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Abstract

Background: Vitamin Cis a micronutrient present in high concentrations in normal skin
and a highly prescribed cosmeceutical, well known for protecting against ultraviolet-
induced pigmentation and regulating collagen production. However, there is a lack of
studies evaluating the efficacy of topical vitamin C in photoaging and melasma, with
this systematic review being the first to assess the existing evidence.

Aim: This systematic review aims to assess whether topical vitamin C could be effec-
tive in reversing photoaging signs and treating melasma.

Methods: Prospective, randomized controlled trials assessing protocols with topi-
cally applied vitamin C in patients with melasma or photodamage were searched in
Medline, CENTRAL, and Scopus databases until the 12th of May 2022. Risk of bias
was conducted in accordance with Cochrane Collaboration's tool for assessing the
risk of bias in randomized trials, using RevMan 5.0.

Results: Seven publications were included, with 139 volunteers in total. Studies that
evaluated the topography of skin indicated that the treated skin appeared smoother
and less wrinkled, which was supported by biopsies data. On objective assessments
of pigmentation, there was a significant lightening of the skin treated. Hydration im-
proved equally in the vitamin C and placebo-treated sites.

Conclusions: This study revealed that vitamin C is effective in treating uneven, wrin-
kled skin and has depigmenting properties, but long-term use may be needed to
achieve'noticeable’changes! Q-switched Nd:YAG laser-associated protocols appear
beneficial in enhancing vitamin C effects. Topical vitamin C may be a suitable alter-
native for melasma and photoaging, but more studies are needed to confirm these
results and assess the ideal vitamin C concentration.
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1 | INTRODUCTION

Nowadays, vitamin C is one of the most prescribed cosmeceuticals
in the world, being highly recommended by dermatologists. Its pop-
ularity has exponentially grown during the past 5years and in 2020
it was the most searched cosmetic ingredient on the internet, with
over a million searches, corresponding to a growth of 204% in a year.
This reaffirms the established place vitamin C occupies in the aver-
age person's skincare routine.}

Ascorbic acid, commonly known as vitamin C, presents in high
concentrations in normal skin. Its main roles include stimulating
collagen biosynthesis, protecting against ultraviolet (UV)-induced
damage due to its antioxidant properties, stimulating the phagocytic
function of leukocytes, and proline hydroxylation.?

Studies have shown that vitamin C levels were lower in photo-
aged and naturally aged skin® and that it could also inhibit melanin
synthesis, through downregulating monophenolase activity of ty-
rosinase enzyme. Moreover, its antioxidant effect prevents the pro-
duction of free radicals that trigger melanogenesis.? These findings
made it look promising for pigmentary disorders such as melasma or
solar lentigos. Associated with its role in regulating collagen produc-
tion, stimulating type | procollagen synthesis in skin fibroblasts, and
promoting the stability of collagen molecules,* vitamin C was imme-
diately defended as the perfect molecule for prevention or reversal
of skin aging and, more specifically, photoaging.

Photoaging is the term used to describe the alterations in struc-
ture, function, and appearance of skin due to prolonged or repeated
exposure to UV radiation. The main signs of photoaging include
wrinkles, elastosis, dryness, laxity, rough-textured appearance, tel-
angiectasis, and irregular pigmentation.’

UV radiation contributes to dermal structure deterioration by
creating reactive oxygen species which promote collagen fragmen-
tation, decreased collagen biosynthesis, and therefore the observ-
able features that characterize photodamage.®

Melasma is an acquired hypermelanosis that is characterized by
light to dark-brown symmetric macules with irregular borders that
occurs mainly on the face and while it is known to affect darker skin
complexions more commonly, it can occur in all skin types. The exact
pathogenesis of melasma is unknown, but sun exposure seems to be
the most important predisposing factor, the reason why it has been
described as a photoaging disorder.”

This is a highly prevalent chronic disease and a leading cause
of consultations that have been associated with a considerable de-
crease in the patient's quality of life.® With an unpredictable course
and frequent relapses, it presents a therapeutical challenge, so alter-
natives must be looked onto.

A meta-analysis with over 700 volunteers, assessing vitamin C
on healthy skin under a UV daylight-simulated pigmentation pro-
vided clear evidence that ascorbic acid is effective in protecting from
stress-induced pigmentation.”

However, the evidence toward its depigmenting qualities is still
very fragile, with most studies being in vitro and trials having a small
number of participants.

Nonetheless, the need to demonstrate the efficacy of ascor-
bic acid in treating melasma and photoaging is increasing as it has
quickly become part of numerous cosmetic preparations, becoming
an essential component in the daily skincare routine of the ordinary
person.

Thus, this systematic review wants to address this issue and
synthesize the current evidence on vitamin C efficacy in treating
melasma and photoaging and understand what preparations and

concentrations may be more beneficial.

2 | MATERIALS AND METHODS

Prospective, randomized controlled trials (RCT) assessing patients
of any age or gender with melasma or photodamage were included.

Eligible interventions included the topical use of vitamin C
whether alone or in formulations that are known to further stabilize/
promote absorption of this molecule or its combination with ionto-
phoresis or laser.

The desired outcomes included the Melasma Area and Severity
Index, the Melasma Severity Score, Pigmentation Scores using colo-
rimetric equipment, objective wrinkling evaluations, dermatologists'
clinical evaluation, and participants' self-assessment of change in
their own skin's appearance.

Studies that included patients simultaneously using other bio-
active skin compounds with a possible brightening effect or using
vitamin C through transdermal injections or micro-needling were
excluded. Ex vivo and in vitro studies were also excluded.

The Medline, CENTRAL (Cochrane Central Register of Controlled
Trials), and Scopus databases were searched until the 12th May
2022.

The terms searched to target the intervention were vitamin C,
ascorbate, OR ascorbic acid AND to target the conditions in study
the terms used were melasma, lentigo, hyperpigmentation, OR pho-
todamage. The results were filtered to only present RCTs.

References of articles of interest were also checked for any RCTs
that could eventually not be indexed in the searched databases.

Attempts were also made to try to obtain unpublished RCTs from
the cosmeceutical industry.

Two reviewers evaluated initially both the titles and the abstracts
of potentially relevant studies independently. The full paper was ob-
tained if it was considered that the article could meet the inclusion
criteria. Afterwards, the full text was screened to confirm that it met
the inclusion criteria and to assess its quality. Any disagreements
were resolved by discussion. The authors were not blinded to the
identity of the papers.

The same reviewers independently extracted, if present: the title
of publication, year of publication, first author, study design, charac-
teristics of the participants of the trials (number of randomized sub-
jects, number of the ones who completed the study, demographic
and baseline characteristics such as age, sex, and skin phototype),
treatment regimen (concentration received, frequency of interven-

tion, and study duration) as well as the reported outcomes.
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The assessment of the risk of bias was conducted for each study
following the COCHRANE Risk of Bias 2.0 tool (RoB 2.0), using
RevMan 5.0.

3 | RESULTS

The initial search retrieved 192 articles from the MEDLINE, CENTRAL,
and EMBASE databases and 29 from the cosmeceutical industry. In
all, 27 duplicates were excluded as well as 182 studies whose title and
abstract did not meet the pre-established criteria. In all, 12 articles
were considered relevant for a full-text review. Of these, one article
was excluded for not measuring any of the outcomes of interest, three
were excluded for not randomizing the intervention, and another one
was excluded for not individualizing the effect of vitamin C.

Figure 1 shows the study selection flowchart, divided into the
steps of identification, selection, eligibility, and inclusion, according
to the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) recommendations for writing systematic
reviews.1°

A total of 139 volunteers with Fitzpatrick skin types |-V were
included in the studies, aged from 23 to 72years. Four of the seven
studies recruited only female volunteers. The duration of the stud-
ies ranged from 2weeks up to 6 months with different formulations
and vitamin C concentrations (from 3.75% to 20%). Six of the seven
studies included a placebo/control group while the one that did not,

had a comparison group with hydroquinone.7

Identification

Screening

Eligibility

Included

FIGURE 1 PRISMA flow diagram of
included studies.
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The main characteristics of the included studies are described in
Table 1 and their outcomes are explained in Table 2.

The assessment of the risk of bias was conducted in accordance
with the Cochrane Collaboration's tool for assessing the risk of bias
in randomized trials,** using RevMan 5.0.

Six specific domains (namely random sequence generation, al-
location concealment, blinding, incomplete outcome data, selective
reporting, and other bias) were evaluated.

Although all the studies were randomized, the method of ran-
domization was not described in most trials. Most studies were
double-blinded, apart from one which was single-blinded. Reporting
of outcomes was mainly carried out only in those who completed the
trial, and no details were available of the outcomes of participants
who did not complete it, which in two studies with a more significant
dropout may lead to a higher risk of attrition bias.

The risk of bias in the included studies is presented in a risk of
bias graph, Figure 2, and a risk of bias summary, Figure 3.

4 | DISCUSSION

There are limited clinical trials assessing the value of ascorbic acid to
improve the appearance of photoaged skin and it is being prescribed
based on clinical experience, in vitro evidence of its antioxidative
properties, and its protecting effect on UV-induced pigmentation.
As far as we know, this is the first systematic review of RCTs assess-

ing the efficacy of topical vitamin C in melasma and photoaging and

MEDLINE n=48
CENTRAL n=113
EMBASE n= 31
Others n=29

v

Records excluded
n=182

Records after duplicates removed
n=194

A 4

Full-text articles assessed for Articles not meeting the

eligibility inclusion criteria
n=12 n=5
Studies included in

qualitative analysis

n=7

85UB017 SUOWILIOD BAIFeR1D 3|qeot dde au3 Aq peusenob a1e sajolfe YO '8SN J0 S3|nU o4 AReiq 1 2UIIUO AB]1A UO (SUO 1 IPUOD-PUR-SWISH D" A3 1M A1 1RUTIUO//SANY) SUORIPUOD PUe SWB L 83 88S *[£202/S0/2T] U0 Arelqiauijuo A8|Im * eBnuod 8Ue1yo0D Ag 87.2GT'PI0TTTT OT/1I0pALI00 43| im Afeiq feul|uo//sdny woly papeojumod ‘0 ‘S9TZELYT



14732165, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jocd.15748 by Cochrane Portugal, Wiley Online Library on [12/05/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

CORREIA and MAGINA

Journal of

Cosmetic Dermatology

o
S

‘salsdoiq

ups y3nouyy Juswissasse uade(|od | 9dA} pue sjuswINSEIW SSaUNIIY]

Jewuapida pue usde||0d SU0Z ZUIIL) (JUSWISSISSE-§|3S DAI3I3[gNS
‘uonzejuawsid pue Sulpjulam ‘uolledpAy ayj Jo uerdisAyd e AQ JUBWISSISSY

'sa1sdolq upys {SIuaWAINSEaW Ja1[24-UI|S
JUSWISSISSE-J|3S J23}UN|OA Papess-QT {(24e|8 ‘syods umouq ‘sapjulim
‘A3Ixe| ‘ssauysnoJ ‘uoljelpAy :sisjoweled) JUSWSSISSE J03eSIISAAU|

Juswanosdwi Jo 99139p
9y} 93eJ 03 SaUIBUUOIISIND JUSWISSISSE-J|9S (SSAUMO||BS PUE ‘SSUAIP
‘A3IXE| UDS ‘SPI3AYJ 951802 ‘SsauySnod a[130€] ‘SulpjulIM JO AJIDASS JO
103e31359AUl Aq Bul102S (S313148|NS2.4] 92BJINS JO 99139p 9Y] dInsesaw
03 sedljdau 92euns upjs uo pawJojlad sem sisAjeue Aizawofijoud [eonndo

‘3s180]03ewIap e Aq SsaulySlig pue 2in3xa}
upys Jo Juswanosdwi |eqo|3 ay3 JO SUlI0S (SSIA Xapul BWIYIAIS pue
ujuePW Y3 SSasse 0} pasn aJam Auzawodldads pue Aydes3ojoyd |e3181g

‘JuawWssasse-J[as jualied ;Juawdinba d1119WILI0|0D
pueqg-mo.ueu e 3uisn sadueyd Asejuswsid 3024ipul JO uollenjeAl

‘G 03 T wouJy 3uidues ajedss-ojoyd e 3uisn 3si3ojojewsap
e Aq pajen|eAs s|aA3| uoljeuswsid (T XIA J212Wexa|n Ag painsesw
X9pUl UJUB|SW ‘19}3W 9JUDJID4JIP 10|0I B AQ painseaw S[aA3| uoljejuawsid

JUSW}eaI} JO S}09443 Y}
JO JUSWISSSSE-J|9S PapeJs-G ‘AI}oWLI0j0d AqQ painseaw BWSE[SW JO SN[EA T

Julduissasse awodInQ

S9N

SOA

SaA

SaA

ON

SIA

SIA

ogade|d

‘SHoOMZT
10} (91eqU0dSE |AD9p|AXayel1a] %/
pue pide 21q40dse %0T) xa|dwod D)
ulwe}lA e jo uoliedijdde |eoidoy Ajieq

syuow 9
10J D UIWEeMA %G Suluiejuod
weaud e Jo uoljediidde |eaidoy Ajleq

‘'SUyjuoW g J0j 3284 3y} JO dpIS e U0

pIoe 21gJ02se Sululejuod (Paso|asip

10U UOI}EJJUDUO0D) WnIds Aduarod
-y31y e jo uonedsidde Ajiep |eoido|

SY99M g 10) Aep

/X pue Jase| ANSD Wu90T e yim

JUSW3eaJ} 931 3Dk) AU} JO IPIS B U0

WiNJas pIoe J1|NJaj pue 3 ulWeA ‘ploe
21gJ02se %0g e Jo uoledijdde |eaido]

'$99M QT 10} J3Yj0 3y} UO UoIS|nwa
|l0-J193em auouinboupAy %1, e pue
92BJ 9Y3 JO 9PIS SUO UO pIde 21gI0dse
1 %S Y¥m uoijo| Jo uoneoijdde |edido|
‘SHYP9aM 7 104 Aep
e 92IM] 92BJ 39U JO J|eY-auo 0] 1|es
wniposiy ajeydsoyd-z-a3eqiodse-]
%9 UM uonjo| Jo uonedijdde jedido|
SY99MZT J0J Xo9M B/XZ ‘Ul g
104 sisaioydojuol YyiIm apis auo 0}
pajjdde (dVIN %5/ €) Uoln|os D UIWEHA

UOIUAAI}U|

'9100G AJLISASS BWSE[DIA ‘SSIA (UOITBIARIGQY

£(€002)
o3ewepojoyd 3uiney sjuaijed QT ‘|e 12 ydujedzyiy
3ui3eojoyd jo +1(€002)
susIs YyIm 4G-TG pasde sjuaijed sajews) 0g ‘(e 38 JBquiny
a28ewepojoyd
9jelapouwl 03 pjiw Yum ‘|jj-| sadAy
upis yum ‘z/-9¢ pase sjuaijed 4T 1(666T) Ydnoxied]
aSewepojoyd

ewse[aw pue saulSipus| ey ypm
‘Al-11 s9dA1 uDjs ‘€G-9¢ pase sjuaijed g1 +1(0202) "B 32 wiy

A||eJ93€|1q BWSEDW YHM
p|o siesA g -gz pase sjuaijed ajeway 9T ,(r002) 1B 32 Z313d

+2(6702)
so81jua] Jejos ym sjualjed sjewsy /g ‘e 32 emexIys|

ewse|ow
UHM 67~ pade sjuaijed sjewsy ¢ 21(2002) "' 32 ynH
S2ulI31]Ud| 1B|OS 10 BWSE[D|A]

sjuedidiyjied (1eaA) zoyiny

's31pn3s papnjaul ay3 jo uoididsa T 319VL



CORREIA and MAGINA

our results have validated its usefulness in treating photodamaged
skin and melasma.

Despite that, several questions remain unanswered. While it is
frequent to see lotions or serums with concentrations of up to 30%
on the market, most studies use concentrations under 10%.”1213
Only one of the included RCTs assessed the effect of vitamin C in

a concentration of 20%* which also shows the scarcity of evidence

TABLE 2 Results of individual studies.

5
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we currently have for highly prescribed high-concentration formu-
las. In vitro studies have also shown that the maximal concentration
for optimal percutaneous absorption was 20%,'° not supporting the
routine use of products over such concentration.

Yokota et al.*

reported no dose-response effect among a 1%,
2%, or 3% tetra-isopalmitoyl vitamin C on periorbital wrinkles, with

improving effects even at a low concentration of 1% VC-IP, which

Author (year)

Melasma or lentigines

Huh et al. (2002)*?

Ishikawa et al. (2019)%*

Perez et al. (2004)’

Kim et al. (2020)**

Photodamage
Traikovich (1999)%

Humbert et al. (2003)*%

Fitzpatrick et al. (2002)?°

Self and clinical assessment results

61.5% of volunteers graded both the vitamin and placebo side

with a score of 4/5 or 5/5.

No significant differences between vitamin C and placebo on

photo-scale evaluation, although there was a slight decrease
on both on solar lentigos (SL) and non-lesional surrounding

skin (NLS).

Vitamin C was considered excellent in 2/16, good in 8/16,
moderate in 4/16, and mild in 2/16. Hydroquinone was
considered excellent in 8/16, good in 7/16, moderate in

1/16, and mild in none. Data showed statistical significance

for the hydroquinone side.

Moderate improvement in melasma on the treated side and
minimal to moderate on the non-treated side (p <0.05) on
investigator assessment.

84.2% of the volunteers preferred the results of the treatment

over placebo (p=0.002). Significantly more improvement
with vitamin C for fine wrinkling (p=0.002), tactile
roughness (p=0.04), coarse rhytids (p=0.01), skin laxity
(p=0.03), sallowness (p=0.03), and overall assessment
(p=0.02). No significant differences in visual dryness,
telangiectasias, mottled pigmentation, or keratoses. On

photographic assessment, the active side was preferred vs.

placebo in 11 (57.9%) subjects (p=0.01)

Global score (physician + volunteer assessment) was 6.7 +1.6

at baseline, 5.0+ 1.0 at 3M and 4.4+0.7 at 6M (p<0.05).
Hydration, wrinkles, glare, and brown spots improved in

both groups and roughness, suppleness and small wrinkle
scores improved significantly only in the vitamin C group.

4/10 patients reported greater improvement of the wrinkles
and 3/10 a greater improvement in hydration. No
differential improvement in pigment was reported.
Excluding the forehead area, average improvement of
wrinkling scores was 25% vs. 7.67% placebo (p=0.08).
All patients with dry skin improved to normal hydration

bilaterally. 3/5 patients with depigmentation, improved both

on the treatment and placebo-sides.

Objective assessment

Gradual reduction of AL values in the treated
site (p=0.002) with significant difference
to the placebo-treated site (p=0.03); AL
before treatment was on average 4/60; after
12weeks AL=2.78.

Vitamin C treated SLs had a significantly higher
AL value vs. placebo (p<0.001). 7/27 had
a visibly recognizable level (AL >2). The
AM (melanin index) significantly decreased
for the SL (MI from 212.50+33.83 to
188.65+33.16) and NLS in the treated sites.

AM (melanin index difference) on the patients
using vitamin C showed improvement of
hyperpigmentation in 14/16 patients and
worsening in 2/16. A lightening effect was
noted in the third month of use. All patients
on the hydroquinone had a colorimetric
improvement with results noted in the first
month.

Significant reduction (p<0.05) in the Ml
(182.2+32.97 to 160.56 +29.18) and the
MSS score (2.22+0.56 to 1.94+0.64) on the
treated side vs. placebo.

Analysis of the skin surface impressions showed
significantly more improvement with active
treatment in the north-south axis in 14/19
patients (p=0.03). No significant differences
were seen in the east-west orientation for
any of the parameters.

Skin relief measurements: increase in density
of skin microrelief vs. placebo (p>0.01) and
a decrease in deep furrows (p<0.01). On
biopsy: re-appearance of composite elastic
fibers in the upper dermis and more evenly
distributed type | collagen. No changes in
fibrocytes or dermal collagen.

Four patients had an increase in the average
epidermal thickness and Grenz zone collagen
on the treated side. 3/4 patients revealed a
more intense staining for type | collagen on
the vitamin C side.
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Random sequence generation (selection bias) -

FIGURE 2 Risk of bias graph: review

Alloation concealment (selection bias) _
Blinding of participants and personnel (performance bias) _

authors' judgments about each risk of bias
item presented as percentages across all
included studies.

Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _:l

Ocher bias [

b zix

S0X 73X 100%

[ Low risk of blas []unclear risk of blas

[l High risk of blas |

=~ | Random sequence generation (selection bias)

DD DO P ®| @ Alocation concealment (selection bias)

Fitzpatrick 2002
Huh 2002 | 7

Humbert 2003 | 7
ishikawa 2019 | 2
Kim 2020 | @
Perez 2004 | 2
Tralkovich 1899 | 7

DO D D ®|®|0therbias

DD O O ®| @ ncompleteoutcome data (attrition bias)
DD D D ~|®|@® selective reporting (reporting bias)

@D PO ® @ ®|® | sinding of participants and personnel (performance bias)
P DD O ® ®|® sinding of outcome assessment (detection bias)

FIGURE 3 Risk of bias summary: review authors' judgments
about each risk of bias item for each included studies.

reiterates the need to design comparative studies to find the ideal
concentration.

Since the levels of vitamin C available in the skin after oral inges-
tion are limited by regulatory mechanisms, topical delivery became

attractive.® However, vitamin C is a water-soluble and charged
molecule that is repelled by the epidermal cells.? To overcome this
challenge, it is necessary that the pH level is below 4 and that the
molecule is stable enough not to oxidate.!” To overcome this chal-
lenge, several derivatives, lipid-soluble analogues, conjugates, and
protocols have been created to assist the transport into the epider-
mis. There is currently a huge variety of protocols, combining vita-
min C with procedures such as iontophoresis, ultrasound, laser, or
micro-needling. However, these studies remain small, and there are
no comparative studies to determine the optimal delivery method.

All of the three RCTs included in this systematic review that
evaluated the topography of skin treated with topical ascorbic acid
indicated that the skin treated appeared smoother and less wrinkled
compared with placebo/control. Humbert et al.'s*® study corrobo-
rates in vitro studies that showed topical ascorbic acid may promote
the activation of a dermal synthesis of elastic fibers.'® In this study,
there were no changes in dermal collagen, but Traikovich et al.'’?
revealed an increase in collagen in the dermal-epidermal junction.
Hence, these studies support what was primarily found in cultures of
fibroblasts derived from normal human skin'® and provide evidence
that topical vitamin C helps restore the elasticity of photodamaged
skin and reduce wrinkling.

Hydration improved both in the vitamin C and placebo areas
in the three studies where this was an assessed parameter, which
suggests that enhanced hydration is not an effect of vitamin C but
instead a result of more regular skincare.

On objective assessments of pigmentation, both in patients with
melasma and with solar lentigines, there was a significant lightening
of the skin treated with ascorbic acid. Nonetheless, clinical and self-
assessment results did not corroborate this, as vitamin C was only
preferred to placebo concerning hyperpigmentation reversal in one
of the five studies that included this outcome. Besides that, although
these studies were mainly double-blinded, it is worth mentioning that
because it is common for patients to feel a small stinging in the area
where vitamin C is applied, there may be some distortion in patient ap-
praisal scores, leading them to overestimate the treated-site changes.

This discrepancy between pigmentation levels and clinical or
self-assessments might have occurred because, within the time-
frame of the studies, the decrease was not distinct in visible skin
pigmentation and longer studies are needed to determine how long
the protocols must be to result in a visible change.
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In Kim et al's study,** the only RCT demonstrating a visible
lightening of facial lentigines and melasma assessed by two blinded
dermatologists after the 2-week protocol was also the only one
that included a Q-switched 1064-nm Nd:YAG laser pre-treatment.
Studies have demonstrated that laser pretreatment could increase
the permeability and depth of penetration of topically applied mole-
cules so the better absorption of vitamin C and the melanin granule
dispersion caused by the selective photothermolysis could explain
the improved results.**?° However, a study comparing this protocol
without the laser pre-treatment is necessary to understand its role
in these results and do a risk-benefit analysis that considers the hy-
popigmentation, rebound hyperpigmentation, and ochronosis that
has been reported in other studies using the Q-switched 1064-nm
Nd:YAG laser.?°

In addition, Perez et al.” showed that there were no differences
in colorimetric assessment between hydroquinone and vitamin C,
with the latter presenting fewer adverse effects and raising fewer
safety concerns. This suggests that ascorbic acid may be used as part
of the melasma treatment, and more studies need to be conducted
to confirm these findings and identify compounds that can have an
additive lightening effect and thus create a better treatment option
for melasma.

Concerning photoaging, retinoids have been a mainstay and al-
though there is indeed robust evidence of its efficacy, it is also true
that it is accompanied by several adverse effects such as pruritus, er-
ythema, peeling, and photosensitization.?* Moreover, its use is con-
traindicated in pregnant and women trying to conceive and therefore
vitamin C may be an alternative for long-term use, as it carries fewer
risks, has a shorter range of side effects, and toxicity was only doc-
umented under laboratory conditions with 100-200 times the daily
recommended dose, giving vitamin C a very high safety profile.??
Moreover, it is safe to use during pregnancy which is very important
considering female sex hormones that are increased during gesta-
tion accelerate the development and aggravate melasma.’

Herndon et al.? tested an 0.5% retinol treatment combined with
a moisturizer with 30% vitamin C in 44 women which revealed an
improvement in clinical grading scores for all parameters assessed
including hyperpigmentation, wrinkles, and overall photodamage, as
soon as in the 4th week of evaluation This suggests that these two
compounds can even be used simultaneously to improve outcomes,
using a lower concentration of retinol, and therefore having better
tolerability.

Despite the limitations regarding the heterogeneity of the stud-
ies included in this systematic review, overall, this work supports the
use of vitamin C to treat uneven, wrinkled skin and demonstrates
that ascorbic acid has depigmenting properties, useful in photodam-
aged skin and melasma, but long-term use is needed to achieve no-
ticeable changes. Therefore, topical vitamin C seems to be a suitable

compound to improve skin photodamage and treat melasma.
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