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Abstract: The utilization of topical formulations containing alpha hydroxy acids (AHAs) has garnered
considerable attention. This review summarizes the effectiveness of the most common topical AHA
formulations, including mechanisms of action and future research directions. AHAs have a dramatic
impact on diverse skin conditions, enhancing texture and stimulating collagen synthesis. Uncertain-
ties persist regarding optimal concentration, pH, and vehicle for maximum efficacy. Advancements in
formulation technologies offer opportunities for AHA penetration and stability. Understanding mech-
anisms is vital for skincare optimization. The review covers AHAs, their concentrations, formulation
considerations, safety measures, and future directions.
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1. Introduction

Topical formulations containing alpha hydroxy acids (AHAs) have garnered significant
interest in the field of skincare owing to their exfoliative and rejuvenating properties [1].
This comprehensive review aims to assess the efficacy of AHA formulations, explicate their
underlying mechanisms of action, and delineate prospective avenues for further research
and clinical applications.

AHAs have been subjected to extensive investigation regarding their potential to
ameliorate various skin conditions such as photoaging, hyperpigmentation, and acne [2].
Accordingly, within the cosmeceutical industry, these benefits have led to a proliferation
of AHA-containing anti-aging products [2]. Numerous clinical studies have substantiated
their effectiveness in improving skin texture, diminishing fine lines and wrinkles, and
enhancing overall skin tone [2,3]. By stimulating collagen synthesis and facilitating skin
cell turnover, AHAs engender a more refined and youthful appearance [1]. Clinically,
this phenomenon has precipitated a notable surge in procedural interventions conducted
by dermatologists and skincare professionals. These interventions are meticulously de-
signed to address a wide spectrum of dermatological afflictions and aesthetic concerns,
encompassing but not limited to the following: chemical peels, acne management, amelio-
ration of hyperpigmentation, therapeutic intervention for actinic keratosis, intricate skin
rejuvenation procedures, attenuation of fine lines and wrinkles, targeted mitigation of
dry skin conditions, and the adept management of cutaneous manifestations stemming
from solar-induced damage [4]. Therefore, gaining a comprehensive understanding of the
mechanisms underlying the action of AHAs assumes paramount importance in order to
optimize their application in the realm of skincare within the cosmeceutical industry.

AHAs, including glycolic acid, lactic acid, and citric acid, function by penetrating the
stratum corneum, the outermost layer of the epidermis, and interacting with desmosomes,
thus promoting desquamation [1]. This exfoliative action facilitates the removal of dead
skin cells, resulting in a smoother complexion and an improvement in skin texture [1].
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Furthermore, AHAs stimulate collagen synthesis in the dermis, the deeper layer of the skin,
by activating fibroblasts and upregulating the production of collagen and other extracellular
matrix proteins [1]. Enhanced collagen deposition contributes to improved skin elasticity,
firmness, and the attenuation of fine lines and wrinkles [1].

To optimize the utilization of AHAs in skincare, further research is warranted in several
areas. Firstly, investigations into the optimal concentration of AHAs in formulations are
necessary to strike a balance between efficacy and potential side effects, such as irritation
and sensitivity [3]. Additionally, exploring the compatibility of AHAs with other skincare
ingredients and evaluating their potential synergistic effects could enhance their therapeutic
efficacy [3]. Furthermore, investigating the impact of different formulation vehicles on
the stability and delivery of AHAs could contribute to their enhanced bioavailability and
efficacy [3].

Notwithstanding the extensive research conducted on AHAs, queries persist regarding
their optimal formulation characteristics remain. One such question pertains to the appro-
priate concentration of AHAs to achieve the desired therapeutic effects while minimizing
the risk of adverse reactions, such as skin irritation and sensitivity [3]. Additionally, the
pH of AHA formulations has been a subject of inquiry, as it can influence the stability
and efficacy of these compounds [5]. Achieving the ideal balance between efficacy and
tolerability requires a meticulous understanding of these factors.

Moreover, the choice of vehicle plays a pivotal role in the delivery and efficacy of AHA
formulations. Advancements in formulation technologies offer opportunities to optimize
the penetration and stability of AHAs. These advancements include novel delivery systems
that can enhance the bioavailability and skin permeation of AHAs, thereby improving
their therapeutic outcomes [5]. Exploring and harnessing these advancements may lead to
significant improvements in the formulation of AHAs for enhanced efficacy and tolerability.

The present review aims to address these outstanding queries and shed light on the
optimal use of AHA formulations in skincare. By critically evaluating the effectiveness
of AHA formulations and providing insights into their mechanisms of action, this review
seeks to contribute to the existing body of knowledge and guide future research endeavors.
Moreover, by outlining potential research directions and clinical applications, it aims to
pave the way for further advancements in this field.

2. Types of AHAs

The exfoliative and rejuvenating properties of alpha hydroxy acids (AHAs) have
propelled their widespread utilization in the field of skincare. Among the various types of
AHAs, glycolic acid, lactic acid, and citric acid have emerged as salient contenders (Table 1).
Glycolic acid, derived from sugarcane, stands out due to its small molecular size, which
enables effective skin penetration, promotion of cell turnover, and enhancement of skin
texture [6]. Lactic acid, sourced from milk or fermented plant derivatives, is another sought-
after AHA known for its gentle exfoliative properties and compatibility with sensitive skin
types [4]. Its mechanism of action involves breaking down intercellular bonds, resulting
in smoother and more radiant skin [7]. Citric acid, derived from citrus fruits, possesses
antioxidant attributes and contributes to improved skin brightness and texture [8].

The concentration of AHAs in topical formulations varies depending on the desired
effect and individual skin tolerance. Lower concentrations, typically ranging from 5-10%,
are commonly found in daily skincare products, facilitating mild exfoliation and the main-
tenance of skin health [9]. These lower concentrations are generally well-tolerated by the
majority of individuals and contribute to the enhancement of skin tone and texture [9]. In
contrast, higher concentrations, such as 20-30%, are often utilized in professional chemical
peels performed by dermatologists or skincare specialists to achieve more significant skin
resurfacing and rejuvenation [6]. It is important to note that determining the optimal
concentration of AHAs requires consideration of individual skin types and the specific
condition being treated.
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Recent advancements in skincare have brought forth the emergence of novel AHAs.
Mandelic acid, sourced from bitter almonds, has garnered attention due to its exfoliative
and antibacterial properties, making it beneficial in the treatment of acne-prone skin [10].
Another nascent AHA is malic acid, which is abundantly found in fruits such as apples and
pears. Malic acid imparts hydrating and exfoliative effects, making it particularly suitable
for individuals with dry or mature skin [11].

In summary, AHAs have gained prominence in the field of skincare due to their exfo-
liative and rejuvenating properties. Glycolic acid, lactic acid, and citric acid are prominent
examples, each with unique characteristics and mechanisms of action. The concentration of
AHAs in topical formulations can vary to achieve the desired effect, with lower concen-
trations commonly used for daily skincare products and higher concentrations employed
in professional settings. Furthermore, novel AHAs, such as mandelic acid and malic acid,
have emerged, offering additional benefits for specific skin conditions and types. These
advancements in AHAs contribute to the expanding repertoire of skincare interventions
and provide further opportunities for customization and tailored treatments.

3. Efficacy of Topical AHA Formulations

Clinical studies have provided compelling evidence supporting the efficacy of topical
alpha hydroxy acid formulations in improving a diverse range of skin conditions. One
prominent area of focus for AHA research has been photoaging, which is characterized
by fine lines, wrinkles, and uneven skin texture. Noteworthy studies have demonstrated
the effectiveness of AHAs in addressing these concerns. In a randomized clinical trial
conducted by Prestes et al. [12], the application of 70% glycolic acid and 85% lactic acid
in monthly peels exhibited notable efficacy in diminishing fine wrinkles. Moreover, a
recent clinical trial by Narda et al. [13] revealed a significant increase in total collagen
levels following the administration of glycolic acid, providing compelling evidence for its
beneficial effects in skin rejuvenation and establishing its potential as a valuable therapeutic
agent in dermatology. Similarly, Kornhauser et al. [14] reported that a lactic acid-containing
formulation improved skin roughness and stimulated collagen synthesis in photoaged skin.

In addition to addressing photoaging, AHAs have demonstrated remarkable effi-
cacy in treating hyperpigmentation concerns. Ravikumar et al. [15] emphasized the posi-
tive outcomes of AHA treatments for hyperpigmentation, citing the notable reduction in
pigmentation intensity and overall improvement in skin tone observed in patients with
melasma treated with topical glycolic acid formulations, as reported by Conforti et al. [16]
Furthermore, Campos et al. [17] highlighted the effectiveness of citric acid formulations in
lightening post-inflammatory hyperpigmentation, further establishing the role of AHAs in
promoting a more even skin complexion.

Beyond their effectiveness in photoaging and hyperpigmentation, AHAs have also
shown efficacy in managing acne. Glycolic acid formulations, in particular, aid in reducing
acne lesions, improving skin texture, and preventing comedone formation [18]. The exfoli-
ating properties of AHAs contribute to unclogging pores and reducing the appearance of
acne scars, as supported by Sarkar and colleagues’ findings [18]. Moreover, a more recent
study by Arif [19] demonstrated a significant reduction in inflammatory acne lesions and
an overall improvement in acne severity with a combination of glycolic acid and salicylic
acid, a beta hydroxy acid.

The exploration of novel AHAs has further expanded the range of treatment options
for various skin conditions. Mandelic acid, a naturally derived AHA, has been used in
the treatment of hyperpigmentation and melasma due to its anti-inflammatory properties,
which make it less irritating than other peels and thus safer for sensitive skin [20]. These
findings underscore the potential of novel AHAs in dermatology.

Opverall, the existing body of clinical evidence strongly supports the efficacy of topical
AHA formulations in improving various skin conditions, including photoaging, hyper-
pigmentation, and acne management. These formulations consistently demonstrate their
ability to enhance skin texture, reduce fine lines and wrinkles, lighten hyperpigmentation,
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and address acne concerns. However, further studies investigating optimal concentration,
frequency of use, and formulation characteristics are necessary to refine the therapeutic
potential of AHAs in dermatology. By continuing to investigate and optimize the use of
AHAs, dermatologists can offer patients effective treatment options for a wide range of
skin conditions.

4. Mechanisms of Action

Elucidating the underlying mechanisms through which AHAs exert their effects on
the skin is essential for comprehending their therapeutic potential. AHAs primarily act by
virtue of their exfoliating properties, which involve the disruption of intercellular adhe-
sions between corneocytes, the outermost layer of skin cells, leading to the elimination of
dead skin cells and the facilitation of cell turnover [21]. Notably, glycolic acid, extensively
investigated among AHAs, has been found to augment desquamation by stimulating the
activity of enzymes implicated in the degradation of corneodesmosomes, the structures
responsible for maintaining the integrity of the stratum corneum [22]. This process engen-
ders the removal of superficial damaged layers, unveiling a smoother and more vibrant
skin texture [22].

Beyond their exfoliative role, AHAs also play a pivotal role in stimulating collagen
synthesis, a crucial determinant of skin elasticity and firmness. Research studies have
established that AHAs, such as glycolic acid and lactic acid, can induce upregulation of
collagen production in the dermis, the deeper layer of the skin [1]. This stimulation tran-
spires through diverse mechanisms, encompassing the activation of fibroblasts, heightened
expression of collagen-related genes, and modulation of signaling pathways implicated
in collagen synthesis [23]. Consequently, the employment of AHAs can contribute to the
amelioration of fine lines, wrinkles, and overall skin texture [1].

AHAs have also been shown to enhance the skin’s barrier function and hydration.
AHAs promote the synthesis of epidermal lipids, such as ceramides and cholesterol, which
assume a vital role in upholding a healthy skin barrier, acting as a protective shield against
external aggressors and maintaining moisture balance [14]. By fortifying the barrier func-
tion, AHAs assist in averting transepidermal water loss and maintaining optimal hydration
levels in the skin. This attribute holds particular significance for individuals with dry or
dehydrated skin, as AHAs can aid in the restoration and retention of moisture, thereby
yielding a smoother and well-hydrated complexion [14].

The combination of AHAs and beta-hydroxy acids (BHAs) represents a compelling
synergy in skincare formulations, exhibiting remarkable potential for enhancing overall
skin health and addressing various dermatological concerns. AHAs, such as glycolic acid
and lactic acid, work predominantly on the skin’s surface by exfoliating dead skin cells
and promoting cellular turnover, while BHAs, notably salicylic acid, penetrate deeper
into the pores, aiding in the treatment of acne [4]. The complementary actions of AHAs
and BHAs offer a multifaceted approach to skincare, yielding synergistic effects that
can result in improved skin texture, tone, and clarity [4]. Recent research endeavors
have delved into the mechanisms of action of AHAs. Lupu et al. [24] investigated a
topical formulation containing both AHAs and BHAs, along with anti-inflammatory and
antibacterial molecules. Following a 28-day regimen, a substantial decrease in the number
of dilated infundibula, infundibula filled with keratotic material, and infundibula with
thickened bright borders were observed. These findings offer promising prospects for
ameliorating various inflammatory skin conditions, such as rosacea [25].

AHAs have also been shown to modulate the expression of genes implicated in skin
pigmentation, leading to an overall reduction in melanin synthesis and an improvement
in hyperpigmentation [26]. In a systematic review investigating treatments for lentigines,
a common form of hyperpigmentation, 58% of individuals experienced a complete or
partial response following chemical peels with AHA /BHAs [27]. These findings further
underscore the multifaceted mechanisms by which AHAs exert their beneficial effects on
the skin.
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Overall, the mechanisms of action of AHAs on the skin encompass exfoliation, stim-
ulation of collagen synthesis, enhancement of the skin’s barrier function and hydration,
as well as anti-inflammatory and depigmenting effects. By employing these mechanisms,
dermatologists can harness the therapeutic potential of AHAs for a broad spectrum of
dermatological conditions, including textural skin changes and photoaging, hyperpigmen-
tation, and inflammatory skin disorders.

5. Formulation Considerations

Formulating topical products containing AHAs requires meticulous attention to vari-
ous key factors that significantly impact their effectiveness and tolerability. Among these
factors, the pH of the formulation plays a critical role. While an exact pH value has not
been universally established, it is widely acknowledged that AHAs exhibit optimal efficacy
within a lower pH range, typically ranging from 3 to 5 [28]. This acidic environment
plays a crucial role in amplifying the exfoliative attributes of AHAs and facilitating their
penetration into the cutaneous layers of the skin.

Maintaining the optimal pH range is essential to ensure the desired therapeutic effects
of AHAs while minimizing potential skin irritation. The acidic pH of AHA formulations
acts as a catalyst in enhancing their exfoliative properties. It creates an environment that
promotes the breakdown of intercellular adhesions between corneocytes, the outermost
layer of skin cells [28]. This process, known as desquamation, facilitates the effective
removal of dead skin cells, unveiling a smoother and more rejuvenated skin texture [28].
Furthermore, the acidic environment created by AHAs aids in enhancing their penetra-
tion into the deeper layers of the skin, known as the cutaneous layers. This penetration
allows AHAs to exert their beneficial effects, such as stimulating collagen synthesis and
promoting cell turnover, resulting in improved skin texture and the reduction of various
skin concerns [28].

Concentration represents another pivotal factor to consider in formulating topical AHA
products. Higher concentrations of AHAs generally yield more profound skin exfoliation
and therapeutic benefits; however, they may also heighten the risk of skin irritation [29].
Extensive research indicates that concentrations ranging from 5% to 10% are commonly
employed in clinical practice, with higher concentrations typically reserved for in-office
or professional treatments [29,30]. Determining the appropriate concentration necessitates
considering specific factors such as the skin condition being treated, individual tolerance,
and desired treatment outcomes.

Choosing the optimal concentration of AHAs is a delicate balance. Higher concen-
trations can deliver more robust exfoliation and therapeutic effects, particularly for more
severe skin conditions. However, they also pose an increased risk of skin irritation, making
them more suitable for professional use under the supervision of dermatologists or skincare
specialists. Lower concentrations, on the other hand, are commonly found in over-the-
counter skincare products and are typically well-tolerated by the majority of individuals.
These concentrations provide milder exfoliation and therapeutic benefits, contributing to
the enhancement of skin tone and texture [30].

In addition to pH and concentration, the selection of an appropriate vehicle plays a
pivotal role in the formulation of topical products containing AHAs. The ideal vehicle
should optimize the stability and penetration of AHAs while providing a pleasing sensory
experience for the patient. Various vehicles, such as gels, creams, lotions, and serums, have
been employed to deliver AHAs [30]. Each vehicle type possesses its own advantages and
limitations in terms of AHA stability, skin penetration, and cosmetic elegance.

Gel formulations are often favored due to their lightweight texture and rapid absorp-
tion, making them suitable for oily or acne-prone skin types [9]. Gels typically have a
high-water content and a low lipid content, allowing for quick drying and a non-greasy
finish. This formulation type is well-suited for individuals who prefer lightweight and
non-comedogenic products. Moreover, gels provide a cooling effect upon application,
offering a refreshing sensory experience [9].
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On the other hand, creams or lotions may be preferred for their moisturizing proper-
ties, making them suitable for individuals with dry or sensitive skin (Leyden et al., 2009).
Creams have a higher lipid content and provide a more emollient texture, offering en-
hanced moisturization and barrier protection [30]. This formulation type is beneficial for
individuals with dry or dehydrated skin, as it helps replenish moisture and restore the
skin’s natural lipid barrier. Lotions, which have a lighter consistency than creams, offer a
balance between hydration and lightness, making them suitable for individuals who desire
a more fluid texture [31].

The selection of the appropriate vehicle for AHA formulations depends on the specific
needs of the patient and the characteristics of their skin. The vehicle should not only
enhance the stability and penetration of AHAs but also align with the patient’s preferences
and skin type. By considering factors such as the desired texture, level of moisturization,
and compatibility with different skin types, dermatologists can customize the formulation
to address specific skin conditions and individual patient needs.

Optimizing the formulation of topical AHA products is critical in achieving the desired
therapeutic effects while mitigating potential adverse reactions. By meticulously considering
factors such as pH, concentration, and vehicle selection, dermatologists can tailor the formula-
tion to the unique requirements of each patient. This ensures optimal stability, penetration,
and overall treatment outcomes. The selection of the appropriate vehicle, alongside pH and
concentration considerations, further enhances the efficacy and tolerability of AHA products,
contributing to improved patient satisfaction and treatment results.

6. Safety and Side Effects

The comprehension of the safety profile associated with topical formulations con-
taining alpha hydroxy acids AHAs holds paramount significance in ensuring not only
their effectiveness but also their well-tolerated application within the field of dermatol-
ogy. AHAs, although generally acknowledged as safe, possess exfoliating properties that
may give rise to specific side effects. Notably, commonly reported adverse reactions en-
compass mild skin irritation, redness, as well as stinging or burning sensations upon
application [32,33]. These side effects, however, are typically transient in nature and tend
to subside with continued usage of AHAs or through the adjustment of their concentration
or frequency of application [32].

It is important to understand the underlying mechanisms behind the reported side
effects of AHAs. AHAs, such as glycolic acid, lactic acid, and citric acid, possess the ability
to induce controlled exfoliation of the outermost layer of the skin, the stratum corneum.
This exfoliation process promotes the removal of dead skin cells, resulting in a smoother and
more even skin texture [33]. However, this exfoliation can also lead to mild skin irritation,
manifesting as redness, and the sensation of stinging or burning upon application. These
reactions are thought to arise from the disruption of the skin barrier function, causing
increased transepidermal water loss and heightened sensitivity [32]. Nevertheless, these
effects are generally well-tolerated and subside as the skin adjusts to the treatment or when
the concentration or frequency of AHA application is modified.

In addition to the potential for skin irritation, AHAs have been shown to increase
the skin’s sensitivity to ultraviolet (UV) radiation, thereby increasing the risk of sunburn
and UV-induced damage. This is primarily due to their exfoliating properties, which thin
the stratum corneum, reducing its ability to provide a natural barrier against UV rays.
Consequently, the skin becomes more susceptible to sunburn and UV-induced damage,
including premature aging and an increased risk of skin cancer [14]. It is, therefore,
crucial for healthcare providers to educate patients undergoing AHA treatment about the
importance of sun protection. This involves advising the regular use of broad-spectrum
sunscreens with high sun protection factors, the adoption of protective clothing, and the
avoidance of prolonged sun exposure, especially during peak hours [14].

In order to optimize tolerability and mitigate the occurrence of side effects, several
strategies can be implemented. A gradual initiation approach involving lower concen-
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trations of AHASs is particularly beneficial for individuals with sensitive or reactive skin.
This method allows the skin to acclimate gradually, reducing the likelihood of adverse
reactions [32]. Additionally, formulating AHA products at a lower pH level has the poten-
tial to enhance their efficacy while minimizing skin irritation [30]. By adjusting the pH,
the exfoliating properties of AHAs can be maintained while minimizing their potential to
disrupt the skin barrier and cause irritation.

The incorporation of soothing and hydrating ingredients alongside AHAs can further
improve the tolerability of topical formulations and reinforce the skin barrier function.
Ingredients such as ceramides or hyaluronic acid possess hydrating and moisturizing
properties that can counteract the potential drying effects of AHAs and enhance the overall
tolerability of the treatment [34]. By combining these ingredients with AHAs, the formula-
tion can provide dual benefits of exfoliation and hydration, resulting in a more comfortable
and well-tolerated experience for patients.

Regular monitoring and close follow-up of patients using topical AHA formulations
are of utmost importance to promptly identify any signs of intolerance or adverse reactions.
This allows healthcare professionals to intervene and adjust the treatment as needed,
ensuring patient safety and satisfaction. Additionally, providing appropriate skincare
recommendations to patients undergoing AHA treatment plays a crucial role in overall
tolerability. Recommending the use of gentle cleansers that do not strip the skin of its
natural oils and moisturizers that help restore hydration and maintain the skin’s moisture
barrier can contribute to a more comfortable experience for patients [4,32]. By implementing
these strategies, dermatologists and skincare professionals can optimize the safety and
tolerability of topical AHA formulations. These measures not only minimize the risk of
side effects but also ensure effective treatment outcomes. Moreover, they contribute to the
overall satisfaction and well-being of patients undergoing AHA therapy.

The utilization of AHAs in skincare has sparked considerable interest, leading to the
development of distinct approaches for in-office or home chemical peels compared to daily
active or maintenance treatments using creams or serums. In professional settings, chemical
peels incorporating AHAs provide a controlled and intensive exfoliation process. These
peels facilitate the removal of dead skin cells, stimulate collagen production, and promote
cellular turnover [35]. By utilizing higher concentrations and customized formulations,
these peels enable deeper penetration and deliver more significant results, making them
particularly suitable for addressing specific concerns such as hyperpigmentation, fine lines,
and uneven texture [35].

Conversely, daily active or maintenance treatments involving AHAs typically involve
creams or serums with lower concentrations. The objective of this approach is to ensure
gradual and consistent exfoliation while preserving the skin’s barrier [26]. By formulating
AHAs into creams or serums with lower concentrations, the aim is to enhance skin radiance,
promote a smoother complexion, and minimize the risk of adverse reactions associated with
stronger peels [26]. This approach offers individuals the opportunity to incorporate AHAs
into their daily skincare routine without the need for intensive exfoliation or prolonged
recovery periods.

The tailored use of AHAs in both in-office or home chemical peels and daily ac-
tive/maintenance treatments through cream or serum formulations provides practitioners
and individuals with flexible options to address specific skincare needs. The availability
of higher concentrations in chemical peels allows for a more targeted and intensive ap-
proach, providing noticeable results for specific skin concerns. On the other hand, the use
of lower concentrations in daily treatments emphasizes a gentle and gradual exfoliation
process, prioritizing the long-term health of the skin and minimizing the risk of adverse
reactions. By considering factors such as treatment intensity, convenience, and long-term
skin health, individuals can select the most suitable AHA regimen to achieve their desired
skincare outcomes.
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7. Future Directions

Topical formulations containing AHAs have shown remarkable efficacy in improving
various skin conditions. To further advance the field of AHAs in skincare, ongoing research
should focus on the development of innovative delivery systems, such as liposomes or
nanoparticles, to enhance the penetration and stability of these compounds [30,32]. En-
capsulating AHAs within liposomes or nanoparticles offers several advantages that can
optimize their therapeutic potential. Firstly, these delivery systems enable controlled re-
lease, allowing for a gradual and sustained delivery of AHAs to the skin compounds [30,32].
This controlled release mechanism ensures a prolonged activity of AHAs, enhancing their
effectiveness in addressing specific skin concerns. Moreover, by utilizing liposomes or
nanoparticles as carriers, the stability of AHAs can be improved, preventing their degrada-
tion and enhancing their shelf life compounds [30,32]. The encapsulation of AHAs within
these nanocarriers provides a protective environment, shielding the active ingredients from
external factors that may compromise their stability, such as light and air exposure [32].
This results in more reliable and consistent delivery of AHAs, ensuring their optimal
functionality and therapeutic efficacy.

In addition to enhancing the delivery and stability of AHAs, further exploration of
their synergistic effects with other active ingredients holds great promise for skincare
advancements. Combining AHAs with complementary agents, such as retinoids, has
shown significant potential in addressing a range of skin concerns, including photoaging
and acne [36]. By targeting multiple pathways involved in skin aging, these combination
therapies can yield enhanced and comprehensive results, surpassing the benefits of individ-
ual treatments alone. Furthermore, investigating the integration of AHAs with emerging
technologies like micro-needling or laser therapy represents another fruitful avenue for
future research [30,37]. Such combination approaches have the potential to create syner-
gistic effects by promoting deeper penetration of AHAs into the skin and facilitating their
interaction with targeted tissues. This may lead to the development of novel treatment
modalities that offer improved efficacy and safety profiles, opening up new possibilities for
addressing various skin conditions.

Further investigation is imperative to gain a comprehensive understanding of the
role of AHAs in addressing specific skin concerns, such as melasma or post-inflammatory
hyperpigmentation [38]. To develop more effective treatment strategies, there is a need
to optimize AHA formulations and explore their combination with other depigment-
ing agents [39]. By combining AHAs with complementary compounds, it is possible
to target multiple pathways involved in pigmentation regulation, leading to enhanced
treatment outcomes.

Furthermore, personalized approaches that consider individual variations in skin
type and genetic factors have emerged as an area of interest. Understanding the genetic
factors influencing individual responses to AHA treatment can enable the development of
personalized skincare regimens [4,30]. By tailoring AHA formulations based on individual
characteristics, healthcare professionals can optimize treatment outcomes and minimize
adverse reactions, leading to higher patient satisfaction.

The future of topical AHA formulation lies in continuous research efforts in under-
standing the role of AHAs in: specific skin concerns, optimizing formulations, exploring
combination therapies, and implementing personalized approaches that will shape the fu-
ture of topical AHA treatments. Advancements in delivery systems, combination therapies,
and personalized approaches will contribute to improving the efficacy, tolerability, and
individualization of AHA treatments, benefiting individuals seeking to enhance their skin
health and appearance.

8. Conclusions

Topical formulations containing AHAs have demonstrated their effectiveness as inter-
ventions for various dermatological conditions, including photoaging, hyperpigmentation,
and acne [4,36,37]. AHAs exert their beneficial effects by enhancing dermal texture, stimu-
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Glycolic Acid

Lactic Acid

Citric Acid

lating collagen synthesis, and improving skin tone (Table 1) [6]. These mechanisms involve
disrupting intercellular adhesions, promoting cellular turnover, and strengthening the
skin barrier (Figure 1) [6]. Of note, the stability and efficacy of AHA formulations are
significantly influenced by formulation considerations, such as pH and vehicle selection.
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Figure 1. Alpha-hydroxy acids in dermatology—formulations, mechanisms of action, and efficacy.

To further advance the field of AHA utilization, future research should focus on the
development of innovative delivery systems, including encapsulation technologies, to
enhance the penetration and stability of AHAs. Encapsulation of AHAs within liposomes
or nanoparticles, for instance, can improve their stability, control release kinetics, and
enhance their overall efficacy [30,32]. By enhancing the delivery of AHAs into the skin,
these innovative delivery systems can maximize their therapeutic potential and provide
improved treatment outcomes.

Exploring synergistic combinations of AHAs with other active ingredients, such
as retinoids, holds promise for the development of more comprehensive and effective
therapies. The combination of AHAs with retinoids has shown significant potential in
addressing a wide range of skin concerns, including photoaging and acne, by targeting
multiple pathways involved in skin aging and promoting cellular renewal [36]. Investi-
gating the synergistic effects of such combinations can lead to the development of novel
treatment modalities with enhanced efficacy and better clinical outcomes.

Furthermore, personalized skincare strategies guided by genetic markers or biomark-
ers represent an exciting area of future research. Understanding the genetic factors and
individual variations that influence the response to AHA treatments can enable the de-
velopment of tailored skincare regimens [37]. By considering individual genetic pro-
files and specific biomarkers, healthcare professionals can optimize AHA formulations
to suit individual needs, improving treatment outcomes and minimizing the risk of
adverse reactions.

To fully harness the potential of AHAs, further investigation is necessary to better
understand their role in treating specific skin concerns, such as melasma, and to explore
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the potential benefits of combining AHAs with emerging technologies like micro-needling
or laser therapy [39]. Research efforts in these areas can pave the way for the development
of novel and more effective treatment approaches [39].

In conclusion, topical AHA formulations offer effective remedies for a wide range
of dermatological conditions. Understanding their multifaceted mechanisms, taking into
account formulation considerations, and directing future research towards innovative de-
livery systems, synergistic combinations, and personalized skincare strategies will enhance
our understanding of AHAs and contribute to the development of safe and efficacious

skincare interventions for patients.

Table 1. Alpha-hydroxy acids in dermatology—formulations, mechanisms of action, and efficacy.

AHA Type

Mode of Action

Formulations
/Vehicles

Efficacy

Glycolic Acid

Augmentation of desquamation
by stimulating the activity of
enzymes implicated in the
degradation of
corneodesmosomes [22]

Stimulation of collagen
synthesis [1]

Concentrations of vary from 2%
to 70% in cleansers, lotions,
creams and gels [6,40]

Professional setting: chemical
peels [13]

Reduction in pigmentation
intensity [16]

Significant reduction in
inflammatory acne lesions and
overall improvement in acne
severity and skin tone [16,19]
Increased epidermal and dermal
firmness and thickness [41]

Lactic Acid

Breakdown intercellular
bonds [1,42]

Stimulation of collagen
synthesis [1,6]

Concentrations of vary from 2%
to 70% in cleansers, lotions,
creams, and gels [6]

Professional setting: chemical
peels [13]

Reduce the number and depth of
fine lines and wrinkles [43]

Improve skin texture and acne [43]
Increased epidermal and dermal
firmness and thickness [41,43]

Citric Acid

Increasing collagen synthesis,
improving the quality of elastic
fibers and increasing the density
of water-binding
glycosaminoglycans [8]
Inhibition of melanin production
due to regulation of
tyrosinase [44]

Concentrations vary from 2% to
70% in cleansers, lotions, creams,
and gels [6]

Lightens post-inflammatory
hyperpigmentation [17]

Increased epidermal and dermal
firmness and thickness [41]

Augment skin brightness and
texture [8]
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writing—original draft preparation, K.K.; writing—review and editing, I.M.; visualization, K.K;
supervision, I.M.; project administration, K.K.; funding acquisition, .M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Cosmetics 2023, 10, 131 11 of 12

References

1.  Tang, S.-C.; Yang, J.-H. Dual Effects of Alpha-Hydroxy Acids on the Skin. Molecules 2018, 23, 863. [CrossRef] [PubMed]

2. Krstonosi¢, V;; Cirin, D. Are cosmetics based on alpha hydroxy acids safe to use when purchased over the internet? Toxicol. Ind.
Health 2022, 38, 835-838. [CrossRef] [PubMed]

3. Moghimipour, E. Hydroxy acids, the most widely used anti-aging agents. Jundishapur J. Nat. Pharm. Prod. 2012, 7, 9-10. Available
online: https://brieflands.com/articles/jjnpp-18289.pdf (accessed on 7 July 2023). [CrossRef] [PubMed]

4. Kornhauser, A. Applications of hydroxy acids: Classification, mechanisms, and photoactivity. Clin. Cosmet. Investig. Dermatol.
2010, 3, 135-142. [CrossRef] [PubMed]

5. Pavlou, P; Siamidi, A.; Varvaresou, A.; Vlachou, M. Skin Care Formulations and Lipid Carriers as Skin Moisturizing Agents.
Cosmetics 2021, 8, 89. [CrossRef]

6. Saxena, V.; Yadav, K. Glycolic Acid, Lactic Acid, Mandelic Acid, Salicylic Acid, Citric Acid, Gluconolactone: Skin Exfoliators in
Combination Therapy of Acne Vulgaris. Int. ]. Res. Eng. Sci. Manag. 2020, 3, 54-55. [CrossRef]

7. Kunde, O. Treatment of multiple skin concerns with an alpha hydroxy acid superficial skin peel. |. Aesthetic Nurs. 2018, 7, 260-265.
[CrossRef]

8. Dumoulin, M.; Gaudout, D.; Lemaire, B. Clinical effects of an oral supplement rich in antioxidants on skin radiance in women.
Clin. Cosmet. Investig. Dermatol. 2016, 9, 315-324. [CrossRef]

9.  Edison, B.L.; Smith, H.A.; Green, B.A.; Tierney, N.K. 27887 Skin exfoliation with low concentrations of alpha hydroxy acids and
poly hydroxy acids when incorporated into wash-off or leave-on products using a novel abbreviated model to measure cell
turnover rate. J. Am. Acad. Dermatol. 2021, 85, AB165. [CrossRef]

10. Dayal, S.; Kalra, K.D.; Sahu, P. Comparative study of efficacy and safety of 45% mandelic acid versus 30% salicylic acid peels in
mild-to-moderate acne vulgaris. J. Cosmet. Dermatol. 2020, 19, 393-399. [CrossRef]

11. Dapkevicius, I.; Romualdo, V.; Marques, A.C.; Lopes, C.M.; Amaral, M.H. Acne Vulgaris Topical Therapies: Application of
Probiotics as a New Prevention Strategy. Cosmetics 2023, 10, 77. [CrossRef]

12.  Prestes, P.S.; de Oliveira, M.M.M.; Leonardi, G.R. Randomized clinical efficacy of superficial peeling with 85% lactic acid versus
70% glycolic acid. An. Bras. Dermatol. 2013, 88, 900-905. [CrossRef] [PubMed]

13. Narda, M,; Trullas, C.; Brown, A.; Piquero-Casals, ].; Granger, C.; Fabbrocini, G. Glycolic acid adjusted to pH 4 stimulates collagen
production and epidermal renewal without affecting levels of proinflammatory TNF-alpha in human skin explants. J. Cosmet.
Dermatol. 2021, 20, 513-521. [CrossRef] [PubMed]

14. Kornhauser, A.; Wei, R.R.; Yamaguchi, Y.; Coelho, S.G.; Hearing, V.J. Targeting epidermal growth factor receptors, protein kinase
Ca, and cytochrome c oxidase in photoaging: Implications for retinoid therapy. Arch. Dermatol. 2010, 146, 647-652. [CrossRef]

15. Ravikumar, B.; Indradevi, R.; Pillai, D. Efficacy of Alpha and Beta Hydroxy Acid Chemical Peels in Postacne Pig-mentation: A
Double Blinded, Randomized, Controlled Trial. J. Clin. Aesthetic Dermatol. 2022, 15, 48. Available online: https:/ /www.ncbi.nlm.
nih.gov/pmc/articles/PMC8903232/ (accessed on 7 July 2022).

16. Conforti, C.; Zalaudek, I.; Vezzoni, R.; Retrosi, C.; Fai, A.; Fadda, S.; Di Michele, E.; Dianzani, C. Chemical peeling for acne and
melasma: Current knowledge and innovations. G. Ital. Dermatol. Venereol. 2020, 155, 280-285. [CrossRef] [PubMed]

17.  Campos, V,; Pitassi, L.; Kalil, C.; Junior, ].E.G.; Sant’anna, B.; Correia, P. Clinical evaluation of the efficacy of a facial serum
containing dioic acid, glycolic acid, salicylic acid, LHA, citric acid, and HEPES in treating post-inflammatory hyperchromia and
controlling oily skin in patients with acne vulgaris. J. Cosmet. Dermatol. 2021, 20, 1766-1773. [CrossRef]

18.  Ghunawat, S.; Sarkar, R.; Garg, V.K. Comparative study of 35% glycolic acid, 20% salicylic-10% mandelic acid, and phytic
acid combination peels in the treatment of active acne and postacne pigmentation. J. Cutan. Aesthetic Surg. 2019, 12, 158-163.
[CrossRef]

19.  Arif, T. Salicylic acid as a peeling agent: A comprehensive review. Clin. Cosmet. Investig. Dermatol. 2016, 8, 455-461. [CrossRef]

20. Karim, M,; Diep, D.; Onikoyi, O.; Teymour, S.; Lal, K. Chemical peels for the management of melasma and hyperpigmentation.
Dermatol. Rev. 2023, 4, 53-57. [CrossRef]

21. Katz, B.E.; Lewis, J.; McHugh, L.; Pellegrino, A.; Popescu, L. The Tolerability and Efficacy of a Three-product An-ti-aging
Treatment Regimen in Subjects with Moderate-to-severe Photodamage. J. Clin. Aesthetic Dermatol. 2015, 8, 21-26.

22.  Sharad, J. Glycolic acid peel therapy—A current review. Clin. Cosmet. Investig. Dermatol. 2013, 6, 281-288. [CrossRef] [PubMed]

23.  Shin, J.-W.; Kwon, S.-H.; Choi, J.-Y,; Na, J.-I.; Huh, C.-H.; Choi, H.-R.; Park, K.-C. Molecular Mechanisms of Dermal Aging and
Antiaging Approaches. Int. ]. Mol. Sci. 2019, 20, 2126. [CrossRef] [PubMed]

24. Lupu, M.; Malciu, A.M.; Voiculescu, V.M. Feasibility of Reflectance Confocal Microscopy Monitoring in Oily, Ac-ne-Prone
Facial Skin Treated with a Topical Combination of Alpha and Beta-Hydroxy Acids, Anti-Inflammatory Molecules, and Her-
culane Thermal Water: A Blinded, One-Month Study. Life 2022, 12, 1973. Available online: https://www.mdpi.com /1968252
(accessed on 7 July 2022). [CrossRef]

25. Bikowski, J.; Draelos, Z.D. Rosacea Regimens. In Cosmetic Dermatology: Products and Procedures, 3rd ed.; Wiley: Hoboken, NJ, USA,
2022; pp. 598-605. [CrossRef]

26. Babilas, P.; Knie, U.; Abels, C. Cosmetic and dermatologic use of alpha hydroxy acids. JDDG ]. Dtsch. Dermatol. Ges. 2012, 10,
488-491. [CrossRef] [PubMed]

27. Mukovozov, I; Roesler, J.; Kashetsky, N.M.; Gregory, A.M. Treatment of Lentigines: A Systematic Review. Dermatol. Surg. 2023,

49, 17-24. [CrossRef] [PubMed]


https://doi.org/10.3390/molecules23040863
https://www.ncbi.nlm.nih.gov/pubmed/29642579
https://doi.org/10.1177/07482337221126771
https://www.ncbi.nlm.nih.gov/pubmed/36408646
https://brieflands.com/articles/jjnpp-18289.pdf
https://doi.org/10.17795/jjnpp-4181
https://www.ncbi.nlm.nih.gov/pubmed/24624144
https://doi.org/10.2147/CCID.S9042
https://www.ncbi.nlm.nih.gov/pubmed/21437068
https://doi.org/10.3390/cosmetics8030089
https://doi.org/10.47607/ijresm.2020.334
https://doi.org/10.12968/joan.2018.7.5.260
https://doi.org/10.2147/CCID.S118920
https://doi.org/10.1016/j.jaad.2021.06.675
https://doi.org/10.1111/jocd.13168
https://doi.org/10.3390/cosmetics10030077
https://doi.org/10.1590/abd1806-4841.20131888
https://www.ncbi.nlm.nih.gov/pubmed/24474097
https://doi.org/10.1111/jocd.13570
https://www.ncbi.nlm.nih.gov/pubmed/32583600
https://doi.org/10.1001/archdermatol.2010.100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8903232/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8903232/
https://doi.org/10.23736/S0392-0488.19.06425-3
https://www.ncbi.nlm.nih.gov/pubmed/31804050
https://doi.org/10.1111/jocd.14016
https://doi.org/10.4103/JCAS.JCAS_135_18
https://doi.org/10.2147/CCID.S84765
https://doi.org/10.1002/der2.169
https://doi.org/10.2147/CCID.S34029
https://www.ncbi.nlm.nih.gov/pubmed/24399880
https://doi.org/10.3390/ijms20092126
https://www.ncbi.nlm.nih.gov/pubmed/31036793
https://www.mdpi.com/1968252
https://doi.org/10.3390/life12121973
https://doi.org/10.1002/9781119676881.ch58
https://doi.org/10.1111/j.1610-0387.2012.07939.x
https://www.ncbi.nlm.nih.gov/pubmed/22916351
https://doi.org/10.1097/DSS.0000000000003630
https://www.ncbi.nlm.nih.gov/pubmed/36533790

Cosmetics 2023, 10, 131 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Jain, G. Innovations with Chemical Peels in Dark Skin. In Chemical Peels: A Global Perspective; Jaypee Brothers Medical Publishers:
New Delhi, India, 2019; p. 274.

Zhou, Z.; Samizadeh, S. Skin Aging and Skincare. In Non-Surgical Rejuvenation of Asian Faces; Wiley: Hoboken, NJ, USA, 2022;
pp. 125-145. [CrossRef]

Leyden, ].].; Del Rosso, ].Q.; Webster, G.F. Clinical Considerations in the Treatment of Acne Vulgaris and Other Inflammatory
Skin Disorders: A Status Report. Dermatol. Clin. 2009, 27, 1-15. [CrossRef]

Sacchidanand, S.; Lahiri, K.; Godse, K.; Patwardhan, N.; Ganjoo, A.; Kharkar, R.; Narayanan, V.; Borade, D.; D’Souza, L.
Synchronizing pharmacotherapy in acne with review of clinical care. Indian |. Dermatol. 2017, 62, 341-357. [CrossRef]

Imhof, L.; Leuthard, D. Topical Over-the-Counter Antiaging Agents: An Update and Systematic Review. Dermatology 2021, 237,
217-229. [CrossRef]

Rendon, M.L; Berson, D.S.; Cohen, ].L.; Roberts, W.E.; Starker, I.; Wang, B. Evidence and considerations in the application of
chemical peels in skin disorders and aesthetic resurfacing. . Clin. Aesthetic Dermatol. 2011, 3, 32—43. [CrossRef]

Shokri, N.; Javar, H.A.; Ghadermazi, R. Effects of Skin Penetration Enhancers in Topical Antiaging Products Containing «-
HydroxyAcids and Hyaluronic Acid. Avicenna J. Med. Biochem. 2014, 2, 2-18611. [CrossRef]

Magerusan, S.; Hancu, G.; Mircia, E. Considerations on the Use of Organic Substances in Chemical Peels: A Systematic Review.
Acta Marisiensis—Ser. Medica 2020, 66, 50-55. [CrossRef]

McDaniel, D.H.; Mazur, C.; Wortzman, M.S.; Nelson, D.B. Efficacy and tolerability of a double-conjugated retinoid cream vs
1.0% retinol cream or 0.025% tretinoin cream in subjects with mild to severe photoaging. J. Cosmet. Dermatol. 2017, 16, 542-548.
[CrossRef] [PubMed]

Purohit, S.; Meena, R.S.; Bargujar, B.; Jain, K. Glycolic acid peels versus salicylic acid peels in atrophic acne scars: A randomized
comparative study. Int. Multispecialty J. Health 2016, 2, 1-9. Available online: https:/ /www.academia.edu/download /48512042
/IMJH-JUN-2016-3.pdf (accessed on 7 July 2022).

Lee, Y.B.; Lee, HJ.; Lee, S.Y.; Jeong, D.W.; Kim, ].W. Efficacy of low-dose isotretinoin in patients with treat-ment-resistant melasma.
J. Dermatol. Treat. 2018, 29, 122-126.

Pietowska, Z.; Nowicka, D.; Szepietowski, ].C. Understanding Melasma-How Can Pharmacology and Cosmetology Procedures
and Prevention Help to Achieve Optimal Treatment Results? A Narrative Review. Int. ]. Environ. Res. Public Health 2022,
19, 12084. [CrossRef] [PubMed]

Cotellessa, C.; Peris, K.; Chimenti, S. Glycolic acid and its use in dermatology. J. Eur. Acad. Dermatol. Venereol. 1995, 5, 215-217.
[CrossRef]

Bernstein, E.F.; Underbill, C.B.; Lakkakorpi, J.; Ditre, C.M.; Uitto, J.; Yu, R.J.; VAN Scott, E. Citric Acid Increases Viable Epidermal
Thickness and Glycosaminoglycan Content of Sundamaged Skin. Dermatol. Surg. 1997, 23, 689-694. [CrossRef]

Abels, C.; Reich, H.; Knie, U.; Werdier, D.; Lemmnitz, G. Significant improvement in mild acne following a twice daily application
for 6 weeks of an acidic cleansing product (pH 4). J. Cosmet. Dermatol. 2014, 13, 103-108. [CrossRef]

Young-Jung, W.; Jin-Nam, K.; Hwa-Won, R. Biotechnological production of lactic acid and its recent applications. Food Technol.
Biotechnol. 2006, 44, 163-172.

Kulkarni, S.J. Production of citric acid: A review on research and studies. Int. |. Adv. Res. Found. 2015, 2, 17-19.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/978-3-030-84099-0_9
https://doi.org/10.1016/j.det.2008.07.008
https://doi.org/10.4103/ijd.IJD_41_17
https://doi.org/10.1159/000509296
https://doi.org/10.3410/f.11927956.13043056
https://doi.org/10.17795/ajmb-18611
https://doi.org/10.2478/amma-2020-0010
https://doi.org/10.1111/jocd.12381
https://www.ncbi.nlm.nih.gov/pubmed/28762645
https://www.academia.edu/download/48512042/IMJH-JUN-2016-3.pdf
https://www.academia.edu/download/48512042/IMJH-JUN-2016-3.pdf
https://doi.org/10.3390/ijerph191912084
https://www.ncbi.nlm.nih.gov/pubmed/36231404
https://doi.org/10.1111/j.1468-3083.1995.tb00107.x
https://doi.org/10.1111/j.1524-4725.1997.tb00391.x
https://doi.org/10.1111/jocd.12086

	Introduction 
	Types of AHAs 
	Efficacy of Topical AHA Formulations 
	Mechanisms of Action 
	Formulation Considerations 
	Safety and Side Effects 
	Future Directions 
	Conclusions 
	References

