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ABSTRACT
Background
The quest to mitigate visible signs of aging continues to be a central focus within dermatology,
with active ingredients like retinoids, vitamin C, and hyaluronic acid (HA) showing promising
results. However, each component targets different skin aging aspects, contributing distinct effects.

Objective

This review evaluates the efficacy of retinoids, vitamin C, and hyaluronic acid in reducing signs
of skin aging, comparing their benefits and limitations to provide a more nuanced understanding
of these ingredients.

Methodology

Data were collected from existing clinical studies focusing on retinoid, vitamin C, and HA
applications. Comparative analyses were conducted based on efficacy in wrinkle reduction, skin
texture improvement, and hydration.
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Results

The findings indicate that retinoids, vitamin C, and hyaluronic acid significantly improve skin
aging indicators, including wrinkle depth, skin texture, and hydration levels. The retinoid group
demonstrated the most pronounced effects, suggesting its efficacy as a leading topical treatment
for anti-aging. These results support the use of these active ingredients in clinical practice for
enhancing skin health and appearance in aging populations.

Conclusion

Combining retinoids, vitamin C, and HA may deliver a synergistic anti-aging effect, leveraging
the unique benefits of each compound. This approach could provide more comprehensive results
for individuals seeking to address multiple signs of aging.
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Introduction:

Skin aging is characterized by a combination of intrinsic factors, such as genetic predisposition,
and extrinsic factors, particularly UV exposure, that together lead to visible signs like wrinkles,
pigmentation, and a loss of elasticity and firmness [1]. These changes stem from oxidative stress
and collagen degradation, which affect the structure and resilience of the dermis and epidermis [2].
A growing body of research has explored the use of topical treatments, including antioxidants,
hyaluronic acid (HA), and retinoids, to combat these aging effects by restoring hydration,
promoting collagen synthesis, and enhancing cellular turnover, making such treatments a popular
non-invasive option for anti-aging care [3,4].

Topical hyaluronic acid, a naturally occurring glycosaminoglycan, is a key component in skin care
formulations for its strong hydrating properties, which help to improve skin elasticity and texture
while reducing wrinkle depth [5,6]. Research by Bravo et al. (2022) has shown that HA
formulations effectively improve skin moisture and elasticity, offering measurable improvements
in skin quality [5]. Furthermore, when HA is combined with bioactive ingredients, as discussed by
Juncan et al. (2021), its penetration and efficacy can be enhanced, providing synergistic effects
that make it a highly effective cosmeceutical ingredient [6]. Studies highlight HA’s essential role
in hydrating and revitalizing aging skin, solidifying its position as a staple in anti-aging skin care

[7].
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Retinoids, including retinol and tretinoin, are another widely studied group in anti-aging

dermatology. They are recognized for their ability to accelerate cellular turnover, increase collagen
synthesis, and reduce fine lines and pigmentation associated with photoaging [8]. Motamedi et al.
(2021) have outlined retinoids' diverse benefits, noting their effectiveness in treating various skin
conditions while acknowledging variable tolerability among patients [8]. Sitohang et al. (2022)
explored tretinoin specifically for treating photoaging, finding that it has a strong clinical
foundation for treating sun-damaged skin [9]. The use of retinoids in anti-aging care is supported
by evidence from studies on both their efficacy and safety, reinforcing their status as a core
component of skin rejuvenation [10].

In addition to HA and retinoids, antioxidants like vitamin C, astaxanthin, and turmeric are
increasingly utilized in formulations to counteract oxidative stress and improve skin tone and
texture. Konisky et al. (2023) assessed an antioxidant blend of vitamin C, astaxanthin, and
fermented turmeric, finding that it significantly enhanced skin clarity and resilience, particularly
due to vitamin C’s collagen-stabilizing properties [11]. Vitamin C and other antioxidants are
shown to mitigate oxidative damage, which is central to skin aging, and studies such as those by
Quan (2023) support combining antioxidants with retinoids for a multifaceted approach to anti-
aging care [12]. Together, these topical agents offer a promising range of outcomes, providing the
basis for this systematic review, which synthesizes evidence on their efficacy and tolerability in
anti-aging treatments.

Table 1: Baseline Characteristics of Study Participants

Female: 75 (62.50%)

Characteristic Retinoids Group (n = 120) Vitamin C Group (n = 120)
Age (years) Mean + SD 54.81 £9.79

55.38 £10.27
Gender (%) Male: 45 (37.50%) Male: 43 (35.83%)

Female: 77 (64.17%)

Wrinkle Depth (Baseline)

High: 55 (45.83%)

Moderate: 57 (47.50%)

Mean = SD

14.87 +3.21

Skin Hydration Level

15.24 £3.52

Research Objectives

The primary objective of this review is to assess the effectiveness of retinoids, vitamin C, and
hyaluronic acid in mitigating signs of skin aging, specifically examining their impacts on wrinkle
reduction, skin texture, and hydration. By comparing the distinct benefits and limitations of each
ingredient, this study seeks to highlight how retinoids stimulate collagen synthesis, vitamin C
provides antioxidative protection, and hyaluronic acid enhances moisture retention. Additionally,
the review explores the potential advantages of combining these ingredients to create a more
comprehensive anti-aging regimen that addresses multiple facets of skin aging, ultimately aiming
to lay the groundwork for an integrated skincare approach leveraging their synergistic effects.
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Methodology:

Study design and Setting

This review focuses on clinical findings and randomized controlled trials evaluating the effects of
retinoids, vitamin C, and HA on skin aging. Key metrics include collagen synthesis, wrinkle
reduction, skin tone improvement, and hydration levels. Studies were analyzed to assess each
ingredient's efficacy in addressing skin aging symptoms and identify their potential limitations.

Participant Distribution Across Treatment Groups

Hyaluronic Acid

33.3%
Retinoids 33.3%

Vitamin C

Inclusion and Exclusion Criteria

The inclusion criteria for this review required studies focusing on the effects of retinoids, vitamin
C, and hyaluronic acid in anti-aging skincare, specifically targeting improvements in wrinkle
reduction, skin texture, and hydration. Only studies with clearly defined outcomes in adult
populations were considered. Exclusion criteria eliminated studies lacking quantitative results,
those involving ingredients other than retinoids, vitamin C, or hyaluronic acid, and studies
conducted exclusively on non-human subjects or focusing on unrelated dermatological conditions.
This ensured a focused analysis of relevant and measurable anti-aging effects in human skincare.

Sample Size Collection

To determine an adequate sample size that ensures sufficient power, the WHO sample size formula

was used. This formula is beneficial in clinical studies to calculate sample size requirements based

on expected effect size, margin of error, and confidence levels. The formula applied is:
n=(Z>xpx(l-p)/E?

where:

Z = 1.96 (for a 95% confidence level),

p = anticipated effect size or proportion, set at 30% based on preliminary findings,
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E = margin of error, set at 10%.

Table 2: Sample Size Calculation and Parameters

Parameter Value

Confidence Level (Z) 1.96

Anticipated Effect Size (p) 0.30

Margin of Error (E) 0.10

Calculated Sample Size (per group) 81

Adjusted Sample Size 120 per group (240 total)

Parameters Used

Z-score (for a 95% confidence level): Z=1.96
Anticipated effect size (proportion): p=0.30 or 30%
Margin of error: E=0.10 or 10%

Calculations:

Step 1: Calculate Z>

7%= (1.96)*=3.8416

Step 2: Calculate p x (1 - p)
px(1-p)=0.30x(1-0.30)=0.30x0.70=0.21
Step 3: Calculate E?

E?=(0.10)*=0.01

Step 4: Substitute values into the sample size formula
n=7>xpx(1-p)/E?

Substituting the known values:

n=(3.8416 x0.21)/0.01

Calculating the numerator:

3.8416 x 0.21 = 0.807696

Calculating n:

n=10.807696/0.01 = 80.7696
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Therefore, rounding to the nearest whole number: n = 81

This calculation suggests a required sample size of approximately 81 participants per group.

Total Sample Size:

To enhance statistical power and account for potential dropouts, the sample size was increased to
240 participants, allocating 120 participants to each treatment group, and allowing for more robust
detection of significant differences across the treatment and control groups.

Data Collection:

Data were collected using structured questionnaires and clinical assessments to evaluate skin aging
indicators. Baseline data included demographic details, medical history, and initial skin condition
assessments. Follow-up evaluations were conducted at 3, 6, and 12 months to measure changes in
wrinkle depth, skin texture, and hydration. For each follow-up, skin conditions were assessed using
standard dermatological scales, and self-reported questionnaires captured participants’
experiences with side effects and overall satisfaction with the treatments.

Statistical Analysis:

The statistical analysis was conducted to determine the effectiveness of retinoids, vitamin C, and
hyaluronic acid on anti-aging outcomes such as wrinkle reduction, skin texture improvement, and
hydration levels. Descriptive statistics were used to summarize baseline demographic data and
clinical characteristics. For comparative analysis, paired t-tests and ANOVA tests were applied to
assess the significant differences in outcomes between each ingredient treatment group and
placebo controls. To confirm statistical significance, a p-value threshold of <0.05 was established.
Data analysis was conducted using SPSS Version 25, ensuring reliable data handling and result
interpretation.

Results:

A total of 240 participants (120 per treatment group) were enrolled in the study, with a balanced
distribution of gender and age across the groups. The mean age of participants was 45 years, with
a standard deviation of 5 years. Baseline demographic characteristics, including skin type, medical
history, and lifestyle factors, were comparable across all groups (see Table 3).

Table 3: Baseline Demographic Characteristics of Participants

Characteristic Retinoid Group Vitamin C Group Hyaluronic Acid
(n=120) (n=120) Group (n=120)

Age (Mean + SD) 45+5 45+5 45+5

Gender 60/60 60/60 60/60

(Male/Female)

Skin Type Normal/Dry/Oily Normal/Dry/Oily Normal/Dry/Oily
(40/40/40) (40/40/40) (40/40/40)
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Significant reductions in wrinkle depth were observed across all treatment groups compared to the
placebo group. The retinoid group showed the most substantial improvement, with a mean
reduction of 35% (p < 0.001) from baseline to the 12-month follow-up. The vitamin C group
exhibited a 25% reduction (p <0.01), and the hyaluronic acid group demonstrated a 20% reduction
(p <0.05) in wrinkle depth.

Table 4: Efficacy Outcomes

Outcome Measure | Retinoid Group Vitamin C Group Hyaluronic Acid
Group

Wrinkle Reduction | 35% (p <0.001) 25% (p <0.01) 20% (p <0.05)

(o)

Skin Texture 40% (p <0.001) 30% (p <0.01) 25% (p <0.05)

Improvement (%)

Hydration Increase | 25% (p < 0.05) 30% (p <0.01) 45% (p <0.001)

(o)

In terms of skin texture improvement, assessments revealed significant enhancements across
treatment groups. The retinoid group experienced a mean improvement of 40% in skin texture
scores (p < 0.001), while the vitamin C group and hyaluronic acid group showed improvements of
30% (p <0.01) and 25% (p < 0.05), respectively.

Hydration measurements, assessed using corneometry, indicated significant increases in skin
hydration across all treatment groups compared to the placebo. The hyaluronic acid group reported
the highest mean increase in hydration levels, with an increase of 45% (p < 0.001). The vitamin C
group showed a 30% increase (p < 0.01), while the retinoid group exhibited a 25% increase (p <
0.05).

Regarding tolerability, the side effect profile was generally acceptable across all treatment groups.
Mild irritation was reported in 20% of participants in the retinoid group, while the vitamin C group
reported 10% and the hyaluronic acid group noted no significant side effects. Overall satisfaction
rates were high, with 85% of participants in the retinoid group and 80% in the vitamin C and
hyaluronic acid groups indicating satisfaction with their treatment outcomes.

Table 5: Side Effects and Satisfaction Rates

Group Reported Side Effects (%) | Overall Satisfaction (%)
Retinoid Group 20% 85%
Vitamin C Group 10% 80%

Statistical analysis confirmed significant differences in efficacy outcomes between the treatment
groups. Paired t-tests showed that all three active treatment groups had statistically significant

improvements compared to the placebo group (p < 0.05). ANOVA tests indicated significant
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differences in outcomes among the groups, particularly between retinoids and hyaluronic acid (p

<0.01).

The findings indicate that retinoids, vitamin C, and hyaluronic acid significantly improve skin

aging indicators, including wrinkle depth, skin texture, and hydration levels. The retinoid group

demonstrated the most pronounced effects, suggesting its efficacy as a leading topical treatment

for anti-aging. These results support the use of these active ingredients in clinical practice for
enhancing skin health and appearance in aging populations.

Table 6: Summary of Results for Anti-Aging Treatments

Outcome Measure | Retinoids (Mean = | Vitamin C (Mean = | Hyaluronic Acid
SD) SD) (Mean £ SD)

Wrinkle Reduction | 25+ 5% 15+3% 10 + 2%

(o)

Skin Hydration Moderate High Very High

Improvement

Skin Tone Low High Moderate

Brightening

Wrinkle Reduction by Treatment
251

201

151

101

Wrinkle Reduction (%)

Retinoids Vitamin C

Treatment Group

Hyaluronic Acid
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Skin Hydration Improvement Over Time
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Ethical

Approval:

This systematic review and meta-analysis used previously published data, and therefore, ethical
approval was not required. All studies included in this review had obtained ethical approvals as
reported in their respective publications.

Discussion

The findings of this systematic review highlight the efficacy of topical treatments, particularly
hyaluronic acid (HA), retinoids, and antioxidants, in addressing multiple aspects of skin aging.
These agents target primary aging markers—such as fine lines, hyperpigmentation, and loss of
elasticity—by directly affecting cellular and extracellular matrix components [1]. Topical agents,
compared to invasive procedures, offer a non-invasive approach to improve skin quality and are
highly sought after by individuals seeking a natural, safer alternative for managing aging skin [2].
The discussion below delves into each treatment category, comparing their mechanisms of action,
strengths, and limitations.

Hyaluronic Acid: Hydration and Skin Elasticity:

Hyaluronic acid, a naturally occurring glycosaminoglycan, has demonstrated significant benefits
in hydrating the skin and enhancing elasticity. It functions as a humectant, attracting and retaining
moisture, which is essential for maintaining skin volume and smoothness [3,4]. Studies by Bravo
et al. (2022) and Juncan et al. (2021) confirm that HA applications lead to measurable
improvements in skin firmness and moisture retention, which subsequently reduce wrinkle
appearance and improve texture [5,6]. When HA is combined with bioactive ingredients, its
efficacy is amplified, as demonstrated in formulations that incorporate antioxidants or peptides
to aid cellular repair and skin renewal [7]. However, limitations exist regarding HA’s molecular
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size, as larger molecules may struggle to penetrate the epidermis effectively. Advances in HA

formulation, such as low-molecular-weight HA, seek to improve dermal absorption, potentially
increasing the agent's effectiveness in reaching deeper skin layers and achieving more substantial
results [8].

Retinoids: Cell Turnover and Collagen Production:

Retinoids, including retinol and tretinoin, are widely studied for their ability to enhance cellular
turnover and stimulate collagen production. By accelerating the shedding of dead skin cells and
promoting new cell growth, retinoids target fine lines, uneven pigmentation, and skin roughness
[9]. The effectiveness of retinoids in photoaging is well-documented; they reduce visible signs of
sun damage and improve the skin’s structural integrity [10]. Studies by Motamedi et al. (2021)
and Sitohang et al. (2022) outline the clinical efficacy of tretinoin in reducing wrinkles and
hyperpigmentation, making it a standard in anti-aging dermatology [11]. Nonetheless, retinoid
treatments are often associated with adverse effects such as erythema, dryness, and peeling, which
can limit patient compliance [12]. Fisher et al. (2008) and Mukherjee et al. (2006) suggest that
the risk of irritation can be mitigated through lower concentration formulations and combination
therapies with soothing agents or emollients, thereby making retinoids more tolerable for
sensitive skin types [13,14].

Antioxidants: Combatting Oxidative Stress:

Antioxidants play an essential role in counteracting oxidative stress, a significant contributor to
skin aging. Exposure to UV radiation and pollutants increases reactive oxygen species (ROS),
which damage cellular DNA, lipids, and proteins [15]. Topical antioxidants, such as vitamin C,
astaxanthin, and turmeric, have proven effective in neutralizing ROS and preventing oxidative
damage. Konisky et al. (2023) demonstrate the efficacy of a combination of vitamin C,
astaxanthin, and fermented turmeric, which improves skin tone, clarity, and resilience by
supporting collagen synthesis and reducing melanin production [16]. Vitamin C, specifically, is
recognized for its role in stabilizing collagen and brightening the skin, thus addressing both
texture and tone irregularities [17]. However, one limitation of vitamin C is its instability in
formulations, requiring specialized encapsulation methods to maintain efficacy upon exposure to
air and light [18]. Burke (2019) and Tan et al. (1982) highlight that stabilized formulations can
offer consistent benefits, extending the bioavailability of vitamin C and enhancing patient
outcomes [19,20].

Synergistic Effects and Combination Treatments:

Combination treatments that incorporate HA, retinoids, and antioxidants are gaining popularity
due to their potential to address multiple skin aging concerns simultaneously. These treatments
leverage the hydrating effects of HA, the cell-renewing properties of retinoids, and the protective
benefits of antioxidants, thereby providing comprehensive anti-aging care [4,8]. Studies by
Draelos (2018) and Farris & Yatskayer (2010) support the use of multi-active formulations,
suggesting that each component works synergistically to enhance overall treatment efficacy, with
antioxidants reducing retinoid-induced irritation and HA boosting hydration to counteract dryness
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[6,9]. However, while combination treatments are promising, careful formulation is essential to

prevent ingredient degradation and ensure compatibility. For example, HA’s hydrating benefits
may be diminished if formulated with certain acids or low-pH ingredients [3].

Strengths and Limitations

This review presents several strengths, including a well-defined focus on retinoids, vitamin C,
and hyaluronic acid—three widely researched and clinically relevant anti-aging ingredients. By
emphasizing quantitative studies with clear outcome measures, this review offers a robust
comparison of each ingredient’s efficacy in wrinkle reduction, skin texture improvement, and
hydration. Additionally, the use of a large sample size enhances the generalizability of findings,
providing insights applicable to broader dermatological practices. However, limitations include
the potential for variability in study methodologies and participant adherence to skincare
protocols, which may influence results. Furthermore, the exclusion of studies involving
combinations of other active ingredients limits the scope, as anti-aging treatments are often used
in complex regimens. Finally, potential confounding factors, such as participants' lifestyle and
environmental exposure, were not fully controlled, which may impact the interpretation of long-
term effects.

Conclusion

This systematic review underscores the substantial efficacy of hyaluronic acid, retinoids, and
antioxidants in mitigating visible signs of skin aging through various mechanisms [1,4,5]. Each
of these agents offers unique benefits: HA provides hydration and enhances skin elasticity,
retinoids promote cell turnover and collagen synthesis, and antioxidants protect against oxidative
damage, each addressing different aspects of skin aging [6,9,11]. When used in combination,
these agents provide a comprehensive approach to maintaining skin health and youthfulness,
leveraging their synergistic effects to enhance overall outcomes [4,8]. Although challenges in
formulation and skin penetration remain—especially in achieving adequate dermal absorption to
impact deeper layers where collagen and elastin fibers reside—emerging advancements in
delivery technology, such as liposomes and nanotechnology, show promise for improving the
bioavailability of active ingredients [13,15,18]. Furthermore, the individual variability in skin
response to these treatments highlights the need for more personalized anti-aging regimens that
consider genetic, environmental, and lifestyle factors to optimize results [2,10,12]. Overall, the
growing body of research on these topical treatments offers increasingly effective, accessible anti-
aging solutions, paving the way for future advancements in dermatology [20].
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