possible 
mechanism is through the stimulation of vascular endothelial 
growth factor from keratinocytes after UV exposure, which 
causes increased activity in melanocytes.11 UV light is linked 
to the downregulation of lipid metabolism-associated genes 
in melasma skin, which impairs the skin’s barrier function 
and can contribute to the pathogenesis of the condition.18 
Hormones seem to play an important role in the development 
of hyperpigmentation, with the epithelium of melasma lesions 
in women demonstrating an increased expression of both 
oestrogen and progesterone receptors.19,20 Finally, there is also 
a strong familial component in melasma, with some studies 
reporting a positive family history in as much as 61% of affected 
patients.21

PIH occurs due to cutaneous inflammation leading to the 
overproduction of melanin or uneven dispersion of pigment in 
the skin.22 This response can be triggered by both endogenous 
and exogenous factors such as acne or trauma to the skin.4 
PIH can occur in the epidermis or the dermis. Whilst the 
exact mechanism of PIH in the epidermis is unknown, there 

is an increase in melanocyte activity that is associated with 
inflammatory mediators and reactive oxygen species. Studies 
have shown that prostaglandins E2 and D2, leukotrienes LT-C4 
and LT-D4, thromboxane 2, IL-1, IL-6, epidermal growth factor, 
nitric oxide, TNF and other cytokines may all be associated 
with increased melanocyte stimulation.23 In the dermis, basal 
keratinocytes are damaged by inflammation, which results 
in a large release of melanin. Macrophages phagocytose 
the released free pigment to form melanophages. The 
melanophages then reside in the upper dermis and appear 
as a blue-grey patch at the site of injury, which can persist for 
years.24

Treatments
The appearance of hyperpigmentation and melasma can be 
extremely distressing for patients and an understanding of 
available treatment modalities is a useful tool for medical 
professionals. There are various topical, oral and procedural 
treatments that aim to reduce the appearance of these lesions 
by targeting different aspects of their pathogenesis (Table 1).

Sunscreen/photoprotection
It is widely understood that sun exposure is a contributing 
factor in the formation and appearance of hyperpigmentation 
disorders and that photoprotection should be paramount 
to the treatment of these conditions. Conventionally, it was 
believed that UV radiation was central to the development 
of melanotic dyschromia, which was the basis for the 
recommendation of sunscreen for these conditions.25 A study 
including 185 pregnant Moroccan women investigated the 
effects of a broad-spectrum SPF 50+, UVA protection factor 
28 sunscreen for the management of melasma. This study 
discovered that its use every 2 hours reduced the incidence 
of melasma from approximately 53% in similar populations 
to only 2.7%.26 In addition, approximately 67% of patients 
with pre-existing melasma saw marked improvements in the 
appearance of their skin. More recent studies have discovered 
that VL also contributes to pigmentary changes by acting 
synergistically with UVA1 exposure.27,28 A study including  
68 Mexican patients assessed the effectiveness of UV-blocking 
and VL-blocking sunscreen compared to regular UV-blocking 
sunscreen. Patients were randomized into two groups and 
treated with either sunscreen alongside HQ. It was discovered 
that, at 8 weeks, there was a statistically significant reduction 
in colorimetric values and Melasma Area and Severity Index 
(MASI) scores of 28% and 15%, respectively in the UV-VL 
sunscreen group when compared to the UV sunscreen 
group.29 A study also found that sunscreen with iron oxide 
improved the appearance of pigmentation compared to 
mineral SPF 50+ sunscreen and controls in skin phototypes 
above type II.30 Thus, VL blocking sunscreens, such as 
iron oxide-containing formulations, should be included in 
initial recommendations for all patients seeking care for 
hyperpigmentation disorders.
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Table 1. Review of treatments for melasma and post-inflammatory hyperpigmentation.

Treatment Mechanism of action Disadvantages Strength of 
Recommendation 
Taxonomy (SORT)

Photoprotection - Reduces UV and visible light 
exposure, which is known to  
induce inflammatory responses 
stimulating and exacerbating  
pre-existing hyperpigmentation

- Needs to be reapplied regularly
- Is not an active treatment for 

depigmentation

B

Topical/systemic

Hydroquinone and 
combinations

- Inhibit tyrosinase activity
- Promote melanocyte  

destruction
- Promote degradation of 

melanosomes

- Erythema, burning, pruritis, 
desquamation

- Hydroquinone halo
- Ochronosis

A

Retinoid - Vitamin A derivative
- Increase epidermal cell turnover
- Express anti-inflammatory 

properties

- Burning, dryness
- Retinoid dermatitis
- Risk of post-inflammatory 

hyperpigmentation

B

Azelaic acid - Inhibit tyrosinase activity
- Selective antiproliferative and 

cytotoxic effects on melanocytes

- Transient erythema, irritation, 
pruritis, dryness, burning

B

Kojic acid - Inhibit catecholase activity of 
tyrosinase

- Transient erythema
- Risk of contact dermatitis

B

Tranexamic acid - Inhibits UV-induced plasmin 
activity and impairs melanogenesis 

- Erythema, scaling, dryness
- Oral side effects include 

abdominal discomfort,  
bloating, headache, 
hypomenorrhea

- Risk of thrombotic events in 
specific populations

B

Cysteamine - Inhibit tyrosinase and peroxidase
- Chelate metal ions required for 

melanin synthesis
- Scavenging dopaquinone

- Transient dryness, burning
- Malodorous 

B

Chemical peels:
glycolic acid,
salicylic acid,
Jessner solution,
trichloroacetic acid

- Controlled destruction of skin layers 
depending on peel depth

- Increase keratinocyte turnover

- Post-inflammatory pigmentary 
changes

- Burns, erythema, irritation, 
desquamation

- Scarring

B

Laser

Ablative laser - Causes controlled damage to and 
removes layers of skin

- High risk of post-inflammatory 
pigmentary changes

- Burns, erythema, pain
- Scarring 

Not recommended 

Non-ablative 
fractioning laser

- Produce coagulative damage within 
the dermis below the wounding 
threshold causing melanin 
extrusion

- Risk of post-inflammatory 
pigmentary changes in darker skin 
tones

- Burns, erythema, pain
- Requires optimization based on 

patient’s skin type

B

(Continued)
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Whilst the evidence is clear that photoprotection is important, 
healthcare workers recommend photoprotection for their 
white patients at significantly higher rates than for their 
patients with richly pigmented skin. In a survey completed 
in the United States, photoprotection was only the sixth 
most recommended treatment option for dyschromia in 
African Americans compared to the third most recommended 
treatment for white populations.31 Even more troublesome is 
the fact that African Americans are less likely to use sunscreen 
compared to other races.32 This further enforces the idea that 
adequate education and counselling are required when dealing 
with these at-risk populations.

Topical therapies
Hydroquinone
Topical HQ is regarded as the gold standard for the treatment 
of facial hyperpigmentation. HQ is a bleaching agent that acts 
by inhibiting tyrosinase to limit melanin production in the 
skin.33 Additional studies have hypothesized that at certain 
concentrations, HQ can promote melanocyte destruction 
and the degradation of melanosomes.34 The most common 
concentrations for HQ monotherapy are 2–4% with 4% having 
the strongest evidence for use in melasma. HQ has been well 
studied and used as a baseline comparator for numerous 
alternative treatments in skin of colour, including ascorbic acid, 
liquiritin, niacinamide, Rumex occidentalis and thiamidol.35–39 
These therapies may be used as an adjunct to traditional 
treatments or as monotherapy for patients seeking ‘natural’ 
remedies.

HQ has also been used in combination with other treatments 
to improve its efficacy and reduce the occurrence of its 
side effects. The most common combination is known 
as the Kligman formula, or triple combination therapy 
(TCT), where HQ is combined with a topical retinoid and 
a corticosteroid.40 Numerous randomized control studies 
(RCTs) in skin of colour as well as a Cochrane review have 
assessed the efficacy of TCT and found it to be more effective 
than HC monotherapy.41–44 The side effects most frequently 
reported are transient erythema, burning, pruritus and 

desquamation. In some cases, HQ can cause a phenomenon 
known as the ‘hydroquinone halo’, where hypopigmentation 
occurs surrounding treated areas.45 Ironically, the most 
concerning side effects caused by HQ are hyperpigmentation 
and even exogenous ochronosis or paradoxical increased 
permanent pigmentation of the skin. It should be noted 
that the association of these effects is extremely rare and 
typically seen with extended use of the therapy.2 The safety 
of TCT has also been demonstrated in a year-long study 
where patients used TCT daily until lesion clearance and 
then restarted for an 8-week course if the lesions recurred. 
Approximately 57% of patients experienced at least one 
side effect, including burning, desquamation, erythema or 
dryness, with most effects being mild. There were no reports 
of ochronosis or skin atrophy; however, 2% of the patients 
did develop telangiectasias with most of them resolving 
during the study.46

Retinoids
Retinoids are another topical treatment for pigmentary 
disorders efficacious both in combination with other agents 
such as in TCT and as monotherapy. These compounds are 
structurally and functionally similar to vitamin A. They are 
effective in lightening skin by modulating cell proliferation and 
through anti-inflammatory properties.47,48 The most commonly 
prescribed retinoids are tretinoin, tazarotene and adapalene.49 
There have been numerous studies in patients with skin of 
colour demonstrating the effectiveness of retinoids. In a 
double-blinded RCT of 54 Black women, 0.1% tretinoin was 
found to be superior in lightening the skin of patients with 
PIH when compared to the vehicle. There was an approximate 
40% lightening effect noticed in hyperpigmented lesions in 
those treated with the 0.1% tretinoin cream compared to only 
18% in the vehicle control group. Despite these promising 
results, patients in the tretinoin group did notice that there was 
lightening of non-hyperpigmented skin, and 50% of treated 
patients developed retinoid dermatitis.50 In another RCT of  
28 Black women with melasma, 0.1% topical tretinoin was noted 
to cause a 32% improvement in the MASI score of compared 

Table 1. (Continued)

Low-fluence Q- 
switched laser

- Selectively destroys melanin 
pigments

- Risk of post-inflammatory 
pigmentary changes in darker skin 
tones

- Burns, erythema, pain
- Requires optimization based on 

patient’s skin type

B

Picosecond laser - Produce short pulse durations with 
higher pulse energies leading to 
lower thermal effect and greater 
fragmentation of melanin 

- Erythema, pain, blister formation
- Still has risk of post-inflammatory 

pigmentary changes
- Limited studies in skin of colour

B
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to only a 10% improvement in the vehicle control group. In 
this study, however, 67% of patients in the treatment group 
developed retinoid dermatitis.51 This side effect of retinoid 
dermatitis is concerning because this condition might cause 
or exacerbate PIH in patients with darker skin.52 It has been 
suggested that starting at lower dosages and slowly increasing 
the concentration of the retinoid might help mitigate these  
side effects.52

Studies have also found that synthetic retinoids, such as 
adapalene 0.1% gel and tazarotene 0.1% cream, are just as 
effective in managing acne associated with PIH in patients 
with skin of colour with minimal side effects.53,54 When 
compared against each other in a multiracial RCT, tazarotene 
0.1% cream was discovered to induce a statistically greater 
(p<0.018) reduction in the appearance of PIH lesions.55 In 
addition, these agents also seemed to be more tolerated 
than topical tretinoin with only approximately 10% of 
patients in each group presenting with mild adverse effects 
such as burning and dryness.55 There was no mention of 
any patients in this study developing retinoid dermatitis. 
Recently, a formulation of tazarotene 0.045% lotion with 
promising effectiveness and seemingly better tolerability 
was approved for clinical use in the United States.56 These 
newer options should be considered for patients seeking 
treatment for both acne and hyperpigmentation.

Azelaic acid
Whilst azelaic acid (AA) is an accepted treatment for rosacea, 
numerous studies have investigated its effectiveness in 
treating pigmentary disorders in skin of colour.57,58 AA works 
to depigment lesions by acting as a tyrosinase inhibitor as well 
as producing selective cytotoxic and antiproliferative effects 
on melanocytes, ultimately decreasing melanogenesis.59 In a 
mixed racial comparative study, patients with melasma were 
randomly assigned to either a 4% HQ or 20% AA treatment 
group. Over the treatment period of 24 weeks, 20% AA 
was discovered to be as effective as 4% HQ in reducing the 
appearance of melasma lesions.60 Additional comparative 
studies between HQ and AA have also yielded similar results 
with some studies finding AA monotherapy to be even more 
effective than 2% HQ for treating melasma.61,62 Side effects 
associated with AA are generally transient, most commonly 
presenting as erythema, irritation, dryness, burning and 
pruritus.58

Kojic acid
Kojic acid (KJA) is a naturally occurring metabolite produced 
by various fungal species. It is an effective depigmenting agent 
that works by inhibiting the catecholase activity of tyrosinase.63 
KJA has mainly been studied in patients with melasma and not 
PIH. In a study comparing the efficacy of 0.75% KJA to 4% HQ in 
an Indian population with melasma, KJA was found to be less 
effective than HQ. The side effects discovered in this study were 
transient with only 3.3% of patients in the KJA group reporting 
erythema.64 However, KJA use has commonly been associated 

with the development of allergic contact dermatitis in the 
literature as KJA is a potential sensitizing agent.65,66 Whilst 
KJA monotherapy might not be as effective as HQ, various 
combination trials in skin of colour have demonstrated its 
effectiveness in combination with other agents.67–69

Tranexamic acid
Tranexamic acid (TXA) is a plasmin inhibitor mainly used to 
achieve haemostasis in the context of active blood loss. More 
recently, both oral and topical formulations of TXA have been 
gaining popularity for the management of pigmentation 
disorders due to their favourable safety profile. Additional 
studies have also validated its use in melasma as an adjunct 
to microneedling and as an intradermal treatment.70,71 
The mechanism behind how TXA acts in these pigmentary 
conditions is not fully understood but it is postulated that 
TXA inhibits UV-induced plasmin activity, causing a reduction 
in prostaglandins and arachidonic acid. This ultimately leads 
to decreased tyrosinase activity and subsequent impaired 
melanogenesis.70,72

Numerous studies have investigated the use of topical TXA 
2–5% for the treatment of melasma in richly pigmented skin. 
In a split-face comparative trial of patients with skin type III–V, 
5% liposomal TXA was found to be as effective as 4% HQ in 
improving the appearance of melasma lesions. In addition, the 
TXA-treated arm had no adverse reactions when compared 
to the HQ-treated arm, which had three events of mild skin 
irritation.73 Similarly, promising results were noted in another 
split-face study comparing 3% TXA to dual therapy of 3% HQ 
and 0.01% dexamethasone. Over the 12-week study period, 
both sides showed significant improvements in the MASI 
score of the lesions with no statistically significant difference 
between them. Once again, the TXA-treated side was better 
tolerated with significantly fewer adverse events (p<0.01) than 
the HQ dual therapy side.74 When used topically, the most 
common side effects are transient erythema, scaling and 
dryness, but it still possesses a theoretical risk of precipitating a 
thrombotic event.75

Oral TXA has been shown to be a promising systemic treatment 
for melasma. When used in this context, the dosage is generally 
250 mg twice daily, which is far less than when compared to a 
dosage of 3900 mg for haemostasis.5 Numerous studies have 
demonstrated the effectiveness of oral TXA as monotherapy for 
melasma.76–78 In addition, studies have also discovered that oral 
TXA can be used as an effective adjunct with other therapies, 
such as TCT and HQ, and with laser therapy.79–81 When used 
orally, common side effects include abdominal pain, bloating, 
headache and hypomenorrhoea.82 Even though studies have 
shown the safety profile for oral TXA to be favourable at this 
reduced dosage, there was one reported case of a thrombotic 
event in a patient with a familial protein-S deficiency.83 Due 
to this, caution should be taken when considering oral or 
topical TXA in patients with histories of thrombotic events or 
malignancies or in pregnancy, which can increase a patient’s 
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risk for developing deep vein thromboses. Patients usually 
require a careful medical history prior to the initiation of oral 
TXA to minimize risks.

Cysteamine
Cysteamine is another promising topical agent that has recently 
been gaining popularity due to its favourable safety profile.75 
It is a naturally produced aminothiol in mammalian cells and 
is thought to produce its skin lightening effects through 
various mechanisms, including the inhibition of tyrosinase and 
peroxidase, scavenging dopaquinone, and chelating metal ions 
required for melanin synthesis.84 The safety of cysteamine has 
been extensively studied and is also thought to demonstrate 
anticarcinogenic effects.85 Its depigmentation effects have 
been known for decades; however, it was only until recently 
that technological advancement allowed the creation of 
reduced malodorous topical formulations.84 Recent studies 
have compared the efficacy of 5% cysteamine to HQ and TCT in 
skin of colour, finding it to be as effective or better at clearing 
melasma lesions whilst being considerably better tolerated.84,86 
A case report also suggested that it might also be useful in the 
treatment of TCT-resistant PIH in skin of colour.87 The most 
common adverse effects associated with its use are mild and 
transient dryness, burning, and a prominent odor.82 ,88 The 
favourable safety profile and promising results of cysteamine 
make it a compelling alternative to HQ or TCT in patients with 
melasma.

Cosmeceuticals
Agents such as arbutin, ascorbic acid, liquiritin and niacinamide 
have all shown therapeutic benefits in treating pigmentary 
disorders in richly pigmented skin.34–36,89 These agents are 
generally well tolerated; however, more robust long-term 
studies are lacking. These compounds should be considered 
for patients preferring a natural treatment option for their PIH 
or melasma in addition to photoprotection and behavioural 
modifications.

Chemical peels
Chemical peels act by causing controlled damage to various 
layers of the skin depending on the agent and methodology 
used.90 Caution must be taken when administering these 
agents, and a thorough history should be obtained before 
starting treatment.91 Side effects of chemical peels are variable, 
from mild transient effects, such as burning and skin irritation, 
to more serious adverse effects such as scarring, infections 
and unwanted pigmentary shifts. When using chemical peels, 
studies have found that photoprotection and the use of 
HQ prior to administering the chemical peel can reduce the 
incidence of PIH.6

Glycolic acid
Glycolic acid is a naturally occurring α-hydroxyamide from 
sugarcane. Treatment concentrations range from 20% to 
70% depending on the depths of peeling required, and 

neutralization can be achieved with water. This is generally 
considered the gold standard chemical peel for the treatment 
of melasma and can also improve fine wrinkles and sun-
damaged skin.91 Numerous studies have examined the additive 
effects of glycolic acid in treating pigmentary disorders in skin 
of colour with therapies such as laser or TCT. Reported adverse 
events include transient irritation, burning and desquamation, 
with no reports of PIH.92,93

Salicylic acid
Salicylic acid (SA) is a naturally occurring β-hydroxy acid from 
willow tree bark. Treatment concentrations range from  
20% to 30%, depending on the study, and SA does not require 
neutralization.94 At these concentrations, numerous studies 
have shown SA to be well tolerated and effective in treating 
melasma in skin of colour. Only one study has reported its use 
in PIH. These studies have demonstrated that SA generally 
only causes mild side effects, such as dryness, itchiness and 
erythema.95–97 Additional comparison studies in skin of colour 
have also suggested that SA is as effective in treating melasma 
as 4% HQ, Jessner solution (JS) and topical tretinoin.98–101

Jessner solution
JS is a common combination peel consisting of resorcinol, 
SA, lactic acid and ethanol. This combination of different 
substances seems to work synergistically, ultimately allowing 
for reduced strengths of each individual component. Newer 
modified combinations of JS have also been popularized due 
to the possibility of potential allergic reactions to resorcinol.102 
In a comparative study to 20% trichloroacetic acid, JS had 
similar efficacy post treatment with fewer reports of PIH in 
richly pigmented skin.103 In addition, when used in combination 
with a lower strength of 15% trichloroacetic acid, JS was also 
shown to be even more effective than monotherapy with fewer 
reports of PIH post treatment.104

Trichloroacetic acid
Trichloroacetic acid (TCA) is an inorganic peel that can be used 
at varying concentrations as both a superficial and medium 
depth peel. Due to the risk of scarring or PIH with TCA, a 
10–25% concentration is used in skin of colour to achieve a 
superficial peel.91 A meta-analysis assessing various chemical 
peels found that, whilst TCA monotherapy might be similarly 
as effective as GA, its higher risk of adverse events makes 
it less preferable in skin of colour.105 However, TCA has still 
shown promising results when used at lower concentrations in 
combination with JS and GA.92,106

Laser/light therapy
Laser therapy is an extensively studied treatment modality for 
pigmentary lesions. The major drawback with these treatment 
options for melasma, especially in skin of colour, is the high risk 
of PIH post treatment and recurrence.7 It is due to this risk that 
caution must be taken when selecting these treatment options 
specifically in darker skin phototypes.
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Ablative lasers
Ablative lasers include CO2 lasers and erbium:YAG lasers that 
ultimately function by causing damage and removing layers 
of the skin.107 Whilst studies have shown this modality to be 
useful in the treatment of melasma, it is not preferred in skin 
of colour due to the high incidence of PIH. In a chart review of 
patients treated with CO2 lasers, it was found that there was a 
37% risk of PIH in all patients with an increasing risk in darker 
complexions.108

Non-ablative fractioning lasers
Non-ablative lasers function by causing controlled 
coagulative damage within the dermis that is below  
the wounding threshold of the skin. In doing so, these 
therapies are thought to be better tolerated with fewer  
side effects when compared to ablative techniques.  
Varying wavelengths have been studied, with 1550 nm  
being the wavelength preferred for the treatment of 
melasma.109 An RCT comparison in patients of skin type  
II–IV found non-ablative fraction lasers to be equally as 
effective in treating melasma, with similar rates of recurrence 
and side effects when compared to TCT.110 Despite this, 
there is still a risk of PIH in darker skin tones.111 Some 
preventative PIH methods include optimizing the settings 
as well as therapy to suit the patient’s skin type. By altering 
the treatment density, reducing the number of passes and 
extending the time between treatment, the risk of PIH is 
significantly reduced.112

Low-fluence Q-switched lasers
Low-fluence Q-switched lasers (LFQSL) are a newer variant 
of the older Q-switched lasers, which have been shown to 
be effective in treating melasma in skin of colour. This newer 
version utilizes a lower fluence that is sub-photothermolytic 
and is thought to selectively destroy melanin pigment whilst 
leaving cells intact.113 This allows for less skin damage and 
fewer adverse effects; however, PIH is still a complication that is 
associated with its use in darker skin.114 A randomized split-face 
comparison trial between LFQSL and 2% HQ found LFQSL to be 
more effective than the topical treatment as a monotherapy, 
and additional synergetic effects were observed when used 
in combination for the treatment of melasma. Despite these 
promising results, patients who were treated with these lasers 
did develop post-treatment hypopigmentation and had a high 
rate of recurrence.115

Picosecond laser
This is a newer class of laser that was designed to  
produce shorter laser pulse durations and ultimately  
lead to less photothermal damage to the skin.7 Recent 
studies have been very promising in the treatment of 
hyperpigmentation and melasma in Asian skin but there 
has been limited research on darker skin types.116,117 
Further information is required in skin of colour before 
recommendations can be made.

Emerging treatments
Research understanding the mechanisms surrounding PIH and 
melasma is still ongoing and, as such, novel therapeutic options 
are continuing to be developed. One area which has shown 
promising results is the use of alternative vehicles for drug 
administration. For example, the use of solid lipid nanoparticles 
can increase topical drug bioavailability and drug stability. Solid 
lipid nanoparticle-prepared HQ has shown improved efficacy 
when compared to standard topical HQ.118 In addition, other 
drug vehicles, such as liposomes and microemulsions, have also 
shown encouraging results.119,120

Emerging pharmacological therapeutics include topical 
metformin, flutamide, isobutylamido thiazolyl resorcinol 
and platelet-rich plasma for the treatment of melasma and 
PIH.121–124 Newer non-pharmacological options include the use 
of microneedling and picosecond lasers.125 All these treatments 
have shown positive results in their respective studies; however, 
stronger more robust studies and their efficacy and safety 
profile in skin of colour are still lacking. As such, additional 
research is required before possible recommendations can be 
made regarding their use.

Skin bleaching and glutathione
Skin bleaching refers to the act of purposefully lightening 
skin tone. This global phenomenon is rooted in the ideals 
of colourism which promotes the concept that beauty is 
associated with lighter skin tones.126 A commonly used skin 
bleaching agent is glutathione, used for its antimelanogenic 
effects.127 It is hypothesized that glutathione promotes skin 
lightening through numerous mechanisms, including its 
antioxidant properties, the production of pheomelanin, the 
inhibition of tyrosinase activity and the transfer of tyrosinase.126 
Whilst glutathione is often marketed as a safe treatment, 
studies regarding its use for skin lightening are lacking, 
with the majority of studies having limitations including 
small sample sizes, short study durations, short follow-up 
periods and the lack of glutathione bioavailability.127,128 In 
addition, the use of IV glutathione has been associated with 
several complications, including Stevens–Johnson syndrome, 
abdominal pain, kidney dysfunction, brain toxicity and liver 
dysfunction.127 Given the lack of research regarding its use, 
glutathione is not currently recommended for the treatment of 
melasma or PIH.

Conclusion
PIH and melasma are common relapsing disorders that are 
notoriously difficult to manage. Over the past decade, the 
management of these conditions has been altered due to 
newer agents gaining popularity as well as technological 
advancements. Currently, the single most important 
treatment option that should be included in the management 
of these disorders is robust photoprotection, which is both 
UV and VL blocking. HQ and HQ-containing combinations, 
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Key practice points
• Photoprotection and sunscreen use are the cornerstones of therapy (strength of recommendation: B)

 ○ >30 SPF iron oxide-containing sunscreen is preferred
• First-line therapies include hydroquinone 4% or combinations containing hydroquinone, including triple combination 

therapy (strength of recommendation: A)
 ○ The maximum recommended duration of treatment is 6 months
 ○ Common adverse effects include erythema, burning, pruritus and desquamation
 ○ Ochronosis is a rare but possible side effect

• Retinoids including tretinoin 0.1%, adapalene 0.1% or tazarotene 0.1% can also be used as first-line therapy (strength of 
recommendation: B)

 ○ Can be helpful in patients with comorbid acne
 ○ Adverse effects include burning, skin dryness, retinoid dermatitis and post-inflammatory hyperpigmentation

• Second-line topical treatments include azelaic acid, cosmeceuticals, topical tranexamic acid, kojic acid and cysteamine 
(strength of recommendation: B)

 ○ Kojic acid has an increased risk of contact dermatitis
 ○ These treatment options have less evidence when compared to hydroquinone therapies

• For patients preferring an oral medication, oral tranexamic acid can be used (strength of recommendation: B)
 ○ Careful history for possible clotting disorders and risks is required
 ○ Adverse effects include abdominal bloating, headache and hypomenorrhea in women

• Chemical peels and laser-based therapies are only recommended for refractory or persistent lesions (strength of 
recommendation: B)

 ○ Low-fluence Q-switched lasers or picosecond lasers are preferred due to more favourable side effect profiles
 ○ Both chemical peels and lasers have an increased risk of post-inflammatory pigmentary changes in patients with skin 

of colour
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such as TCT, remain the most well-studied options for topical 
management; however, cysteamine and topical TXA are 
reasonable alternatives. Oral TXA is a potential systemic 
treatment for patients’ refectory to topical therapies.  
Chemical peels, such as GA and JS, could be useful for  
certain patients as an adjunctive therapy. Finally, LFQSL  
could be useful for patients with treatment-resistant  

lesions; however, extreme caution should be taken when 
considering procedural options in darker skin tones due  
to a high rate of recurrence and risk of post-treatment 
pigmentary anomalies. Treatment of melasma and  
post-inflammatory hyperpigmentation is an evolving  
area of research and therapies are expected to continue to 
develop.

https://doi.org/10.7573/dic.2022-11-2
http://drugsincontext.com
https://www.drugsincontext.com/wp-content/uploads/2022/05/dic.2021-11-2-COI.pdf
https://doi.org/10.7573/dic.2021-11-2
https://www.drugsincontext.com/dermatology-how-to-manage-facial-hyperpigmentation-in-skin-of-colour
mailto:ymonthrope@gmail.com


Moolla S, Miller-Monthrope Y. Drugs Context. 2022;11:2021-11-2. https://doi.org/10.7573/dic.2022-11-2 9 of 14
ISSN: 1740-4398

REVIEW – Managing facial hyperpigmentation in skin of colour drugsincontext.com

Provenance: Invited; externally peer reviewed.

Submitted: 4 November 2021; Accepted: 11 February 2022; Publication date: 31 May 2022.

Drugs in Context is published by BioExcel Publishing Ltd. Registered office: Plaza Building, Lee High Road, London, England, SE13 5PT.

BioExcel Publishing Limited is registered in England Number 10038393. VAT GB 252 7720 07.

For all manuscript and submissions enquiries, contact the Editorial office editorial@drugsincontext.com

For all permissions, rights and reprints, contact David Hughes david.hughes@bioexcelpublishing.com

References
1. Alexis AF, Sergay AB, Taylor SC. Common dermatologic disorders in skin of color: a comparative practice survey. Cutis. 

2007;80(5):387–394.
2. Sarma N, Chakraborty S, Poojary SA, et al. Evidence-based review, grade of recommendation, and suggested treatment 

recommendations for melasma. Indian Dermatol Online J. 2017;8(6):406. https://doi.org/10.4103/IDOJ.IDOJ_187_17
3. Taylor SC. Epidemiology of skin diseases in ethnic populations. Dermatologic Clinics. 2003;21(4):601–607.  

https://doi.org/10.1016/S0733-8635(03)00075-5
4. Kaufman BP, Aman T, Alexis AF. Postinflammatory hyperpigmentation: epidemiology, clinical presentation, pathogenesis and 

treatment. Am J Clin Dermatol. 2018;19(4):489–503. https://doi.org/10.1007/S40257-017-0333-6
5. Taraz M, Niknam S, Ehsani AH. Tranexamic acid in treatment of melasma: a comprehensive review of clinical studies. Dermatol 

Ther. 2017;30(3):e12465. https://doi.org/10.1111/DTH.12465
6. Roberts WE. Chemical peeling in ethnic/dark skin. Dermatol Ther. 2004;17(2):196–205.  

https://doi.org/10.1111/J.1396-0296.2004.04020.X
7. Trivedi MK, Yang FC, Cho BK. A review of laser and light therapy in melasma. Int J Women’s Dermatol. 2017;3(1):11.  

https://doi.org/10.1016/J.IJWD.2017.01.004
8. Kaufman BP, Aman T, Alexis AF. Postinflammatory hyperpigmentation: epidemiology, clinical presentation, pathogenesis and 

treatment. Am J Clin Dermatol. 2018;19(4):489–503. https://doi.org/10.1007/s40257-017-0333-6
9. Lawrence E, Al Aboud KM. Postinflammatory hyperpigmentation. Hyperpigmentation.  

https://www.ncbi.nlm.nih.gov/books/NBK559150/. Accessed August 6, 2021.
10. El-Essawi D, Musial JL, Hammad A, Lim HW. A survey of skin disease and skin-related issues in Arab Americans. J Am Acad 

Dermatol. 2007;56(6):933–938. https://doi.org/10.1016/J.JAAD.2007.01.031
11. Ogbechie-Godec OA, Elbuluk N. Melasma: an up-to-date comprehensive review. Dermatol Ther. 2017;7(3):305–318.  

https://doi.org/10.1007/S13555-017-0194-1
12. Rathore S, Gupta S, Gupta V. Pattern and prevalence of physiological cutaneous changes in pregnancy: a study of 2000 

antenatal women. https://ijdvl.com/pattern-and-prevalence-of-physiological-cutaneous-changes-in-pregnancy-a-study-of-
2000-antenatal-women/. Accessed August 6, 2021.

13. Werlinger K. Prevalence of melasma among premenopausal Latino women in Dallas and Fort Worth, TX, USA.  
https://utswmed-ir.tdl.org/handle/2152.5/674. Accessed August 6, 2021.

14. Taylor SC. Epidemiology of skin diseases in ethnic populations. Dermatologic Clin. 2003;21:601–607.  
https://doi.org/10.1016/S0733-8635(03)00075-5

15. Hexsel D, Lacerda DA, Cavalcante AS, et al. Epidemiology of melasma in Brazilian patients: a multicenter study. Int J Dermatol. 
2014;53(4):440–444. https://doi.org/10.1111/J.1365-4632.2012.05748.X

16. Achar A, Rathi S. Melasma: a clinico-epidemiological study of 312 cases. Indian J Dermatol. 2011;56(4):380–382.  
https://doi.org/10.4103/0019-5154.84722

17. Jo H-Y, Kim C-K, Suh I-B, et al. Co‐localization of inducible nitric oxide synthase and phosphorylated Akt in the lesional skins of 
patients with melasma. J Dermatol. 2009;36(1):10–16. https://doi.org/10.1111/j.1346-8138.2008.00579.x

18. Lee DJ, Lee J, Ha J, Park K-C, Ortonne J-P, Kang HY. Defective barrier function in melasma skin. J Eur Acad Dermatol Venereol. 
2012;26(12):1533–1537. https://doi.org/10.1111/J.1468-3083.2011.04337.X

19. Lieberman R, Moy L. Estrogen receptor expression in melasma: results from facial skin of affected patients. J Drugs Dermatol. 
2008;7(5):463–465.

20. Jang YH, Lee JY, Kang HY, Lee E-S, Kim YC. Oestrogen and progesterone receptor expression in melasma: an 
immunohistochemical analysis. J Eur Acad Dermatol Venereol. 2010;24(11):1312–1316.  
https://doi.org/10.1111/J.1468-3083.2010.03638.X

https://doi.org/10.7573/dic.2022-11-2
http://drugsincontext.com
mailto:editorial@drugsincontext.com
mailto:david.hughes@bioexcelpublishing.com
https://doi.org/10.4103/IDOJ.IDOJ_187_17
https://doi.org/10.1016/S0733-8635(03)00075-5
https://doi.org/10.1007/S40257-017-0333-6
https://doi.org/10.1111/DTH.12465
https://doi.org/10.1111/J.1396-0296.2004.04020.X
https://doi.org/10.1016/J.IJWD.2017.01.004
https://doi.org/10.1007/s40257-017-0333-6
https://www.ncbi.nlm.nih.gov/books/NBK559150
https://doi.org/10.1016/J.JAAD.2007.01.031
https://doi.org/10.1007/S13555-017-0194-1
https://ijdvl.com/pattern-and-prevalence-of-physiological-cutaneous-changes-in-pregnancy-a-study-of-2000-antenatal-women
https://ijdvl.com/pattern-and-prevalence-of-physiological-cutaneous-changes-in-pregnancy-a-study-of-2000-antenatal-women
https://utswmed-ir.tdl.org/handle/2152.5/674
https://doi.org/10.1016/S0733-8635(03)00075-5
https://doi.org/10.1111/J.1365-4632.2012.05748.X
https://doi.org/10.4103/0019-5154.84722
https://doi.org/10.1111/j.1346-8138.2008.00579.x
https://doi.org/10.1111/J.1468-3083.2011.04337.X
https://doi.org/10.1111/J.1468-3083.2010.03638.X


Moolla S, Miller-Monthrope Y. Drugs Context. 2022;11:2021-11-2. https://doi.org/10.7573/dic.2022-11-2 10 of 14
ISSN: 1740-4398

REVIEW – Managing facial hyperpigmentation in skin of colour drugsincontext.com

21. Handel AC, Lima PB, Tonolli VM, Miot LDB, Miot HA. Risk factors for facial melasma in women: a case–control study. Br J 
Dermatol. 2014;171(3):588–594. https://doi.org/10.1111/BJD.13059

22. Grimes PE. Management of hyperpigmentation in darker racial ethnic groups. Semin Cutan Med Surg. 2009;28(2):77–85.  
https://doi.org/10.1016/J.SDER.2009.04.001

23. Davis EC, Callender VD. Postinflammatory hyperpigmentation: a review of the epidemiology, clinical features, and treatment 
options in skin of color. J Clin Aesthet Dermatol. 2010;3(7):20–31.

24. Vashi NA, Kundu RV. Facial hyperpigmentation: causes and treatment. Br J Dermatol. 2013;169(Suppl. 3):41–56.  
https://doi.org/10.1111/BJD.12536

25. Desai SR. Hyperpigmentation therapy: a review. J Clin Aesthet Dermatol. 2014;7(8):13.
26. Lakhdar H, Zouhair K, Khadir K, et al. Evaluation of the effectiveness of a broad-spectrum sunscreen in the prevention  

of chloasma in pregnant women. J Eur Acad Dermatol Venereol. 2007;21(6):738–742.  
https://doi.org/10.1111/J.1468-3083.2007.02185.X

27. Mahmoud B, Ruvolo E, Hexsel C, et al. Impact of long-wavelength UVA and visible light on melanocompetent skin. J Invest 
Dermatol. 2010;130(8):2092–2097. https://doi.org/10.1038/jid.2010.95

28. Kohli I, Chaowattanapanit S, Mohammad TF, et al. Synergistic effects of long-wavelength ultraviolet A1 and visible light on 
pigmentation and erythema. Br J Dermatol. 2018;178(5):1173–1180. https://doi.org/10.1111/BJD.15940

29. Castanedo-Cazares JP, Hernandez-Blanco D, Carlos-Ortega B, Fuentes-Ahumada C, Torres-Álvarez B. Near-visible light and 
UV photoprotection in the treatment of melasma: a double-blind randomized trial. Photodermatol Photoimmunol Photomed. 
2014;30(1):35–42. https://doi.org/10.1111/PHPP.12086

30. Dumbuya H, Grimes PE, Lynch S, et al. Impact of iron-oxide containing formulations against visible light-induced  
skin pigmentation in skin of color individuals. J Drugs Dermatol. 2020;19(7):712–717.  
https://doi.org/10.36849/JDD.2020.5032

31. Kang SJ, Davis SA, Feldman SR, McMichael AJ. Dyschromia in skin of color. J Drugs Dermatol. 2014;13(4):401–406.
32. Pichon LC, Corral I, Landrine H, Mayer JA, Norman GJ. Sun-protection behaviors among African Americans. Am J Prev Med. 

2010;38(3):288–295. https://doi.org/10.1016/J.AMEPRE.2009.10.041
33. Nautiyal A, Wairkar S. Management of hyperpigmentation: current treatments and emerging therapies. Pigment Cell Melanoma 

Res. 2021;34(6):1000–1014. https://doi.org/10.1111/pcmr.12986
34. Ogbechie-Godec OA, Elbuluk N. Melasma: an up-to-date comprehensive review. Dermatol Ther. 2017;7(3):305–318.  

https://doi.org/10.1007/S13555-017-0194-1
35. Espinal-Perez LE, Moncada B, Castanedo-Cazares JP. A double-blind randomized trial of 5% ascorbic acid vs. 4% hydroquinone 

in melasma. Int J Dermatol. 2004;43:604–607. https://doi.org/10.1111/j.1365-4632.2004.02134.x
36. Costa A, Moises TA, Cordero T, Tiburcio Alves CR, Marmirori J. Association of emblica, licorice and belides as an alternative to 

hydroquinone in the clinical treatment of melasma. Anais brasileiros de dermatologia. 2010;85(5):613–620.  
https://doi.org/10.1590/S0365-05962010000500003

37. Navarrete-Solís J, Castanedo-Cázares JP, Torres-Álvarez B, et al. A double-blind, randomized clinical trial of niacinamide  
4% versus hydroquinone 4% in the treatment of melasma. Dermatol Res Pract. 2011;2011:379173.  
https://doi.org/10.1155/2011/379173

38. Mendoza CG, Singzon IA, Handog EB. A randomized, double-blind, placebo-controlled clinical trial on the efficacy and safety 
of 3% rumex occidentalis cream versus 4% hydroquinone cream in the treatment of melasma among filipinos. Int J Dermatol. 
2014;53(11):1412–1416. https://doi.org/10.1111/ijd.12690

39. Arrowitz C, Schoelermann AM, Mann T, Jiang LI, Weber T, Kolbe L. Effective tyrosinase inhibition by thiamidol results in 
significant improvement of mild to moderate melasma. J Invest Dermatol. 2019;139(8):1691–1698.e6.  
https://doi.org/10.1016/j.jid.2019.02.013

40. Sarkar R, Arora P, Garg VK, Sonthalia S, Gokhale N. Melasma update. Indian Dermatol Online J. 2014;5(4):426.  
https://doi.org/10.4103/2229-5178.142484

41. Chan R, Park KC, Lee MH, et al. A randomized controlled trial of the efficacy and safety of a fixed triple combination 
(fluocinolone acetonide 0.01%, hydroquinone 4%, tretinoin 0.05%) compared with hydroquinone 4% cream in Asian  
patients with moderate to severe melasma. Br J Dermatol. 2008;159(3):697–703.  
https://doi.org/10.1111/J.1365-2133.2008.08717.X

42. Taylor S, Torok H, Jones T, et al. Efficacy and safety of a new triple-combination agent for the treatment of facial melasma. Cutis. 
2003;72(1):67–72.

43. Grimes P, Kelly AP, Torok H, Willis I. Community-based trial of a triple-combination agent for the treatment of facial melasma. 
Cutis. 2006;77(3):177–184.

44. Rajaratnam R, Halpern J, Salim A, Emmett C. Interventions for melasma. Cochrane Database Syst Rev. 2010;7:CD003583.  
https://doi.org/10.1002/14651858.CD003583.pub2

https://doi.org/10.7573/dic.2022-11-2
http://drugsincontext.com
https://doi.org/10.1111/BJD.13059
https://doi.org/10.1016/J.SDER.2009.04.001
https://doi.org/10.1111/BJD.12536
https://doi.org/10.1111/J.1468-3083.2007.02185.X
https://doi.org/10.1038/jid.2010.95
https://doi.org/10.1111/BJD.15940
https://doi.org/10.1111/PHPP.12086
https://doi.org/10.36849/JDD.2020.5032
https://doi.org/10.1016/J.AMEPRE.2009.10.041
https://doi.org/10.1111/pcmr.12986
https://doi.org/10.1007/S13555-017-0194-1
https://doi.org/10.1111/j.1365-4632.2004.02134.x
https://doi.org/10.1590/S0365-05962010000500003
https://doi.org/10.1155/2011/379173
https://doi.org/10.1111/ijd.12690
https://doi.org/10.1016/j.jid.2019.02.013
https://doi.org/10.4103/2229-5178.142484
https://doi.org/10.1111/J.1365-2133.2008.08717.X
https://doi.org/10.1002/14651858.CD003583.pub2


Moolla S, Miller-Monthrope Y. Drugs Context. 2022;11:2021-11-2. https://doi.org/10.7573/dic.2022-11-2 11 of 14
ISSN: 1740-4398

REVIEW – Managing facial hyperpigmentation in skin of colour drugsincontext.com

45. Woolery-Lloyd H, Kammer JN. Treatment of hyperpigmentation. Semin Cutan Med Surg. 2011;30(3):171–175.  
https://doi.org/10.1016/J.SDER.2011.06.004

46. Torok H, Jones T, Rich P, Smith S, Tschen E. Hydroquinone 4%, tretinoin 0.05%, fluocinolone acetonide 0.01%: a safe and 
efficacious 12-month treatment for melasma. Cutis. 2005;75(1):57–62.

47. Davis EC, Callender VD. Postinflammatory hyperpigmentation: a review of the epidemiology, clinical features, and treatment 
options in skin of color. J Clin Aesthet Dermatol. 2010;3(7):20–31.

48. Riahi R, Bush A, Cohen PR. Topical retinoids: therapeutic mechanisms in the treatment of photodamaged skin. Am J Clin 
Dermatol. 2016;17:265–276. https://doi.org/10.1007/s40257-016-0185-5

49. Callender V, Barbosa V, Burgess C, et al. Approach to treatment of medical and cosmetic facial concerns in skin of color patients. 
Cutis. 2017;100(6):375-380.

50. Bulengo-Ransby SM, Griffiths C, Kimborough-Green CK, et al. Topical tretinoin (retinoic acid) therapy for hyperpigmented 
lesions caused by inflammation of the skin in black patients. N Engl J Med. 1993;328(20):1438–1443.  
https://doi.org/10.1056/NEJM199305203282002

51. Kimbrough-Green CK, Griffiths CEM, Finkel LJ, et al. Topical retinoic acid (tretinoin) for melasma in Black patients: a vehicle-
controlled clinical trial. Arch Dermatol. 1994;130(6):727–733. https://doi.org/10.1001/ARCHDERM.1994.01690060057005

52. Callender VD. Acne in ethnic skin: special considerations for therapy. Dermatol Ther. 2004;17(2):184–195.  
https://doi.org/10.1111/J.1396-0296.2004.04019.X

53. Jacyk WK, Mpofu P. Adapalene gel 0.1% for topical treatment of acne vulgaris in African patients. Cutis. 2001;68(Suppl. 4):48–54.
54. Grimes P, Callender V. Tazarotene cream for postinflammatory hyperpigmentation and acne vulgaris in darker skin: a double-

blind, randomized, vehicle-controlled study. Cutis. 2006;77(1):45–50.
55. Tanghetti E, Dhawan S, Green L, et al. Randomized comparison of the safety and efficacy of tazarotene 0.1% cream and 

adapalene 0.3% gel in the treatment of patients with at least moderate facial acne. J Drugs Dermatol. 2010;9(5):549–558.
56. Tanghetti EA, Kircik LH, Green LJ, et al. A phase 2, multicenter, double-blind, randomized, vehicle-controlled clinical study to 

compare the safety and efficacy of a novel tazarotene 0.045% lotion and tazarotene 0.1% cream in the treatment of moderate-
to-severe acne vulgaris. J Drugs Dermatol. 2019;18(6):542.

57. Sarkar R, Bhalla M, Kanwar AJ. A comparative study of 20% azelaic acid cream monotherapy versus a sequential therapy in the 
treatment of melasma in dark-skinned patients. Dermatology. 2002;205(3):249–254. https://doi.org/10.1159/000065851

58. Lowe NJ, Rizk D, Grimes P, Billips M, Pincus S. Azelaic acid 20% cream in the treatment of facial hyperpigmentation in darker-
skinned patients. Clin Ther. 1998;20(5):945–959. https://doi.org/10.1016/s0149-2918(98)80076-3

59. Nguyen QH, Bui TP. Azelaic acid: pharmacokinetic and pharmacodynamic properties and its therapeutic role in 
hyperpigmentary disorders and acne. Int J Dermatol. 1995;34(2):75–84.  
https://doi.org/10.1111/j.1365-4362.1995.tb03583.x

60. Baliña LM, Graupe K. The treatment of melasma 20% azelaic acid versus 4% hydroquinone cream. Int J Dermatol. 
1991;30(12):893–895. https://doi.org/10.1111/J.1365-4362.1991.TB04362.X

61. Farshi S. Comparative study of therapeutic effects of 20% azelaic acid and hydroquinone 4% cream in the treatment of 
melasma. J Cosmet Dermatol. 2011;10(4):282–287. https://doi.org/10.1111/J.1473-2165.2011.00580.X

62. Verallo-Rowell VM, Verallo V, Graupe K, Lopez-Villafuerte L, Garcia-Lopez M. Double-blind comparison of azelaic acid and 
hydroquinone in the treatment of melasma. Acta Derm Venereol Suppl. 1989;143:58–61.  
https://doi.org/10.2340/000155551435861

63. Zolghadri S, Bahrami A, Khan MTH, et al. A comprehensive review on tyrosinase inhibitors. J Enzyme Inhib Med Chem. 
2019;34(1):279. https://doi.org/10.1080/14756366.2018.1545767

64. Monteiro RC, Kishore BN, Bhat RM, Sukumar D, Martis J, Ganesh HK. A comparative study of the efficacy of 4% hydroquinone  
vs 0.75% kojic acid cream in the treatment of facial melasma. Indian J Dermatol. 2013;58(2):157.  
https://doi.org/10.4103/0019-5154.108070

65. Nakagawa M, Kawai K, Kawai K. Contact allergy to kojic acid in skin care products. Contact Dermatitis. 1995;32(1):9–13.  
https://doi.org/10.1111/J.1600-0536.1995.TB00832.X

66. Grimes PE. Management of hyperpigmentation in darker racial ethnic groups. Semin Cutan Med Surg. 2009;28(2):77–85.  
https://doi.org/10.1016/J.SDER.2009.04.001

67. Deo KS, Dash K, Sharma YK, Virmani NC, Oberai C. Kojic acid vis-a-vis its combinations with hydroquinone and betamethasone 
valerate in melasma: a randomized, single blind, comparative study of efficacy. Indian J Dermatol. 2013;58(4):281–285.  
https://doi.org/10.4103/0019-5154.113940

68. Desai S, Ayres E, Bak H, et al. Effect of a tranexamic acid, kojic acid, and niacinamide containing serum on facial dyschromia: a 
clinical evaluation. J Drugs Dermatol. 2019;18(5):454–459.

69. Tsilika K, Levy JL, Kang HY, et al. A pilot study using reflectance confocal microscopy (RCM) in the assessment of a novel 
formulation for the treatment of melasma. J Drugs Dermatol. 2011;10(11):1260–1264.

https://doi.org/10.7573/dic.2022-11-2
http://drugsincontext.com
https://doi.org/10.1016/J.SDER.2011.06.004
https://doi.org/10.1007/s40257-016-0185-5
https://doi.org/10.1056/NEJM199305203282002
https://doi.org/10.1001/ARCHDERM.1994.01690060057005
https://doi.org/10.1111/J.1396-0296.2004.04019.X
https://doi.org/10.1159/000065851
https://doi.org/10.1016/s0149-2918(98)80076-3
https://doi.org/10.1111/j.1365-4362.1995.tb03583.x
https://doi.org/10.1111/J.1365-4362.1991.TB04362.X
https://doi.org/10.1111/J.1473-2165.2011.00580.X
https://doi.org/10.2340/000155551435861
https://doi.org/10.1080/14756366.2018.1545767
https://doi.org/10.4103/0019-5154.108070
https://doi.org/10.1111/J.1600-0536.1995.TB00832.X
https://doi.org/10.1016/J.SDER.2009.04.001
https://doi.org/10.4103/0019-5154.113940


Moolla S, Miller-Monthrope Y. Drugs Context. 2022;11:2021-11-2. https://doi.org/10.7573/dic.2022-11-2 12 of 14
ISSN: 1740-4398

REVIEW – Managing facial hyperpigmentation in skin of colour drugsincontext.com

70. Lee JH, Park JG, Lim SH, et al. Localized intradermal microinjection of tranexamic acid for treatment of melasma in Asian 
patients: a preliminary clinical trial. Dermatol Surg. 2006;32(5):626–631. https://doi.org/10.1111/J.1524-4725.2006.32133.X

71. Budamakuntla L, Budamakuntla L, Loganathan E, Suresh DH. A randomised, open-label, comparative study of tranexamic acid 
microinjections and tranexamic acid with microneedling in patients with melasma. J Cutan Aesthet Surg. 2013;6(3):139–143. 
https://doi.org/10.4103/0974-2077.118403

72. Chaowattanapanit S, Silpa-Archa N, Kohli I, Lim HW, Hamzavi I. Postinflammatory hyperpigmentation: a comprehensive 
overview: treatment options and prevention. J Am Acad Dermatol. 2017;77(4):607–621.  
https://doi.org/10.1016/j.jaad.2017.01.036

73. Banihashemi M, Zabolinejad N, Jaafari MR, Salehi M, Jabari A. Comparison of therapeutic effects of liposomal tranexamic acid 
and conventional hydroquinone on melasma. J Cosmet Dermatol. 2015;14(3):174–177. https://doi.org/10.1111/JOCD.12152

74. Ebrahimi B, Naeini FF. Topical tranexamic acid as a promising treatment for melasma. J Res Med Sci. 2014;19(8):753–757.
75. Grimes PE, Ijaz S, Nashawati R, Kwak D. New oral and topical approaches for the treatment of melasma. Int J Women’s Dermatol. 

2019;5(1):30. https://doi.org/10.1016/J.IJWD.2018.09.004
76. Aamir S, Naseem R. Oral tranexamic acid in treatment of melasma in Pakistani population: a pilot study. J Pakistan Assoc 

Dermatol. 2014;24(3):198–203.
77. Li Y, Sun Q, He Z, Fu L, He C, Yan Y. Treatment of melasma with oral administration of compound tranexamic acid: a preliminary 

clinical trial. J Eur Acad Dermatol Venereol. 2014;28(3):393–394. https://doi.org/10.1111/jdv.12209
78. Na JI, Choi SY, Yang SH, Choi HR, Kang HY, Park KC. Effect of tranexamic acid on melasma: a clinical trial with histological 

evaluation. J Eur Acad Dermatol Venereol. 2013;27(8):1035–1039. https://doi.org/10.1111/J.1468-3083.2012.04464.X
79. Cho HH, Choi M, Cho S, Lee JH. Role of oral tranexamic acid in melasma patients treated with IPL and low fluence QS Nd:YAG 

laser. J Dermatolog Treat. 2013;24(4):292–296. https://doi.org/10.3109/09546634.2011.643220
80. Padhi T, Dermatology SPIJ of, 2015 undefined. Oral tranexamic acid with fluocinolone-based triple combination cream versus 

fluocinolone-based triple combination cream alone in melasma: an open labeled randomized comparative trial. Indian J 
Dermatol. 2015;60(5):520. https://doi.org/10.4103/0019-5154.164416

81. Karn D, Kc S, Amatya A, Razouria EA, Timalsina M. Oral tranexamic acid for the treatment of melasma: a review. Kathmandu Univ 
Med J. 2014;10(4):40–43. https://doi.org/10.3126/kumj.v10i4.10993

82. Bala HR, Lee S, Wong C, Pandya AG, Rodrigues M. Oral tranexamic acid for the treatment of melasma: a review. Dermatol Surg. 
2018;44(6):814–825. https://doi.org/10.1097/DSS.0000000000001518

83. Lee HC, Thng TGS, Goh CL. Oral tranexamic acid (TA) in the treatment of melasma: a retrospective analysis. J Am Acad Dermatol. 
2016;75(2):385–392. https://doi.org/10.1016/j.jaad.2016.03.001

84. Karrabi M, David J, Sahebkar M. Clinical evaluation of efficacy, safety and tolerability of cysteamine 5% cream in comparison 
with modified Kligman’s formula in subjects with epidermal melasma: a randomized, double-blind clinical trial study. Skin Res 
Technol. 2021;27(1):24–31. https://doi.org/10.1111/SRT.12901

85. Besouw M, Masereeuw R, van den Heuvel L, Levtchenko E. Cysteamine: an old drug with new potential. Drug Discov Today. 
2013;18(15–16):785–792. https://doi.org/10.1016/J.DRUDIS.2013.02.003

86. Nguyen J, Remyn L, Chung IY, et al. Evaluation of the efficacy of cysteamine cream compared to hydroquinone in the treatment 
of melasma: a randomised, double-blinded trial. Australas J Dermatol. 2021;62(1):e41–e46. https://doi.org/10.1111/AJD.13432

87. Mansouri P, Farshi S, Hashemi Z, Kasraee B. Evaluation of the efficacy of cysteamine 5% cream in the treatment of epidermal 
melasma: a randomized double-blind placebo-controlled trial. Br J Dermatol. 2015;173(1):209–217.  
https://doi.org/10.1111/BJD.13424

88. Mathe N, Balogun M, Yoo J. A case report on the use of topical cysteamine 5% cream in the management of refractory 
postinflammatory hyperpigmentation (PIH) resistant to triple combination cream (hydroquinone, topical corticosteroids, and 
retinoids). J Cosmet Dermatol. 2021;20(1):204–206. https://doi.org/10.1111/JOCD.13755

89. Ertam I, Mutlu B, Unal I, Alper S, Kivçak B, Ozer O. Efficiency of ellagic acid and arbutin in melasma: a randomized, prospective, 
open-label study. J Dermatol. 2008;35(9):570–574. https://doi.org/10.1111/J.1346-8138.2008.00522.X

90. O’Connor AA, Lowe PM, Shumack S, Lim AC. Chemical peels: a review of current practice. Australas J Dermatol. 2018;59(3): 
171–181. https://doi.org/10.1111/AJD.12715

91. Borelli C, Fischer S. Chemical Peelings zur Behandlung von Melasma, Pigmentstörungen und Hyperpigmentierungen. Der 
Hautarzt. 2020;71(12):950–959. https://doi.org/10.1007/S00105-020-04712-1

92. Sarkar R, Parmar NV, Kapoor S. Treatment of postinflammatory hyperpigmentation with a combination of glycolic acid  
peels and a topical regimen in dark-skinned patients: a comparative study. Dermatol Surg. 2017;43(4):566–573.  
https://doi.org/10.1097/DSS.0000000000001007

93. Park KY, Kim DH, Kim HK, Li K, Seo SJ, Hong CK. A randomized, observer-blinded, comparison of combined 1064-nm 
Q-switched neodymium-doped yttrium-aluminium-garnet laser plus 30% glycolic acid peel vs. laser monotherapy to treat 
melasma. Clin Exp Dermatol. 2011;36(8):864–870. https://doi.org/10.1111/J.1365-2230.2011.04150.X

https://doi.org/10.7573/dic.2022-11-2
http://drugsincontext.com
https://doi.org/10.1111/J.1524-4725.2006.32133.X
https://doi.org/10.4103/0974-2077.118403
https://doi.org/10.1016/j.jaad.2017.01.036
https://doi.org/10.1111/JOCD.12152
https://doi.org/10.1016/J.IJWD.2018.09.004
https://doi.org/10.1111/jdv.12209
https://doi.org/10.1111/J.1468-3083.2012.04464.X
https://doi.org/10.3109/09546634.2011.643220
https://doi.org/10.4103/0019-5154.164416
https://doi.org/10.3126/kumj.v10i4.10993
https://doi.org/10.1097/DSS.0000000000001518
https://doi.org/10.1016/j.jaad.2016.03.001
https://doi.org/10.1111/SRT.12901
https://doi.org/10.1016/J.DRUDIS.2013.02.003
https://doi.org/10.1111/AJD.13432
https://doi.org/10.1111/BJD.13424
https://doi.org/10.1111/JOCD.13755
https://doi.org/10.1111/J.1346-8138.2008.00522.X
https://doi.org/10.1111/AJD.12715
https://doi.org/10.1007/S00105-020-04712-1
https://doi.org/10.1097/DSS.0000000000001007
https://doi.org/10.1111/J.1365-2230.2011.04150.X


Moolla S, Miller-Monthrope Y. Drugs Context. 2022;11:2021-11-2. https://doi.org/10.7573/dic.2022-11-2 13 of 14
ISSN: 1740-4398

REVIEW – Managing facial hyperpigmentation in skin of colour drugsincontext.com

94. Davis EC, Callender VD. Postinflammatory hyperpigmentation: a review of the epidemiology, clinical features, and treatment 
options in skin of color. J Clin Aesthet Dermatol. 2010;3(7):20–31.

95. Dainichi T, Ueda S, Imayama S, Furue M. Excellent clinical results with a new preparation for chemical peeling in acne:  
30% salicylic acid in polyethylene glycol vehicle. Dermatol Surg. 2008;34(7):891–899.  
https://doi.org/10.1111/J.1524-4725.2008.34174.X

96. Kodali S, Guevara IL, Carrigan CR, et al. A prospective, randomized, split-face, controlled trial of salicylic acid peels in the 
treatment of melasma in Latin American women. J Am Acad Dermatol. 2010;63(6):1030–1035.  
https://doi.org/10.1016/J.JAAD.2009.12.027

97. Grimes PE. The safety and efficacy of salicylic acid chemical peels in darker racial-ethnic groups. Dermatol Surg. 1999;25(1): 
18–22. https://doi.org/10.1046/J.1524-4725.1999.08145.X

98. Kodali S, Guevara IL, Carrigan CR, et al. A prospective, randomized, split-face, controlled trial of salicylic acid peels in the 
treatment of melasma in Latin American women. J Am Acad Dermatol. 2010;63(6):1030–1035.  
https://doi.org/10.1016/j.jaad.2009.12.027

99. How KN, Lim PY, Wan Ahmad Kammal WSL, Shamsudin N. Efficacy and safety of Jessner’s solution peel in comparison with 
salicylic acid 30% peel in the management of patients with acne vulgaris and postacne hyperpigmentation with skin of  
color: a randomized, double-blinded, split-face, controlled trial. Int J Dermatol. 2020;59(7):804–812.  
https://doi.org/10.1111/IJD.14948

100. Saleh F, Moftah NH, Abdel-Azim E, Gharieb MG. Q-switched Nd: YAG laser alone or with modified Jessner chemical  
peeling for treatment of mixed melasma in dark skin types: a comparative clinical, histopathological, and 
immunohistochemical study. J Cosmet Dermatol. 2018;17(3):319–327.  
https://doi.org/10.1111/jocd.12444

101. Mohamed Ali BM, Gheida SF, el Mahdy NA, Sadek SN. Evaluation of salicylic acid peeling in comparison with topical  
tretinoin in the treatment of postinflammatory hyperpigmentation. J Cosmet Dermatol. 2017;16(1):52–60.  
https://doi.org/10.1111/JOCD.12301

102. Roberts WE. Chemical peeling in ethnic/dark skin. Dermatol Ther. 2004;17(2):196–205.  
https://doi.org/10.1111/J.1396-0296.2004.04020.X

103. Azzam OA, Leheta TM, Nagui NA, et al. Different therapeutic modalities for treatment of melasma. J Cosmet Dermatol. 
2009;8(4):275–281. https://doi.org/10.1111/J.1473-2165.2009.00471.X

104. Safoury OS, Zaki NM, Nabarawy EAE, Farag EA. A study comparing chemical peeling using modified Jessner’s solution and 
15%trichloroacetic acid versus 15% trichloroacetic acid in the treatment of melasma. Indian J Dermatol. 2009;54(1):41–45. 
https://doi.org/10.4103/0019-5154.48985

105. Dorgham NA, Hegazy RA, Sharobim AK, Dorgham DA. Efficacy and tolerability of chemical peeling as a single agent 
for melasma in dark-skinned patients: a systematic review and meta-analysis of comparative trials. J Cosmet Dermatol. 
2020;19(11):2812–2819. https://doi.org/10.1111/JOCD.13725

106. Roberts WE. Chemical peeling in ethnic/dark skin. Dermatol Ther. 2004;17(2):196–205.  
https://doi.org/10.1111/J.1396-0296.2004.04020.X

107. Oliveira de Morais O, Lima Lemos EF, dos Santos Sousa MC, et al. The use of ablative lasers in the treatment of facial melasma. 
An Bras Dermatol. 2013;88(2):238–242. https://doi.org/10.1590/S0365-05962013000200009

108. Nanni CA, Alster TS. Complications of carbon dioxide laser resurfacing. An evaluation of 500 patients. Dermatol Surg. 
1998;24(3):315–320. https://doi.org/10.1111/J.1524-4725.1998.TB04161.X

109. Spierings NMK. Melasma: a critical analysis of clinical trials investigating treatment modalities published in the past 10 years. J 
Cosmet Dermatol. 2020;19(6):1284–1289. https://doi.org/10.1111/JOCD.13182

110. Wind BS, Kroon MW, Meesters AA, et al. Non‐ablative 1,550 nm fractional laser therapy versus triple topical therapy for the 
treatment of melasma: a randomized controlled split‐face study. Lasers Surg Med. 2010;42(7):607–612.  
https://doi.org/10.1002/lsm.20937

111. Alexis AF. Fractional laser resurfacing for acne scarring in patients with Fitzpatrick skin types IV-VI. J Drugs Dermatol. 
2011;10(Suppl. 12):S6–S7.

112. Kaushik SB, Alexis AF. Nonablative fractional laser resurfacing in skin of color: evidence-based review. J Clin Aesthet Dermatol. 
2017;10(6):51–67.

113. Jalaly NY, Valizadeh N, Barikbin B, Yousefi M. Low-power fractional CO2 laser versus low-fluence Q-switch 1,064 nm Nd: 
YAG laser for treatment of melasma: a randomized, controlled, split-face study. Am J Clin Dermatol. 2014;15(4):357–363.  
https://doi.org/10.1007/S40257-014-0080-X

114. Tanzi EL, Alster TS. Side effects and complications of variable-pulsed erbium:yttrium-aluminum-garnet laser skin  
resurfacing: extended experience with 50 patients. Plast Reconstr Surg. 2003;111(4):1524–1529.  
https://doi.org/10.1097/01.PRS.0000049647.65948.50

https://doi.org/10.7573/dic.2022-11-2
http://drugsincontext.com
https://doi.org/10.1111/J.1524-4725.2008.34174.X
https://doi.org/10.1016/J.JAAD.2009.12.027
https://doi.org/10.1046/J.1524-4725.1999.08145.X
https://doi.org/10.1016/j.jaad.2009.12.027
https://doi.org/10.1111/IJD.14948
https://doi.org/10.1111/jocd.12444
https://doi.org/10.1111/JOCD.12301
https://doi.org/10.1111/J.1396-0296.2004.04020.X
https://doi.org/10.1111/J.1473-2165.2009.00471.X
https://doi.org/10.4103/0019-5154.48985
https://doi.org/10.1111/JOCD.13725
https://doi.org/10.1111/J.1396-0296.2004.04020.X
https://doi.org/10.1590/S0365-05962013000200009
https://doi.org/10.1111/J.1524-4725.1998.TB04161.X
https://doi.org/10.1111/JOCD.13182
https://doi.org/10.1002/lsm.20937
https://doi.org/10.1007/S40257-014-0080-X
https://doi.org/10.1097/01.PRS.0000049647.65948.50


Moolla S, Miller-Monthrope Y. Drugs Context. 2022;11:2021-11-2. https://doi.org/10.7573/dic.2022-11-2 14 of 14
ISSN: 1740-4398

REVIEW – Managing facial hyperpigmentation in skin of colour drugsincontext.com

115. Wattanakrai P, Mornchan R, Eimpunth S. Low-fluence Q-switched neodymium-doped yttrium aluminum garnet  
(1,064 nm) laser for the treatment of facial melasma in Asians. Dermatol Surg. 2010;36(1):76–87.  
https://doi.org/10.1111/J.1524-4725.2009.01383.X

116. Lee MC, Lin YF, Hu S, et al. A split-face study: comparison of picosecond alexandrite laser and Q-switched Nd:YAG laser in the 
treatment of melasma in Asians. Lasers Med Sci. 2018;33(8):1733–1738. https://doi.org/10.1007/S10103-018-2529-2

117. Lee YJ, Shin HJ, Noh TK, Choi KH, Chang SE. Treatment of melasma and post-inflammatory hyperpigmentation by a picosecond 
755-nm alexandrite laser in Asian patients. Ann Dermatol. 2017;29(6):779–781. https://doi.org/10.5021/AD.2017.29.6.779

118. Ghanbarzadeh S, Hariri R, Kouhsoltani M, Shokri J, Javadzadeh Y, Hamishehkar H. Enhanced stability and dermal delivery of 
hydroquinone using solid lipid nanoparticles. Colloids Surf B Biointerfaces. 2015;136:1004–1010.  
https://doi.org/10.1016/J.COLSURFB.2015.10.041

119. Üstündağ Okur N, Çağlar EŞ, Pekcan AN, Okur ME, Ayla Ş. Preparation, optimization and in vivo anti-inflammatory evaluation  
of hydroquinone loaded microemulsion formulations for melasma treatment. J Res Pharm. 2019;23(4):662–670.  
https://doi.org/10.12991/JRP.2019.174

120. Banihashemi M, Zabolinejad N, Jaafari MR, Salehi M, Jabari A. Comparison of therapeutic effects of liposomal tranexamic acid 
and conventional hydroquinone on melasma. J Cosmet Dermatol. 2015;14(3):174–177. https://doi.org/10.1111/JOCD.12152

121. Banavase Channakeshavaiah R, Andanooru Chandrappa NK. Topical metformin in the treatment of melasma: a preliminary 
clinical trial. J Cosmet Dermatol. 2020;19(5):1161–1164. https://doi.org/10.1111/JOCD.13145

122. Hofny ERM, Abdel-Motaleb AA, Ghazally A, Ahmed AM, Hussein MRA. Platelet-rich plasma is a useful therapeutic option in 
melasma. J Dermatolog Treat. 2018;30(4):396–401. https://doi.org/10.1080/09546634.2018.1524821

123. Lima PB, Dias JAF, Cassiano DP, et al. Efficacy and safety of topical isobutylamido thiazolyl resorcinol (Thiamidol) vs. 4% 
hydroquinone cream for facial melasma: an evaluator-blinded, randomized controlled trial. J Eur Acad Dermatol Venereol. 
2021;35(9):1881–1887. https://doi.org/10.1111/JDV.17344

124. Adalatkhah H, Sadeghi-Bazargani H. The first clinical experience on efficacy of topical flutamide on melasma compared with 
topical hydroquinone: a randomized clinical trial. Drug Des Devel Ther. 2015;9:4219–4225. https://doi.org/10.2147/DDDT.S80713

125. Wu SZ, Muddasani S, Alam M. A systematic review of the efficacy and safety of microneedling in the treatment of melasma. 
Dermatol Surg. 2020;46(12):1636–1641. https://doi.org/10.1097/DSS.0000000000002763

126. Dadzie OE. Unethical skin bleaching with glutathione. BMJ. 2016;354:i4386 https://doi.org/10.1136/bmj.i4386
127. Sonthalia S, Jha AK, Lallas A, Jain G, Jakhar D. Glutathione for skin lightening: a regnant myth or evidence-based verity? 

Dermatol Pract Concept. 2018;8(1):15–21. https://doi.org/10.5826/dpc.0801a04
128. Dilokthornsakul W, Dhippayom T, Dilokthornsakul P. The clinical effect of glutathione on skin color and other related skin 

conditions: a systematic review. J Cosmet Dermatol. 2019;18(3):728–737. https://doi.org/10.1111/jocd.12910

https://doi.org/10.7573/dic.2022-11-2
http://drugsincontext.com
https://doi.org/10.1111/J.1524-4725.2009.01383.X
https://doi.org/10.1007/S10103-018-2529-2
https://doi.org/10.5021/AD.2017.29.6.779
https://doi.org/10.1016/J.COLSURFB.2015.10.041
https://doi.org/10.12991/JRP.2019.174
https://doi.org/10.1111/JOCD.12152
https://doi.org/10.1111/JOCD.13145
https://doi.org/10.1080/09546634.2018.1524821
https://doi.org/10.1111/JDV.17344
https://doi.org/10.2147/DDDT.S80713
https://doi.org/10.1097/DSS.0000000000002763
https://doi.org/10.1136/bmj.i4386
https://doi.org/10.5826/dpc.0801a04
https://doi.org/10.1111/jocd.12910

