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Abstract: The global market for alpha-hydroxy acids (AHAs) is undergoing significant expansion, propelled by increasing demand 
for skincare products that address aging and environmental damage. This review focuses on the dermatological applications of AHAs, 
particularly in cosmetic formulations like chemical peels. We have identified that AHAs, such as glycolic and lactic acids, enhance 
skin rejuvenation by promoting apoptosis in skin cells, boosting collagen and elastin synthesis, and improving skin texture and 
luminosity. Our comprehensive analysis reveals a nuanced understanding of AHAs’ effectiveness across various skin types and 
conditions, demonstrating their broad utility in treating conditions like acne, hyperpigmentation, and photoaging. However, the optimal 
concentrations for therapeutic efficacy with minimal side effects are yet to be precisely defined, necessitating further research. 
Regulatory compliance is underscored as essential for the safe application of AHAs in cosmetics, with international guidelines 
recommending specific concentrations and pH levels to minimize potential skin irritation. In Conclusion, the review highlights the 
effectiveness of AHAs in cosmetic dermatology, emphasizing the necessity for continued research and rigorous regulatory adherence 
to maximize their safe and beneficial application worldwide. 
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Introduction
In 2021, the total value of the global AHAs market was estimated at $1.2 billion. The global AHA is projected to reach 
USD 3.2 billion by 2030, at a compound annual growth rate (CAGR) of 8.5% during the forecast period 2021 to 2030.1 

Global warming has boosted the sales of skincare products, including sunscreen lotions, creams, and serums, driving up 
demand for AHAs throughout the world.2 Preventing the onset of premature aging, boosting the synthesis of elastin and 
collagen, and improving circulation are major factors driving the need for AHA products.

Chemical peels are a widely used cosmetic procedure that aims to rejuvenate the skin by removing dead skin cells and 
promoting cell turnover.3 AHAs are a class of organic acids commonly used in chemical peels due to their ability to 
exfoliate the skin, increase skin turnover, and stimulate collagen and elastin synthesis.4 Among the AHAs, glycolic acid 
and lactic acid are the most commonly used in cosmetic formulations. These acids are available in different concentra
tions and formulations, making them suitable for a wide range of skin types and conditions.5,6

AHAs have been shown to induce apoptosis, or programmed cell death, in skin cells. This effect is believed to be 
responsible for the anti-aging and skin-rejuvenating properties of AHAs.7 However, the optimal concentration and 
formulation of AHAs for inducing apoptosis while minimizing skin irritation and adverse effects are still under 
investigation. Moreover, the effectiveness of AHAs in treating specific skin conditions, such as acne, hyperpigmentation, 
and photodamage, varies depending on the type and severity of the condition and the patient’s skin type and color.8 The 
selection of appropriate AHAs to use could be influenced by several factors, including formulation, concentration, pH, 
type of skin, color of skin, and the purpose of use.9
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Chemical peels are widely embraced for skin rejuvenation and treating dermatological conditions. These procedures 
employ specific peeling agents to disrupt intercellular bonds, facilitating the removal of dead skin cells. Among AHAs, 
Glycolic Acid from sugar cane is commonly used due to its small size, enabling effective skin penetration.10 Lactic Acid 
from milk, known for its hydrating properties, is favored for dry skin.11 Mandelic Acid from almonds, with a larger 
molecular size, penetrates skin slowly, reducing irritation.12 Chemical peels effectively treat Acne Vulgaris by exfoliating 
and unclogging pores, and Melasma by reducing hyperpigmentation.13 They diminish wrinkles by stimulating collagen 
synthesis and treat Actinic Keratosis, a precancerous condition. Chemical peels repair Photodamage, improve skin 
pigmentation disorders, and reduce Acne Scars by promoting collagen production.10,13

AHAs are generally considered safe for use in cosmetic formulations when used within the recommended concentra
tions and formulations. However, some patients may experience skin irritation, redness, or other adverse effects, 
especially when using higher concentrations or when combining AHAs with other skin treatments.14 Therefore, it is 
important to follow the instructions for use and to consult with a qualified healthcare provider before undergoing any 
cosmetic procedure.

The use of AHAs in cosmetic formulations is a growing market, with many skincare brands offering products 
containing different AHAs and formulations. The market is expected to continue growing due to the increasing demand 
for safe and effective anti-aging and skin-rejuvenating products.15 However, more research is needed to fully understand 
the safety and efficacy of AHAs in different concentrations and formulations and to develop optimal treatment protocols 
for different skin types and conditions.

This review critically evaluates the legal and clinical landscapes of AHAs, primarily focusing on their dermatological 
applications in cosmetic formulations such as chemical peels. AHAs, notably glycolic and lactic acids, have been 
extensively used due to their exfoliating properties, which promote skin rejuvenation by enhancing collagen and elastin 
synthesis and inducing apoptosis in skin cells. The review highlights the variations in AHA formulations and concentra
tions, illustrating their adaptability to different skin types and conditions. Despite their widespread acceptance and 
reported efficacy in mitigating signs of aging and improving skin texture, the optimal concentrations that balance efficacy 
with minimal adverse effects remain under investigation. Furthermore, this paper underscores the importance of 
regulatory adherence to ensure the safe use of AHAs, reflecting on international guidelines that recommend specific 
concentrations and pH levels to minimize potential skin irritation. The flourishing global market for AHA-incorporated 
products, projected to reach significant growth by 2030, suggests a promising future for these compounds in dermato
logical practices and cosmetic industries alike.

Materials and Methods
A comprehensive approach taken for the review of the efficacy and safety of AHAs in dermatological practices. 
Structured as a narrative review, the methodology incorporates an extensive examination of a diverse array of scientific 
literature, extending from the earliest relevant studies to the most recent. This body of evidence encompasses randomized 
controlled trials, cohort studies, and case reports that critically assess the effectiveness of AHAs across various skin types 
and conditions, with a specific emphasis on acne, hyperpigmentation, and photoaging.

A critical aspect of the review is regulatory compliance, which entails a meticulous analysis of guidelines recom
mended by international regulatory bodies such as the Food and Drug Administration (FDA) and the European 
Medicines Agency (EMA). This analysis covers permissible AHA concentrations, pH levels, UV sensitivity, and skin 
barrier damage.

Additionally, the review probes the global market outlook for AHAs, employing authoritative market research reports 
and trend analyses. This exploration elucidates variations in AHA formulations and concentrations, highlighting their 
adaptability to different skin types and conditions. The methodology deployed ensures a rigorous and comprehensive 
analysis of both the clinical and regulatory landscapes, supported by an exhaustive synthesis of the available scientific 
evidence. This approach not only reinforces the findings regarding the therapeutic efficacy of AHAs but also underscores 
the critical nature of adhering to established regulatory standards to ensure safety and effectiveness in dermatological 
applications.

The inclusion and exclusion criteria for the review presented in this narrative review are presented here:
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Inclusion Criteria
1. Type of Studies: The review includes a broad range of scientific literature encompassing randomized controlled 

trials, cohort studies, and case reports that assess the effectiveness of AHAs across various skin types and 
conditions.

2. Conditions Treated: The review focuses on the use of AHAs in treating specific dermatological conditions such as 
Acne Vulgaris, Melasma, Actinic Keratosis, Acne Scars, Hyperpigmentation, and photoaging.

3. Types of AHAs: Studies involving the most commonly used AHAs in cosmetic formulations, particularly glycolic 
acid, malic acid, mandelic acid, citric, and lactic acid, are considered. Studies examining other AHAs like 
trichloroacetic acid are also included based on their relevance to skin treatment outcomes.

Exclusion Criteria
1. Non-Dermatological Applications: Studies not related to dermatological or cosmetic use of AHAs were excluded 

to maintain the review’s focus on skin rejuvenation and treatment.
2. Insufficient Data on Safety and Efficacy: Any studies lacking robust data on the safety and efficacy of AHAs, or 

those not meeting the rigorous standards for inclusion such as clear methodological descriptions, were likely 
excluded.

3. Irrelevant Conditions: Research focusing on conditions not directly related to the indications of AHAs such as 
non-skin related diseases were not included.

Regulation of AHA Peels
For regulatory compliance, it is imperative to evaluate two primary parameters: UV sensitivity and the extent of skin 
barrier damage. These assessments are critical for determining the safety and effectiveness of skincare products 
containing AHAs.16 UV sensitivity is typically quantified using the no observed adverse effect level (NOAEL) for 
sunburn cells (SBC), which helps establish the optimal threshold concentration for AHA usage.17 Additionally, the 
minimal erythemal dose (MED) serves as a vital indicator, measuring the degree of erythema produced by UV-B 
radiation exposure after AHA application at varying concentrations and durations.18 Transepidermal Water Loss (TEWL) 
is a test that is used to measure skin barrier damage.19,20 On TEWL tests, skin penetration for the specific compound is 
measured following the AHA application. The penetration is measured via several methods, such as the concentration of 
the tested compound in urinary excretion.21 Adherence to regulatory standards set by organizations like the Food and 
Drug Administration (FDA) and the European Medicines Agency (EMA) ensures that skincare products undergo 
rigorous evaluation to guarantee consumer safety and efficacy. Compliance with these standards is essential for 
manufacturers seeking approval or certification to market their products. Therefore, integrating these regulatory con
siderations into the evaluation of AHAs is fundamental for meeting industry regulations and safeguarding public health.

International guidelines on the use of AHAs vary across regions such as the United States, Europe, and Australia. In 
2005, the US FDA issued guidance on AHA concentrations, recommending that cosmetic products contain no more than 
10% AHA, with a pH of 3.5 or higher for over-The-counter use.22 Besides, it should either be formulated with an SPF, or 
its labels contain a clear statement to use an appropriate SPF. Higher concentrations of glycolic 30% with a pH up to 3 
for well-trained professionals and salons in a base of discrete use followed by a throughout rinsing and appropriate use of 
SPF protections.22 Basically, the mentioned recommendations were based on the Cosmetic Ingredients Review (CIR) in 
1998 and the updated re-review in 2013.23

The European Union (EU) adheres to more stringent regulatory standards compared to other regions. In 2000, the 
EU’s Scientific Committee on Cosmetic Products and Non-Food Products Intended for Consumers (SCCS) recommended 
that glycolic acid be used safely at concentrations up to 4% with a pH of at least 3.8, and lactic acid up to 2.5% with a pH 
of at least 5. They also advised precautions such as avoiding sun exposure, using adequate sun protection factor (SPF), 
and preventing eye contact.24 This position was reaffirmed in 2004.25 Additionally, in 1998, the Federal Republic of 
Germany aligned with these precautionary measures, coinciding with the initial report from the Cosmetic Ingredient 
Review (CIR).26 This alignment was partly due to glycolic acid being designated a Priority Existing Chemical following 
numerous reports of skin irritation.26 Notably, prior to these regulations, in 1992, the US Food and Drug Administration 
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(FDA) had received several reports concerning skin issues from the use of AHAs by non-professionals, which high
lighted the absence of clear guidelines on safe concentrations at that time.26

Chemical peels, containing active acidic ingredients such as glycolic acid, trichloroacetic acid, salicylic acid, and 
lactic acid, often exceed concentrations of 10–15%, thus falling outside the cosmetic category under European regula
tions. In Spain, for instance, these products are classified as “Hygienic Products”. The categorization of chemical peels 
varies significantly worldwide; depending on their intended use, composition, and resultant skin effects, they may be 
regulated as medical devices, subject to new medical device regulations, or even classified as pharmaceuticals in various 
jurisdictions.27

According to Regulation (EC) No 1223/2009 by the European Parliament and Council, cosmetic products are those 
intended to be applied to external parts of the human body (such as the epidermis, hair, nails, lips, and external genital 
organs) or to the teeth and mucous membranes of the oral cavity primarily to cleanse, perfume, alter appearance, protect, 
keep in good condition, or correct body odors. This regulation stipulates specific guidelines on what constitutes 
a cosmetic, emphasizing that products not fulfilling these criteria, especially those with therapeutic claims or higher 
concentrations of active acids, could be subject to more stringent regulations.28

In the European Union, the classification of medical devices is determined by a risk-based system which considers the 
potential vulnerability of the human body to the devices and the associated risks. Products designed to perform a specific 
medical function, which might include certain types of peels intended for deep skin penetration or significant physio
logical effects, could be classified as medical devices. This classification is based on the degree of risk involved and the 
intended purpose of the product.29

In 2000, Australia’s National Industrial Chemicals Notification and Assessment Scheme (NICNAS) considered that 
the chemical is corrosive at concentrations less than 30% and only slightly irritants at 10%, and thus they suggested 
establishing a level of irritant and corrosive effect between 10–25%.30 They further suggested that the use of Glycolic 
acid at any level in cosmetics should be listed in the standard listing procedure for drugs and poisons.30 In 2005, The 
Australian Society of Cosmetics and Chemists (ASCC) suggested that glycolic acid should be exempted from this listing 
if it is formulated at a concentration of 20% or less in skin care products and 10% or less in around-The –eye products at 
PH of 3.5 or higher in both scenario.31 This statement is perhaps the most flexible in comparison to Europe and US. 
Besides, they believed that there is no strong evidence to claim that Glycolic acid with 5% or less is harmful to unborn 
babies. Glycolic and Lactic acids should be exempted from any regulatory issues if they are formulated in 5% or less 
with a PH of 4.5–7.31

Generally, the regulatory affairs recognized, perhaps, three distinct categories: daily home use, intermittent salon and 
professional use, and medical use by dermatologists. Accordingly, 10% for daily skin care, less than 30% for well-trained 
professionals and salons, and drugs if higher than this, with pH range from more than 3.5, 3, and less than 3, 
respectively.21 It should be noted that there is no clear distinction between categories 2 and 3 in some guidelines, as 
both are considered well-trained professionals.21

It is essential for consumers to be aware of these differences to ensure the safe and appropriate use of AHAs in 
various settings. The concentration of AHAs in both pharmaceutical and cosmetic products is important to consider when 
choosing a product for a particular skin condition.32 Higher concentrations may result in more effective treatment but 
also increase the risk of skin irritation and sensitivity. Lower concentrations may be more suitable for daily use but may 
not provide the desired therapeutic effect.32

Chemical Structure and Apoptosis Function of AHA
Alpha hydroxy acids are classified based on their molecular structures and the presence of hydroxy groups.31 Single 
AHAs, such as glycolic acid (GA) from sugar cane, lactic acid (LA) from milk, and mandelic acid from bitter almonds, 
are defined by their simpler structure containing a single hydroxy group.32 These AHAs are highly valued in skincare due 
to their effective skin penetration and exfoliation capabilities. For example, glycolic acid is noted for its small molecular 
size, which facilitates deep skin absorption, enhancing exfoliation and promoting cellular rejuvenation. Poly AHAs, 
including malic acid (MA) from apples and tartaric acid (TA) from grapes, possess multiple hydroxy groups. Tartaric 
acid, in particular, is utilized not only for its exfoliating properties but also for its role in stabilizing pH levels in skincare 
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formulations, contributing to the antioxidant defense system of the skin.10 These multi-group AHAs are less commonly 
used individually but are essential in complex formulations for their synergistic effects, providing a balanced exfoliation 
that minimizes skin irritation.33 Citric acid, although typically recognized as a mono AHA, can also act as a poly AHA 
due to its multiple acid groups, crucial for antioxidant protection and pH adjustment in cosmetic products.34 Despite their 
structural differences, all AHAs work by breaking down the bonds between dead skin cells on the surface of the skin, 
revealing brighter, smoother, and more even-toned skin underneath. Table 1 delineates the molecular weight, natural 
source, and therapeutic indications of AHAs, while Figure 1 illustrates the chemical structures of various AHAs.

It has been confirmed that both forms of LA are equally efficient at boosting cellular renewal activity. There were 
various molecular mechanisms involved in the AHA-induced apoptosis, some of which were caspase-dependent while 
others were caspase-independent. There are distinct functions for CA and MA in skin cells. CA was observed to stimulate 
the production of collagen I and procollagen II, whereas GA enhanced the epidermis and dermis, proving the efficacy of 
AHAs in reversing photoaged skin.35 When applied to sun-damaged skin, CA at a dosage of 20% may enhance both 
epidermal thickness and glycosaminoglycan levels. The skin rejuvenation rate may be boosted by CA, and it can also be 
used to heal sun damage.36 Inducing apoptosis in keratinocytes may be related to these activities.

Initiation of apoptosis may occur through two major pathways: the death-receptor-dependent pathway (extrinsic 
pathway) and the mitochondria-dependent pathway (intrinsic pathway).37 Induction of apoptosis is regulated by several 
pathways in the cell, but one of the most critical involves the Fas receptor, Fas ligand, and caspase-8.38 HaCaT 
keratinocytes were isolated from a male melanoma patient’s normal peripheral skin biopsy.39 HaCaT cells and primary 
normal human epidermal keratinocytes (NHEK) vary in fundamental ways (eg, p53 mutations), but NHEKs have 
a shorter lifespan and can only be cultured for a few passages. For this reason, NHEK is often replaced by HaCaT 
since it is non-tumorigenic after being induced with the CA. CA (12.5 mM) was discovered to trigger apoptosis through 
the caspase-dependent pathway by activating caspase-9 and caspase-3.40,41 It was elucidated that CA triggered the BH3- 
interacting domain death agonist (BID) protein, upregulated caspase-8, and triggered death receptors. In HaCaT cells, CA 
triggers apoptosis through the mitochondrial route.42,43 The skin’s regeneration rate may accelerate as a result of these 
mechanisms.

In the context of malic acid, investigations have revealed its capability to impede cell cycle advancement specifically 
at the G0/G1 phase, thereby manifesting an inhibitory influence on the proliferation of HaCaT cells.44 When MA was 
given at a concentration of 15 mM, many proteins involved in endoplasmic reticulum stress (GRP78, GADD153, and 
ATF6) were shown to be upregulated.44 Despite their distinct chemical structures, CA and MA have a common ability to 
trigger apoptotic pathways. In response to CA or MA, HaCaT cells undergo caspase-3, −8, and −9 activation from 

Table 1 A Comparison of Various Alpha Hydroxy Acids Commonly Used in Skincare, Including Their Molecular Weight, Number of 
Hydroxyl Groups, Natural Sources, Recommended Uses, and Suitable Skin Types

AHA Molecular 
Weight

Number of 
Hydroxyl Groups

Source Use Skin Type

Glycolic Acid 72 Single Sugar cane Fine lines, wrinkles, acne, 
hyperpigmentation, and uneven skin tone

All except sensitive skin

Lactic Acid 90 Single Milk, fruit Dry skin, fine lines, wrinkles, 
hyperpigmentation, and uneven skin tone

Dry, dehydrated, and 
sensitive skin

Mandelic Acid 152 Poly Bitter almonds Acne, hyperpigmentation, and uneven skin 
tone

Sensitive, only 
combination acne- 

prone

Malic Acid 134 Single Apples Fine lines, wrinkles, and hyperpigmentation All except sensitive skin

Tartaric Acid 150 Poly Grapes Fine lines, wrinkles, and hyperpigmentation Dry and sensitive skin

Citric Acid 192 Poly Citrus fruits Fine lines, wrinkles, hyperpigmentation,  
and uneven skin tone

Sensitive, only 
combination acne-prone
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mitochondria, resulting in apoptotic characteristics such as an increase in sub-G1 cells, apoptotic bodies, and DNA 
damage.45 Increased skin regeneration may be due to CA’s ability to induce apoptosis in keratinocytes, which would 
explain why CA has been linked to this effect. There is evidence that MA exhibits antibacterial properties since it has 
recently been studied for its potential to cure skin infections caused by Listeria monocytogenes.46 In addition, Yamamoto 
et al35 found that AHAs have the potential to regenerate photo-aged skin, which led them to conclude that this treatment 
option is worth exploring. These latest discoveries show that MA and CA serve a wider variety of biological roles in skin 
cells than previously thought. Refer to Figure 2 for elucidation on the mechanism underlying keratinocyte apoptosis 
induced by AHAs.

Comprehensive Chemical Peel Treatment Protocol
This comprehensive treatment protocol outlines the key steps involved in chemical peel procedures, including priming, to 
prepare the skin for the peeling process and the subsequent regenerative phase. To achieve optimal results, tretinoin is 
frequently applied one month prior to the peeling procedure. This pre-treatment step enhances the uniformity of peel 
penetration, leveraging tretinoin’s modulatory effects on the skin’s surface.47 In addition, tretinoin pretreatment helps to 
accelerate recovery time after treatment.47,48 Tretinoin concentration is adjusted based on individual skin response. Those 
who are allergic to tretinoin may switch to an AHA as an alternative. Sunscreens, which work by blocking UV rays from 
reaching the skin, are essential for preventing post-inflammatory hyperpigmentation.47 A hydroquinone-based prepara
tion may be necessary for patients with a dark phototype. If a patient has a history of herpes infection, they should begin 
taking oral anti-herpes medication the day before a medium- or deep-depth peel and continue doing so for a whole week 
thereafter.47 Kojic acid may work in a similar but weaker action than hydroquinone.

Pretreatment, the subsequent step following priming, involves a meticulous cleansing of the treatment area to initiate 
every peeling procedure. This stage is crucial as it prepares the skin for the even application of the chemical peel 
material, which is essential for achieving the best results.47 Some investigators recommended using acetone to remove 
the stratum corneum of its dead tissue and fatty deposits before proceeding with a thorough cleansing of the skin.47 After 
that, the skin is washed and patted dry.

Treatment usually utilizes compresses, cotton, fingertips, an applicator, or a brush to apply the peeling agent to the 
skin. This application should be even and may be layered for enhanced effectiveness. Each layer should remain on the 
skin for approximately 5–10 minutes or until erythema appears. The duration of contact is dependent on the causticity of 
the chemical used and the depth of penetration desired.49 Generally, 4–6 week treatments are required about 3–7 days 
apart, depending on the depth of it. In Professional Home-kit cosmetics, twice a week is reasonable or based on your skin 
type.47 To neutralized, NaHCO3 or water is used once erythema is evident or once the required peel is achieved. At the 

Figure 1 Chemical Structures of Various Mono- and Poly-Alpha Hydroxy Acids.
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end of each session, a soothing and moisturizing lotion is applied. Following a deep or medium peel treatment, some 
experts recommend wearing a bandage.47 The whole face or just a specific area might be treated. Facial anatomy is then 
broken down into four different “aesthetic units” (upper lip, both cheeks, and forehead).49,50 To reduce the visibility of 
the treatment boundary, we treat the whole unit at once.

Post-peeling care, the step following treatment, is essential for the recovery and maintenance of skin post-procedure. 
After a superficial peel, continuous hydration is sufficient.48 For a medium peel, a week of recovery is typically needed, 
during which a moisturizer-based regimen supports the healing process. Deep peels require more extensive postoperative 
care, extending up to ten days, often necessitating social isolation due to the visible effects on the patient’s appearance. 
Attentive daily care, utilizing moisturizers or bandages, is crucial during this period.48 Additionally, the prolonged use of 
sunscreen is recommended following medium and deep peels to protect the newly sensitive skin.

Following a chemical peel procedure, it is essential to prioritize post-peeling care to optimize treatment outcomes and 
minimize potential adverse effects. Scientific recommendations advocate several key practices to guide post-peeling 
skincare routines. Firstly, stringent avoidance of sun exposure is paramount, as the skin becomes more vulnerable to 
sunlight following a peel, thereby reducing the risk of complications. Additionally, diligent application of sunscreen 
containing a sufficient sun protection factor is imperative, especially during periods of heightened UV exposure, to 

Figure 2 Mechanistic Pathways of Apoptosis in Keratinocytes Influenced by Alpha Hydroxy Acids for Dermatological Cellular Renewal.
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safeguard the skin from UV-induced damage.51 Furthermore, caution should be exercised in the use of skincare products 
containing acids, such as AHAs and Beta Hydroxy Acids (BHAs), during sunny months, with evening application 
recommended and daytime sunscreen application mandated to mitigate potential adverse effect. Lastly, adopting a post- 
peeling skincare regimen comprising gentle, hydrating products enriched with replenishing ingredients such as squalane, 
ceramides, and fatty acids is advised to alleviate dryness and irritation and support skin barrier recovery.52

The Efficacy of AHA as Chemical Peels
Glycolic Acid
Chemical peels have gained popularity in recent years for treating various skin conditions, including melasma, acne, and 
signs of aging. The efficacy of AHAs has been investigated in numerous studies for treating these conditions.

Melasma is a common pigmentation disorder that has been effectively treated with various AHA chemical peels, 
including glycolic acid (GA) and salicylic-mandelic acid (SM) combinations. Sarkar et al53 conducted a randomized 
controlled trial (RCT) on 90 Indian patients with melasma and observed a significant reduction in melasma area and 
severity index (MASI) scores following treatment with these peels. Additional studies have shown that GA peels are 
effective in reducing MASI scores in patients with melasma.54,55 Furthermore, GA peels combined with modified 
Kligman’s formula resulted in rapid and better outcomes for melasma treatment in dark-skinned patients.56 When 
compared with 2% hydroquinone, GA peels and 0.025% tretinoin showed a significant reduction in the MASI after 6 
and 9 months of treatment (p<0.001). However, they showed that adding 2% hydroquinone to GA peels was associated 
with the risk of post-peel post-inflammatory hyperpigmentation compared to 0.025% tretinoin.57 Another RCT per
formed by the same researchers revealed that among 30 melasma patients, a 35% GA full-face peel significantly reduced 
the MASI. There was no significant difference between a 35% GA full-face peel performed alone and a 35% GA full- 
face peel followed by a 10% or 20% TCA spot peel, indicating that combining the peels in the same sitting does not 
appear to have any synergistic or additive impacts but may rise the adverse reactions.58 Cotellessa et al59 investigated the 
difference between the combination of 50% GA and 10% kojic acid vs 15–25% TCA in terms of disease status. Their 
findings showed that complete regression of diffuse melasma was observed in 30%, partial regression in 60%, and no 
regression in 10% treated with the combination group. Complete regression of localized hyperpigmentations was 
observed in 40%, partial regression in 50%, and no regression in 10% treated with 15–25% TCA. In patients with 
recalcitrant melasma, an RCT compared between GA 20–70% peel with and without topical azelaic acid 20% cream and 
adapalene 0.1% gel. Adding GA 20–70% peel was associated with better outcomes (p=0.048). However, three patients in 
the GA-containing group developed mild-degree postinflammatory hyperpigmentation, which resolved spontaneously.60

Acne vulgaris, a prevalent skin condition, has also been treated with AHAs. Studies comparing GA with other peels, 
such as salicylic acid and amino fruit acid (AFA), have found significant improvements in acne lesion count and skin 
texture. Kessler et al61 conducted a split-face RCT on 20 patients with mild to moderately severe facial acne vulgaris. The 
patients were assigned to GA 30% on one side and 30% salicylic acid on the other side. Both treatments showed 
a significant improvement in the patient’s condition; however, 30% salicylic acid was associated with more persistent 
outcomes and lower adverse events.61 In a similar study, Ilknur et al revealed that the administration of GA 20–70% peel 
in patients with mild to moderate acne was associated with a significant reduction in the number of inflamed lesions. 
Moreover, GA was associated with a rapid reduction in the non-inflamed lesions at the first month of treatment, compared 
to AFA (20–60%), which exerted its effect at the end of the second month.62 In an Egyptian cohort with mild to very 
severe acne, El Refaei et al showed that both groups experienced substantial improvements; however, 35% GA peel was 
less effective than SM in improving the condition of the following lesions: boxcar scars (25.8% vs 29.3%), icepick scars 
(11.9% vs 17.85%), post-acne hyperpigmentation (46.88% vs 66.13%), total acne score (68.50% vs 85.29%), pustules 
(75.65% vs 85.38%), papules (77.78% vs 81.72%), and comedones (35.87% vs 90.2%), respectively.63 Additionally, they 
highlighted that both peeling agents were associated with acne flare, desquamation, dryness, and a burning sensation.63 

When compared with a placebo, 40% GA peel demonstrated a significant reduction in acne lesions in patients with 
moderate to severe acne, with a better response for noninflammatory lesions than for inflammatory lesions. Additionally, 
after 8 and 10 weeks of treatment, sebum levels decreased statistically considerably, although there were no significant 

https://doi.org/10.2147/CCID.S453243                                                                                                                                                                                                                                 

DovePress                                                                                                                    

Clinical, Cosmetic and Investigational Dermatology 2024:17 1668

Almeman                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


differences between the groups.64 Regarding patients with atrophic acne scars, 35% GA peel was found to be better in 
terms of improving skin texture compared to 15% TCA peeling.65 To determine the concentration-related safety of GA, 
Perić et al66 investigated three concentrations of GA (20%, 30%, and 50%) in 90 patients with acne.66 The vast majority 
of patients had a positive experience throughout the treatment. Patients who received 50% GA were associated with 
a significantly higher rate of moderate to severe erythema, desquamation, and sensation of pulling than other concentra
tions. The aforementioned adverse events were easily treatable and did not prevent participants from participating in the 
study. No patients showed signs of post-inflammatory hyper or hypopigmentation in the affected area or in the unaffected 
skin around it.66 In a split-face RCT, Kim et al evaluated the efficacy of 70% GA peel versus Jessner’s solution in 
patients with mild to moderate acne. After three sessions, both treatments showed an improvement in disease activity. 
However, neither treatment approach yielded noticeably different results. In terms of adverse effects, Jessner’s solution 
resulted in much more exfoliation than glycolic acid (p<0.01).67 Another research compared Jessner’s solution to 
a combination of 50% GA (pH 3.0) + 0.5% salicylic acid (SA) for the treatment of acne vulgaris. The total lesion 
count decreased for both the GA and Jessner’s solution groups (P<0.001). However, there was no significant difference in 
the subjective effectiveness rating, acne severity, or overall lesion count between the different sides (P > 0.05). The GA 
side experienced fewer side effects than Jessner’s solution side.68 Overall, the efficacy of GA peels varied depending on 
the concentration and type of acne lesions treated, with generally positive experiences reported by patients. While some 
adverse events were observed, they were typically treatable and did not hinder participation in the studies.

Patients with acanthosis nigricans were investigated in a retrospective study by Zeeshan et al,69 who compared 
salicylic-mandelic acid and maintenance with GA-urea combination cream. One hundred percent of patients saw 
a reduction in lesion thickness and an increase in pigmentation. Forty-one percent had very excellent improvement in 
skin thickening, while 29% experienced moderate improvement. There was a very good or moderate improvement in 
pigmentation for 35% of the population. Most patients had some redness and burning after a peel; however, this generally 
lasted 1–2 days at most. No relapses occurred throughout the following nine months of patient follow-up.69 In patients 
with pseudo-acanthosis nigricans, Zaki et al70 showed that GA 70% peel was significantly more effective than fractional 
CO2 in terms of reducing the Acanthosis Nigricans Area and Severity Index.

In order to assess the anti-aging effect of GA, Rouvrais et al71 conducted an RCT on 57 elderly subjects who were 
assigned to GA peels (20%, 50%, and 70%) or 0.1% RAL associated with Pre-tocopheryl and Glycylglycine Oleamide. 
Both treatments were equally effective in lowering the total number of fine lines and wrinkles at the treatment’s end, 
crow’s feet and periorbital wrinkle length, and crow’s feet wrinkle depth (P=0.30). When compared to peels, the cream 
was much more effective in improving the appearance of the skin’s texture (p=0.025). The anti-aging cream therapy, 
which lasted eight weeks, was well tolerated, with fewer and less severe side effects than those associated with the peels 
(Table 2).71

Lactic Acid
LA can help remove dead skin cells, smooth rough areas, and moisturize the skin. Moreover, it has been shown to 
improve signs of aging by stimulating collagen renewal, which helps keep the skin firm. Lactic acid can also fade sun 
spots or age spots and smooth and soften fine lines and wrinkles, although it is not effective in treating deeper lines. One 
of the applications of lactic acid in skincare is in the treatment of eczema.78 Over-The-counter eczema creams containing 
lactic acid can help alleviate the symptoms of this skin condition. Additionally, lactic acid peels can be performed by 
professionals in day spas (superficial peels) or medical settings (deeper peels) to help manage eczema.79 Most of the 
previously published studies investigated the role of LA as a part of Jessner’s solution, which contains 14 mL of LA, 14 
g of salicylic acid, 14 g of resorcinol, and 100 mg of 95% ethanol.80 Ejaz et al compared Jessner’s solution and 30% 
salicylic acid in 60 patients with melasma. Both groups induced a significant reduction in the MASI score from the 
baseline; however, there was no statistically significant difference between the two groups (p=0.55). The adverse effects 
were mild and similar in both groups.81 On the other hand, Sharquie et al80 conducted a clinical trial on 20 patients with 
melasma who received pure LA (92%; pH 3.5). They showed that all patients experienced a significant decline in the 
MASI score with no recorded adverse effects (Table 3).
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Table 2 Safety and Efficacy of AHAs Peel in Patients with Acne

Study ID Design Sample 
size

Patients Interventions Main Outcome Findings

Kessler et al, 

200861

Split-face, double- 

blind, 
randomized, 

controlled study

20 Mild to moderately 

severe facial acne 
vulgaris

30% GA Quantitative assessment of 

papules and pustules

The glycolic acid and salicylic acid peels were similarly 

effective. The salicylic acid peel had sustained 
effectiveness and fewer side effects.

30% salicylic acid

Ilknur et al, 

201062

Single-blind, 

randomized, 

right-left 
comparison study

24 Mild to moderate 

Acne

GA (from 20% to 70%) peels Cutaneous tolerability 

assessments

Both GA and AFA peels are efficacious for comedonal 

acne. And, compared to a GA peel, an AFA peel is less 

irritating and better tolerated.
AFA (from 20% to 60%)

EI Refaei et al 
201563

Single-center, 
open-label RCT.

40 Mild to very severe 
acne

35% GA (in distilled water) Objective and subjective 
assessment/ Patients’ safety and 

satisfaction

Both peeling agents were effective. However, SMP 
proved to have a higher efficacy than the more 

commonly used GAP.
20% SA+10% MA (in ethyl 

alcohol vehicle)

Kaminaka et al 

201464

Single-center, 

double-blind, 
split-face RCT

25 Moderate to severe 

Acne

40% GA Reduction in acne lesions Forty percent of GA peels significantly improved 

moderate acne in this study. It is effective and safe in 
Asians.

Placebo (hydrochloric acid in 

polyethylene glycol vehicle)

Kim et al 

199967

Single-center, 

single-blind, split- 

face RCT.

26 Mild to moderate 

Acne

70% GA Reduction in acne lesions and 

safety profile

Considering the equal treatment effect and a lesser 

degree of exfoliation in GA, it was recommended to 

use GA over Jessner’s solution for acne patients.
Jessner’s solution (resorcinol, 

salicylic acid, lactic acid in 

ethanol)

Dayal et al, 

202265

RCT 20 Atrophic Acne 

Scars

35% GA Goodman and Baron’s 

qualitative and quantitative 
global acne scar grading systems, 

physician’s global assessment, 

and VAS

Both combinations were equally efficacious in treating 

acne scars. Glycolic acid peel delivered additional 
advantage of improvement in skin texture.

20 15% TCA peeling

Dayal et al, 

201972

Comparative 

study

25 Mild-to-moderate 

acne vulgaris

45% mandelic acid Reduction in acne lesions and 

safety profile

About 45% MA peel was found to be equally effective 

as 30% SA peel in mild-to-moderate facial AV. 
However, safety and tolerability of MA peel were 

better than SA peel.

25 30% salicylic acid
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Bs et al, 
202173

Comparative, 
retrospective 

analysis

22 Acne and Acne- 
Induced 

Pigmentation

Salicylic acid-mandelic acid peel Complication rate and patients’ 
satisfaction

The use of isotretinoin did not result in any 
complications; hence, they encouraged combination 

therapy to achieve enhanced and faster resolution of 

acne.

18 GA peels (20%, 50%, and 70%)

7 Modified Jessner’s peel

Dixit et al, 
202274

Double-blind 
randomized 

single-center 

interventional 
open-label study

28 Acne tarda Low-dose isotretinoin alone Reduction in acne lesions and 
safety profile

The combination of oral isotretinoin with SM peeling 
was highly effective and could be used as newer 

therapy against AT without any serious side effects.
30 Low-dose isotretinoin and 

combination with salicylic acid 
and mandelic peel

Nofal et al, 

201875

Comparative 

study

15 Mild-to-moderate 

acne

Modified Jessner’s solution 

followed by TCA 20% on the 

right (Rt) side of the face vs 
TCA 30% on the left (Lt)

Reduction in acne lesions and 

safety profile

Combination peels achieved a higher and earlier 

therapeutic response with a reasonable cost that is 

maintained for a relatively long periods than single 
peel. Combination sequential peels gave the best 

results.
15 Combination peels of salicylic 

(20%) mandelic (10%) acids (SM) 

mixture on the Rt half vs salicylic 

acid 30% on the Lt half.

15 Combination sequential peeling 

of MJ and TCA on the Rt side vs 
SM combination peels on the Lt 

side.

Dayal et al, 

201676

RCT 20 Mild-to-moderate 

facial acne in Indian 

patients

30% SA Michaelsson acne scores (MAS) 

and clinical photographs

30% SA peels were more effective than JS peels in the 

treatment of noninflammatory lesions, that is, 

comedones and in overall improvement of mild-to- 
moderate facial acne vulgaris.

20 Jessner’s solution peels

How et al, 
202077

A randomized, 
double-blinded, 

split-face, 

controlled trial

36 Acne vulgaris and 
postacne 

hyperpigmentation 

in patients with 
colored skin

Salicylic acid (SA) 30% Michaelsson acne score (MAS), 
photographs, and postacne 

hyperpigmentation index 

(PAHPI)

Both JS and SA were equally effective in the treatment 
of acne vulgaris and reducing postacne 

hyperpigmentation in patients with colored skin.
Jessner’s solution
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Table 2 (Continued). 

Study ID Design Sample 
size

Patients Interventions Main Outcome Findings

Jae et al, 
201868

Prospective, 
randomized, 

evaluator-blind, 

split-face clinical 
trial

20 Acne vulgaris Jessner’s solution Reduction in acne lesions and 
safety profile

Chemical peeling using the 50% GA (pH 3.0) + 0.5% SA 
solution can be as effective and convenient as the 

conventional peeling using Jessner’s solution in the 

treatment of acne vulgaris and may show fewer 
adverse events than the conventional peeling.

50% GA (pH 3.0) + 0.5% salicylic 

acid (SA)

Perić et al, 
201166

Comparative 
study

30 Acne 20% GA Safety profile Chemical peeling with glycolic acid is a well-tolerated 
and safe treatment modality in acne type I.

30 35% GA

30 50% GA

Abbreviations: RCT, Randomized Controlled Trial; GA, Glycolic Acid; AFA, amino fruit acid; JS, Jessner’s solution; VAS, Visual Analog Scale; AT, Acne tarda.
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Table 3 An Overview of Studies Investigating the Efficacy of Various Chemical Peels for the Treatment of Melasma. Studies Include Details Such as Study Design, Sample Size, Patient 
Demographics, Interventions, Main Outcomes, and Key Findings

Study ID Design Sample 
size

Patients Interventions Main Outcome Findings

Sarkar et al, 

201653

RCT 30 Indian 

Patients 
with 

Melasma

GA-35% peel Melasma area and 

severity index

GA (35%) and SM acid peels are both equally efficacious and a safe 

treatment modality for melasma in Indian skin, and are more effective 
than phytic acid peels

30 Salicylic-mandelic (SM) acid  

(20% salicylic/10% mandelic acid)

30 Phytic combination peels

Erbil et al, 
200760

RCT 16 Recalcitrant 
melasma

GA peels (20–70%) in combination 
with topical azelaic acid 20% cream 

(b.i.d). and adapalene 0.1% gel

Melasma area and 
severity index

Combined treatment with serial glycolic acid peels, azelaic acid cream 
and adapalene gel should be considered as an effective and safe therapy in 

recalcitrant melasma

12 Topical treatment including topical 

azelaic acid and adapalene

Kumari 

et al, 

201054

Comparative study 40 Indian 

Patients 

with 
Melasma

GA 20–35% vs 

Trichloroacetic acid (TCA 10–20%)

Melasma area and 

severity index

Objective response to treatment evaluated by reduction in MASI scoring 

after 12 weeks was by 79% reduction in GA group and by 73% reduction 

in TCA group but this difference was not significant. Subjective response, 
as graded by the patient, showed good or very good response in 75% in 

GA group and 65% in TCA group.

Ilknur et al, 

201055

Single-blind, 

randomized right- 
left comparison 

study

31 Melasma GA (from 20% to 70%) peels and 

amino fruit acid (AFA; 20% to 60%)

Modified Melasma 

Area and Severity 
Index

GA and AFA peels for melasma therapy were efficacious, but the AFA 

peel was found to be less irritating and was better tolerated.

Garg et al, 

200857

RCT 20 Melasma GA peels Modified Melasma 

Area and Severity 

Index

Results are better with hydroquinone as priming agent compared to 

tretinoin in enhancing the results with glycolic acid peels in melasma and 

in decreasing postpeel postinflammatory hyperpigmentation.
20 0.025% tretinoin

20 2% hydroquinone

Garg et al, 

201958

RCT 10 Facial 

melasma

35% GA full-face peel Melasma area and 

severity index and 

safety outcomes

Chemical peels with GA alone or in combination with TCA do result in 

a significant improvement in melasma, but the combination of the peels 

in the same sitting does not seem to have any additive or synergistic 
effect while they may increase the side effects.

10 35% GA full-face peel followed by a  
10%TCA spot peel

10 35% GA full-face peel followed by a  
20% TCA spot peel
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Table 3 (Continued). 

Study ID Design Sample 
size

Patients Interventions Main Outcome Findings

Sarkar et al, 

202256

Comparative study 20 Melasma in 

dark- 

skinned 
patients

GA peel combined with Kligman’s 

formula (hydroquinone 5%, tretinoin 

0.05%, hydrocortisone acetate  
1% in a cream base).

Melasma area and 

severity index

Serial GA peels provide an additional effect to a topical regimen which is 

a modification of the time-tested Kligman’s regimen for treating melasma 

in dark-complexioned individuals if used judiciously and under 
supervision. It demonstrates that superficial chemical peels are beneficial 

in the treatment of melasma.
20 Kligman’s formula

Chaudhary 

and Dayal 
201382

RCT 20 Melasma Topical regimen (2% hydroquinone,  

1% hydrocortisone and 0.05% 
tretinoin) with serial GA peeling

Melasma area and 

severity index

Topical regimen with serial GA peeling significantly enhances the 

therapeutic efficacy of GA peeling. The combination of GA peeling with 
the topical regimen is a highly effective, safe and promising therapeutic 

option in treatment of melasma.
20 Control group received topical 

regimen (2% hydroquinone, 1% 

hydrocortisone, 0.05% tretinoin).

Cotellessa 

et al, 

199959

Comparative study 20 Melasma 50% GA and 10% kojic acid Disease status Both peelings can be considered effective in the treatment of cutaneous 

hyperpigmentations.
20 15–25% TCA

Ejaz et al, 

200881

Double blind, 

randomized, 
interventional 

comparative study

30 Melasma Jessner’s solution Melasma area and 

severity index

Jessner’s solution and 30% salicylic acid are equally effective and safe 

peeling agents for use in epidermal melasma in Asian skin.
30 30% salicylic acid

Sharquie 

et al, 
200580

Clinical trial 20 Melasma Pure lactic acid, full strength  

(92%; pH 3.5)

Melasma area and 

severity index

Lactic acid was found to be a new effective and safe peeling agent in the 

treatment of melasma.

Dayal et al, 
201683

Comparative study 30 Periorbital 
melanosis

20% GA peel POM grading Glycolic peel was best among the three modalities, although it was 
associated with increased rate of side effects.

30 15% lactic peel

30 Topical 20% vitamin C

Abbreviations: RCT, Randomized Controlled Trial; GA, Glycolic Acid; TCA, Trichloroacetic Acid; MASI scoring, Melasma Area and Severity Index.
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Ellabban et al84 conducted an RCT to investigate the safety and efficacy of trichloroacetic acid and LA vs PRP 
injection in patients with periorbital hyperpigmentation. Chemical peels outperformed platelet-rich plasma by a wide 
margin. Comparatively, 47.6% of those in the LA group showed good improvement, whereas just 4.8% of those in the 
PRP group did (p<0.001). Regarding excellent improvement, it was achieved in 38% in the LA group vs 0% in the PRP 
group. In contrast to PRP, where 52.5% were just satisfied, the majority of LA patients reported being very pleased 
(47.6%). The rate of itching and redness was comparable in both groups (p= 0.07).84

Mandelic Acid
Mandelic acid’s efficacy as a chemical peel agent for treating various skin concerns is supported by numerous studies. 
Dayal et al compared 45% mandelic acid to 30% salicylic acid in individuals with mild to severe acne vulgaris. Mild to 
severe acne vulgaris symptoms were similarly alleviated by both treatments.72 Noninflammatory lesions responded better 
to salicylic acid, whereas inflammatory lesions responded better to MA. When comparing the two peels for their ability 
to improve MAS and reduce MAS by percentage, there was no discernible winner. In contrast, MA peels have 
fewer adverse effects.72 In a study conducted by Taylor (3), the use of mandelic acid peels was examined in the 
treatment of acne and post-inflammatory hyperpigmentation (PIH) in patients with darker skin tones. The results 
demonstrated significant improvement in the participants’ acne and PIH with minimal side effects, indicating that 
mandelic acid peels are both safe and effective for these populations.85 In addition to its effectiveness, mandelic acid 
is well-tolerated and associated with minimal side effects. This makes it an attractive option for a broad range of patients, 
including those with sensitive skin or darker skin tones who may be at higher risk for post-inflammatory 
hyperpigmentation.86 Overall, mandelic acid has demonstrated its potential as a safe and effective AHA for chemical 
peels, providing a valuable treatment option for individuals seeking to improve their skin’s appearance and health. While 
more research may further elucidate its full range of applications, current evidence supports mandelic acid’s use as 
a chemical peel agent for various skin concerns, from acne and hyperpigmentation to mild photoaging, as shown in 
Table 2.

Malic Acid
Malic Acid is commonly used in cosmetic formulations as a pH adjuster, while Sodium Malate functions as a skin 
conditioning agent and humectant. Past product formulation data from 1998 revealed that Malic Acid was present in 47 
cosmetic product formulations, while Sodium Malate was only present in one cosmetic formulation.87 However, the data 
regarding the current concentration of use are not available. A study conducted in 1996 showed that Malic Acid could 
increase cell renewal rates by 18%, 10%, and 5% at pH levels of 3, 5, and 7, respectively.88 Malic Acid has also been 
used in clinical settings to treat ichthyosiform dermatoses, providing significant improvement for patients except for one 
with epidermolytic hyperkeratosis.87 A test conducted in 1995 evaluated the efficacy and safety of a tablet containing 
200mg of Malic Acid and 50mg of magnesium on patients with primary fibromyalgia syndrome. The study showed some 
patients experienced mild side effects, such as diarrhea and nausea.89 In a study conducted in 1979, 34 patients with 
atopic dermatitis were tested for sensitivity to foods containing Malic and citric acid. Results revealed that immediate and 
delayed reactions occurred in 18 patients reacting to both Malic and citric acid and six patients reacting to only Malic 
Acid.89 The skin irritation potential of Malic Acid was evaluated by applying it to the nasal fold area of subjects, and 
results showed average irritation scores of 39.4, 37.1, and 23.1 for pH levels of 3, 5, and 7, respectively.88 The Expert 
Panel for Cosmetic Ingredient Safety reassessed the safety of Malic Acid and Sodium Malate in cosmetics. Malic Acid is 
used as a fragrance ingredient and pH adjuster, while Sodium Malate acts as a skin-conditioning agent and humectant. 
After reviewing available data, the Panel concluded that both Malic Acid and Sodium Malate are safe for use in 
cosmetics at the current practices and concentrations outlined in the safety assessment.90

Citric Acid
Citric acid has been shown to have various beneficial effects in treating skin diseases. Its effectiveness as an exfoliant and 
antioxidant has been investigated in a very limited number of studies. In a study conducted by Ditre et al,34 17 
participants with moderate to severe photoaged skin used a lotion containing 25% alpha hydroxy acid (AHA) on one 
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forearm and a placebo on the other. The AHAs included glycolic (5 patients), lactic (5 patients), and citric acids (7 
patients). The authors assessed skin conditions through clinical, histological, and ultrastructural methods. Results 
demonstrated a 25% increase in skin thickness after AHA treatment, with the epidermis and dermis being significantly 
thicker compared to the placebo side. Additionally, the treatment led to improvements in skin cell structure, a reduction 
in basal cell atypia, more even melanin distribution, and a return to normal skin patterns. However, the study did not 
differentiate between the specific effects of each AHA used.34 Citric acid has been shown to be useful in the treatment of 
acne and melasma.91,92 The CIR Expert Panel assessed the safety of citric acid, 12 inorganic citrate salts, and 20 alkyl 
citrate esters in cosmetics and concluded that they are safe for use at current concentrations and practices. Citric acid and 
some salts serve as pH adjusters, chelating agents, or fragrance ingredients, while several citrates function as skin- 
conditioning agents, among other uses.14 Although the Panel examined animal and clinical data, the focus was on dermal 
exposure for ingredients that are recognized as safe, direct food additives, such as citric acid and several citrate salts. 
They determined that citric acid, inorganic citrate salts, and alkyl citrate esters are safe in their current uses and 
concentrations in cosmetics,14 as shown in Table 4.

Tartaric Acid
Tartaric acid has been shown to have the potential as a chemical peel in skincare treatments. As an AHA, tartaric acid 
works by exfoliating the skin’s surface, stimulating cell renewal, and improving skin texture and tone.8 Though other 
AHAs like glycolic and lactic acids are more commonly used, tartaric acid has demonstrated the potential to provide 
similar benefits.34 A study conducted by Fiume et al94 has indicated the safety of tartaric acid when used in cosmetic 
formulations, making it a promising alternative to other chemical peels. The efficacy of tartaric acid as a chemical peel 
has been investigated in various studies, with promising results. A study by Kornhauser et al5 examined the use of tartaric 
acid in combination with other AHAs in a chemical peel and found that it effectively improved skin appearance by 
reducing fine lines, wrinkles, and hyperpigmentation. The authors also noted that tartaric acid could enhance the effects 
of other AHAs in the formulation, thus contributing to its overall effectiveness. However, it is essential to consider the 
safety of tartaric acid in chemical peels. Like other AHAs, tartaric acid can cause skin irritation and sensitivity, 
particularly when used at higher concentrations or when applied improperly.95 Therefore, it is crucial to follow the 
recommended usage guidelines and concentrations to minimize the risk of adverse effects. In conclusion, tartaric acid 
shows potential as a chemical peel agent, but further research is needed to establish its efficacy and safety profile more 
conclusively.

Formulation
The popularity of AHAs in cosmetic Formulations has grown significantly over the past 15 years. In the original 1998 
safety assessment, glycolic acid was reported to be included in 42 formulations, while lactic acid was used in 342 
formulations. As of 2013, according to the Voluntary Cosmetic Registration Program (VCRP) data, glycolic acid is now 
incorporated in 337 formulations and lactic acid in 1042 formulations. Myristyl lactate is reported to be used in 215 
formulations, with the highest maximum reported use concentration of 13.2% in lipsticks.96

When selecting an AHA for use in a formulation, several factors must be considered, including the size of the 
molecule and its solubility. One advantage of small molecule AHAs, such as glycolic and lactic acid, is their ability to 
penetrate the skin more deeply.95 This makes them more effective at treating fine lines, wrinkles, and acne. On the other 
hand, larger molecules like mandelic and tartaric acid are less likely to cause skin irritation or sensitivity, making them 
better suited for those with sensitive skin. In addition to molecule size, lipophilic (oil-soluble) AHAs, like mandelic acid, 
have been shown to penetrate the skin more easily than hydrophilic (water-soluble) AHAs, like lactic acid.72,85 This 
property makes them more effective at treating acne and hyperpigmentation. Another important factor to consider when 
formulating with AHAs is the chemical structure of the chosen AHA. Glycolic acid can be derived from both natural and 
synthetic sources and is available in several different salt forms, each with unique properties.97 For example, sodium 
glycolate is a water-soluble salt of glycolic acid and is often used in cleansers and toners, while glycolic acid polymers 
are larger molecules that are more suitable for use in leave-on products like creams and lotions. Finally, the chosen 
formulation type can also affect the efficacy of the chosen AHA. For example, solutions are typically more effective at 
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Table 4 Safety and Efficacy of AHAs in Patients with Other Dermatological Diseases

Study 
ID

Design Sample 
size

Patients Interventions Main Outcome Findings

Liu et al, 

202293

Randomized, 

split-face, 

evaluator- 
blinded trial

30 Disseminated facial 

verruca plana

35% GA The clearance rate Chemical peeling with 35% GA could be a safe and effective 

option for treating disseminated facial verruca plana, especially 

for those who desire skin improvement.
Adapalene gel

Oresajo 
et al, 

200847

Split-face 
study RCT

44 Mild to moderate 
facial 

hyperpigmentation 

and fine lines/ 
wrinkles

5–10% LHA Reduction of hyperpigmentation Five percent to 10% of LHA peel is generally safe and as 
effective as 20–50% GA peel in reducing facial 

hyperpigmentation and fine lines/wrinkles.
20–50% GA

Rouvrais 
et al, 

201871

RCT 30 Aging GA peels  
(20%, 50%, and 70%)

Reducing crow’s feet wrinkles depth and 
volume, crow’s feet and periorbital wrinkle 

length, and number of fine lines and wrinkles 

at end of treatment

A dermo-cosmetic cream containing 0.1% RAL, GGO 
(Relastide®) and Pre-tocopheryl® is as effective as 3 sequential 

GA peels, better tolerated, and is an alternative in the 

management of photoaged skin.
27 0.1% RAL associated 

with Glycylglycine 

Oleamide and Pre- 

tocopheryl®

Zaki 

et al, 
201870

Comparative 

split neck 
study

20 Pseudo-acanthosis 

nigricans

GA peel 70% Acanthosis Nigricans Area and Severity Index 

(ANASI)

Glycolic acid peel shows superior results to fractional CO2 

due to accelerated induced exfoliation, yet still fractional CO2 
results are promising due to a presumably long-term 

improvement of skin texture.

Fractional CO2

Ellabban 

et al, 

201984

RCT 21 Periorbital 

hyperpigmentation

TCA and lactic acid Patients’ satisfaction and objective response Both PRP and chemical peeling are effective for treatment of 

POH; however, chemical peeling is much more effective, 

tolerable, and satisfying procedure than PRP.
21 PRP injection

Zeeshan 

et al, 
202269

Retrospective 

pilot study

17 Acanthosis 

nigricans

Salicylic-mandelic 

acid

Objective response and safety profile Combination of keratolytic chemical peels and topical mild 

keratolytic application ensures better therapeutic outcome in 
patients of AN with long lasting effect.

Maintenance with 
a glycolic acid-urea 

combination cream
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exfoliating the skin than creams or lotions. Emulsions, on the other hand, can provide both exfoliation and moisturization 
and are often used in leave-on products like serums.34

The increased use of these AHAs can be attributed to their versatile applications in different cosmetic products. 
Glycolic and lactic acids are commonly found in formulations such as facial cleansers, exfoliants, moisturizers, and anti- 
aging products. Some AHAs are present in formulations that could potentially be inhaled. For instance, glycolic acid is 
reported to be used in aerosol and pump hair sprays at concentrations of 0.0005% and 0.05%, respectively, while lactic 
acid is found in aerosol propellant hair spray formulations at a concentration of 0.0002% and in tonic, dressing, and other 
hair grooming aids pump spray formulations at a concentration of 5.8%.98 In practice, 95% to 99% of the droplets or 
particles released from cosmetic sprays have equivalent aerodynamic diameters greater than 10 µm. Propellant sprays 
produce a higher fraction of droplets or particles smaller than 10 µm compared to pump sprays. As a result, most droplets 
or particles that are incidentally inhaled from cosmetic sprays would be deposited in the nasopharyngeal and thoracic 
regions of the respiratory tract and would not be respirable (ie, they would not enter the lungs) to any significant 
extent.99,100 These formulations of AHAs offer various benefits, including promoting skin cell turnover, improving skin 
texture and tone, reducing the appearance of fine lines and wrinkles, and helping to combat acne. As a result, the 
cosmetic industry continues to develop and introduce new formulations containing glycolic and lactic acids to meet the 
growing demand for effective skincare products.

Combination Therapy
GA peels have often been used in conjunction with other treatments to enhance results. In a study conducted by Sharad 
J. et al101 35% GA peel was combined with micro-needling to address acne scars in patients with skin types III–IV. 
Microneedling sessions took place every six weeks, and the GA peel was applied three weeks after each micro-needling 
session. This combination led to significant improvements in superficial and moderately deep atrophic box scars, rolling 
scars, skin texture, and post-acne pigmentation. In cases of post-inflammatory hyperpigmentation, post-acne pigmenta
tion, and melasma, GA and trichloroacetic acid (TCA) peels have been used together. This combination has been shown 
to produce a more profound and uniform peel than using TCA alone.102 Additionally, combining Jessner’s Solution with 
GA to treat photoaged skin, actinic keratoses, and wrinkles resulted in a uniform GA peel. However, there is an increased 
risk of over-peeling and scarring, particularly in individuals with darker skin.103–105 GA has also been combined with 
5-fluorouracil for treating actinic keratosis. Pre-treating the skin with 5% 5-fluorouracil enhances the effectiveness of the 
treatment and reduces the healing time.106 GA peeling has also been used in combination with microdermabrasion for the 
treatment of acne vulgaris and superficial acne scars in order to increase treatment efficacy and achieve treatment goals 
within a shorter time. Alpha-hydroxy acid peels decrease corneocyte cohesion, making the abrasion more efficient.107 

However, combining GA peels with microdermabrasion during the same session could lead to postinflammatory 
hyperpigmentation in skin types III–VI. Therefore, care should be taken with darker skin types.108 Briden et al109 

reported good patient satisfaction when using superficial GA peels with microdermabrasion for photoaging. A study 
investigating photodamaged skin utilized an intense light combining narrow-band blue light (405–420 nm, anti- 
inflammatory) and near-infrared (850–890 nm) emissions alongside glycolic peels and daily Vitamin C cream applica
tion. The results demonstrated significant improvements in pore size, wrinkles, and skin radiance.110 Glycolic acid 
peeling has also been combined with Vitamin C in cases of melasma and post-inflammatory hyperpigmentation. In 
a melasma patient, one side of the face received 70% GA peeling with iontophoresis and nanosome Vitamin C, while the 
other side underwent 70% GA peeling alone. Both sides improved, but the side treated with iontophoresis and nanosome 
Vitamin C showed better results.111 Superficial glycolic acid peels can be used in conjunction with botulinum toxin and 
dermal fillers to achieve overall enhancements in wrinkles, skin tone, texture, radiance, and clarity. In one study, the 
interval between peels and fillers was one week. The peel was administered after injecting botulinum toxin during the 
same visit, or the procedures were separated by one or more days to minimize potential side effects.112,113 Another study 
by Bs et al73 showed that combining salicylic acid with mandelic acid peel in patients with acne was associated with 
a significant improvement in the patient’s condition; however, this effect was comparable to the effect achieved by GA 
peels (20%, 50%, and 70%) and modified Jessner’s peel.
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Market Analysis
The top companies that manufacture AHA products are Tokyo Chemical Industry, H Plus Limited, Lotion Crafter, 
Sculptra Aesthetics, Chemours Company, Airedale Chemical Company Limited, Mehul Dye Chem Industries, Ava 
Chemicals, Crosschem, and Cargill. Regionally, Due to the region’s focus on skin health and the existence of significant 
manufacturers of personal care products, North America has the largest market for AHA products. Europe, the Asia- 
Pacific region, the Middle East and Africa, and Latin America are included after North America. The demand for alpha 
hydroxyl acid is increasing as a result of research on active ingredients in the European skincare market. During the 
projected period, it is expected that the market in Asia Pacific will grow at a rapid CAGR, driven by the increased 
attention being paid to skin care because of pollution, particularly in light of the smog case in China. Alpha hydroxyl 
acid, which helps to minimize wrinkles, is also in high demand in Japan due to the country’s aging population.

Customers’ rising expenditures on cosmetics and personal care items are among the factors driving global demand. 
Since the regulation varies among countries, someone can easily find glycolic with up to 70% to be delivered to his 
home. In Amazon, Noon, and eBay, for example, the price range for GA 30% and 50% is $19-22, and the rate of 
customers ranges between 4.5 and 5. It is available in several formulations, especially serums and solutions, especially 
higher concentrations of 30–70%. Some of which have no clear labels to advise for professional use only or salon 
products. Professional grade or dermatologist grade is used instead of professional use, which is not as per the regulation 
as it imposes a misleading statement. Many products contain no clear recommendations for UV protection or the SPF 
minimum requirements. For LA, it has the same price range with customer satisfaction between 4 and 4.5. In Amazon 
EU, the price range for GA 10%, 30%, and 50% is €12-30, and the rate of customers ranges between 4.5 and 5. For LA, 
it has the same price range with a customer satisfaction between 4 and 4.5. Besides Amazon and eBay, Hundreds or 
thousands of mini-e-shops or boutiques around the world are selling different brands by the same practices direct from 
their websites or factories to customers in any part of the world. This makes the practices very difficult to regulate or 
monitor.

The major concern is that these products might be used by non-professionals and are applied directly without either 
a pre-treatment step or even without adequate neutralization. Thus, some companies have started formulating a proper 
home kit to include all the required steps with all the professional details and are sold as an OTC medication. Another 
term coined recently by the market is professional home use, in which the kit is sold with all the required steps and 
details as a cosmetic product. This huge variability is perhaps caused by the ambiguity of the regulations in some 
countries.

Discussion
The synthesized data from various studies illustrate that AHAs, especially glycolic acid and lactic acid, effectively 
promote skin rejuvenation through mechanisms such as exfoliation, increased skin turnover, and the stimulation of 
collagen and elastin synthesis. These actions enhance skin texture and treat conditions like acne, hyperpigmentation, and 
photoaging, although the effectiveness of AHAs varies based on their type, concentration, and the individual’s skin type. 
Despite their prevalent use, the optimal concentrations for maximizing therapeutic benefits while minimizing side effects 
are not well-defined, highlighting the need for customized treatments to balance efficacy and skin sensitivity.

The importance of regulatory compliance is emphasized, with guidelines from bodies like the FDA and EMA critical 
in setting safe usage parameters for AHAs in cosmetics. Adhering to these guidelines ensures patient safety and enhances 
product credibility and marketability, though ongoing vigilance is necessary, especially when AHAs are used at higher 
concentrations or in combination with other treatments.

The increasing global demand for AHA-based products calls for continuous innovation in formulations, alongside 
efforts to ensure consumer safety, particularly in less regulated markets. There is a pressing need for further research to 
refine AHA formulations and treatment protocols, focusing on understanding their mechanistic actions and long-term 
safety to develop more targeted and effective treatments that minimize risks and optimize patient outcomes.

Several contemporary treatment approaches for skin anti-aging and rejuvenation effectively mitigate and reverse signs 
of aging, employing both invasive and non-invasive methods. Microdermabrasion physically exfoliates the skin to 
remove dead cells and stimulate collagen production, enhancing skin texture.114 Dermal fillers and Botox injections 
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restore volume and reduce wrinkles by filling in soft tissue or relaxing facial muscles.115 Laser skin resurfacing and 
Intense Pulsed Light (IPL) treatments target deeper layers, addressing wrinkles, pigmentation, and texture issues.116 

Mesotherapy injects mixtures of vitamins and enzymes directly into the skin, providing nourishment and promoting 
collagen and elastin production.117 These modalities offer various degrees of invasiveness from non-invasive laser 
treatments to surgical options, each catering to specific aging signs and skin types.

AHAs, including glycolic and lactic acids, are widely used in skin rejuvenation treatments due to their exfoliating 
properties that promote cell turnover and reveal newer, healthier skin layers. This process not only improves skin texture 
and reduces fine lines but also enhances overall brightness and increases collagen production, thereby aiding in hydration 
and reducing hyperpigmentation.6 However, the use of AHAs is not without disadvantages; they can increase skin’s 
sensitivity to sunlight, necessitating the consistent application of sunscreen, and can cause side effects like swelling, 
burning, and itching when used in higher concentrations for professional peels.9

In comparison, other skin rejuvenation treatments like laser therapy and IPL provide deeper skin rejuvenation and 
address more significant issues such as deep wrinkles and texture concerns with longer-lasting results, albeit with 
potentially more downtime and a higher risk of side effects. Treatments like microneedling and dermal fillers offer 
benefits beyond the reach of AHAs by adding substantial volume and reducing deep wrinkles,118,119 while Botox and 
other neurotoxins target muscle contractions to smooth out wrinkles,120 particularly in the upper face. Thus, while AHAs 
offer excellent superficial rejuvenation suitable for a broad range of skin types, more invasive treatments may be 
necessary for more pronounced signs of aging or specific skin conditions. Each treatment option should be selected 
based on individual skin concerns, desired outcomes, and tolerance for potential side effects.

Generally, it is advised to use a broad-spectrum sunscreen that provides both UVA and UVB protection following 
chemical peeling.121 Given the heightened sensitivity of the skin after such treatments, physical sunscreens containing 
mineral-based ingredients such as titanium dioxide or zinc oxide are often recommended due to their lower potential for 
irritation. These physical blockers provide a barrier that reflects and scatters ultraviolet radiation, offering immediate 
protection upon application, which is particularly beneficial for post-procedure skin.122 Nonetheless, for comprehensive 
coverage, formulations that combine physical blockers with chemical filters can also be considered, provided they are 
well-tolerated by the individual’s skin. It would be prudent to select sunscreens that are also fragrance-free and non- 
comedogenic to minimize any potential irritation and avoid clogging pores.

In a comparative analysis of AHAs based on effectiveness and suitability, each AHA exhibits distinct characteristics. 
Glycolic acid, with its small molecular size, penetrates deeply into the skin, making it highly effective for enhancing 
collagen production, improving texture, and reducing wrinkles. It is best suited for normal to oily skin types, although its 
deep penetration might cause irritation in sensitive skin.123 Lactic acid, with a larger molecular size, penetrates less 
deeply, which reduces the risk of irritation, making it ideal for dry to sensitive skin types. It effectively stimulates 
collagen renewal and increases skin hydration.124 Mandelic acid’s larger molecular structure results in slower skin 
absorption, making it less irritating and particularly effective for sensitive skin, including those prone to hyperpigmenta
tion and redness. It is renowned for its antibacterial properties, which are beneficial for acne-prone skin.125 Malic acid, 
typically used in combination with other AHAs, is known for improving skin smoothness and tone, and is suitable for all 
skin types as part of a combined AHA formulation. Tartaric acid, often used to stabilize pH levels in skincare products, 
acts as an antioxidant and is suitable for most skin types when used in conjunction with other AHAs.126

Study Limitations
In the domain of dermatological research, this review presents several notable limitations that compromise the breadth 
and depth of current scientific findings. To enhance the reliability and applicability of results, we indicate those 
limitations. Broadening the scope of study designs beyond randomized controlled trials, cohort studies, and case reports 
is essential. Incorporating systematic reviews and meta-analyses would elevate the level of evidence and offer broader 
insights into the effects of AHAs, thereby enriching the research landscape. There is a critical need to standardize AHA 
treatment protocols across studies. This includes precise definitions of AHA concentrations, application methods, 
treatment durations, and follow-up periods to ensure consistency and reproducibility of outcomes, reducing variability 
and enhancing the quality of evidence. Long-term follow-up studies are crucial for assessing the sustainability of AHA 
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treatment effects and monitoring potential long-term adverse effects. Such studies will help delineate the long-term safety 
and efficacy profiles of AHAs, providing deeper insights into their prolonged use.

Detailed documentation of regulatory compliance, including adherence to international guidelines from bodies like 
the FDA and EMA, is paramount. Comparative analyses of AHA regulations across different countries could highlight 
best practices and identify areas for regulatory harmonization. Ensuring diverse demographic representation in study 
populations—including variations in age, skin type, ethnicity, and underlying skin conditions, is vital for generalizing 
findings to a broader population and understanding the differential effects of AHAs across diverse groups.

Enhancing the monitoring of adverse effects in clinical trials is necessary. This involves detailed recording and 
analysis of side effects, their severity, and the circumstances under which they arise, alongside establishing standardized 
approaches for managing these effects. Research should also focus on the interactions between AHAs and other 
dermatological treatments. Understanding these interactions can inform integrated treatment approaches and prevent 
potential negative interactions, optimizing therapeutic outcomes.

Conclusion
This comprehensive review investigates about the multifaceted role of AHAs within dermatological practices, particu
larly emphasizing their application in cosmetic formulations like chemical peels. AHAs, including glycolic and lactic 
acids, have demonstrated significant efficacy in skin rejuvenation, harnessing their ability to induce apoptosis in skin 
cells and foster the synthesis of collagen and elastin. These mechanisms contribute markedly to improving skin texture 
and mitigating signs of aging and photodamage.

Despite the broad utility and acceptance of AHAs in cosmetic dermatology, challenges persist, particularly regarding 
the optimization of concentration levels to balance efficacy with minimal adverse effects. The nuances of AHA 
formulations are critical, highlighting the need for tailored treatments according to individual skin types and conditions. 
Furthermore, the regulatory landscape presents an ongoing challenge, necessitating strict compliance with international 
guidelines to ensure the safe use of AHAs. These regulations dictate permissible concentrations and pH levels to 
minimize potential skin irritation.

The global market outlook for AHAs remains robust, with projections indicating significant growth driven by an 
increasing demand for effective anti-aging and skin rejuvenation solutions. This growth underscores the importance of 
continued research and innovation in the development of AHA-based treatments, ensuring they meet safety standards 
while fulfilling consumer expectations for efficacy and minimal side effects.

Future research directions should focus on defining the optimal formulations and treatment protocols for AHAs, 
enhancing our understanding of their mechanistic pathways in skin rejuvenation, and further evaluating their long-term 
safety profiles. Such efforts will be essential for advancing the use of AHAs in clinical dermatology, ensuring they 
remain a cornerstone of non-invasive cosmetic treatments.
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