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Abstract: Topical retinoid treatment is considered a standard therapeutic approach for chrono and
photo skin aging. Retinol (vitamin A) is the precursor of endogenous retinoids. A prospective, 12-week,
randomized, parallel-group trial comparing the combination of vitamins’ oral supplementation (one
capsule daily, 50.000 UI vitamin A and 50 mg vitamin E) and a 0.02% retinoic acid topical gel formulation
(RG) applied in the evening (Group B) in comparison with the topical RG treatment alone (Group
A) was conducted. A total of 60 subjects (men and women, aged >50 years, mean age 60 ± 8 years)
with moderate-severe facial skin aging (Glogau score > 2) were enrolled after their written informed
consent. Thirty participants were randomly assigned to Group A and 30 to Group B. The primary
endpoint was the clinical evaluation of a Skin Aging Global Score (SAGS), at baseline, and after 6 and
12 weeks. A VISIA® (Canfield Scientific, Parsippany, NJ, USA)face sculptor analysis was performed
in a subgroup of 20 subjects. Skin tolerability was evaluated in both groups at weeks 6 and 12. In
comparison with the baseline, SAGS scores in both groups were reduced by 13% (Group A) and by 14%
(Group B) after 6 weeks and by 22% (Group A) and by 27% (Group B) at week 12. At the end of the
study, SAGS score absolute reduction in Group B was significantly greater (p < 0.01) in comparison with
the absolute reduction in Group A. Both treatment regimens were well tolerated. The combination of
medium-high doses of oral retinol supplementation (Vitamin A) and topical retinoic acid gel showed
superior efficacy in terms of clinical improvement in comparison with the topical treatment alone in
subjects with moderate/severe skin aging.

Keywords: vitamin A; retinoic acid; skin aging; In&Out strategy

1. Introduction
1.1. Skin Aging

Skin aging is a complex biological process caused by both intrinsic (chrono-aging)
and extrinsic factors (photo-aging). Intrinsic skin aging occurs inevitably, as a natural
consequence of physiological changes over time [1]. Different factors contribute to chrono-
aging: physiological variation with anatomical modification, lifestyle, hormonal changes,
and ethnicity [1]. The different ethnicities are related to different pigmentations. High
pigmentation is generally protective and is able to provide a 500-fold level of protection
from ultraviolet (UV) radiation [2]. The main clinical features of chrono-aging include
dryness, homogeneous color, atrophy, and fine wrinkling [3]. Extrinsic factors are, to
varying degrees, partially controllable. Several studies have demonstrated the role of
ultraviolet radiation exposure, air pollution, tobacco smoking, and unhealthy diet in the
skin aging process [4,5]. It is well known that solar exposure plays the most relevant role in
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extrinsic aging processes (the so-called photo aging). Long-term exposure to UV rays causes
unwanted and deleterious effects on the skin and represents the major risk factor for the
development of both non-melanoma and melanoma skin cancer. The clinical signs of photo
aging are coarse wrinkles, dark spots, skin xerosis, reduced skin elasticity, and sallowness
of the skin [6]. Permanent visible changes of the skin could have a significant emotional
and psychological impact on the quality of life [7]. In addition, skin aging is associated
with medical implications, such as xerosis, pruritus, and skin damage (dermatoporosis),
which represent common and problematic conditions associated with skin aging [3]. Skin
aging is a highly complex and not fully understood process, and different mechanisms are
involved in its development.

1.1.1. Oxidative Stress and Skin Aging

Reactive oxygen species (ROS) are a class of reactive substances containing oxygen.
The main ROS in the body are: superoxide anion (O2−), hydrogen peroxide (H2O2), hy-
droxyl radical (·OH), singlet oxygen (1O2), lipid peroxides, and nitrogen oxides. They
mainly derive from cellular oxidative metabolism and UV radiation [8,9]. Under normal
conditions, ROS production and clearance are in a delicate dynamic balance, in which
antioxidants play a key role [9]. Generally speaking, the concentration of antioxidants is
higher in the epidermal layer than the dermal layer [10].

According to the free radical or oxidative stress theory of aging, oxidative cellular
damage represents one of the main contributors to the aging process. Excessive ROS
can directly damage cells, causing lipid, protein, nucleic acid, and mitochondrial DNA
damage [11]. ROS, through the stimulation of mitogen-activated protein kinase (MAPK)
and the activation of the heterodimer activator protein 1 (AP-1), induces the synthesis of
matrix metalloproteinases (MMPs) [12] responsible for collagen degradation. A study by
Fisher et al. confirmed the role of MMPs as mediators of collagen damage: the UV radiation
determined an elevation of MMPs that degraded skin collagen contributing to photo
aging [13]. The skin is well-equipped with several weapons to deal with oxidative stress,
such as physical (skin barrier) and biological components (antioxidant molecules). However
excessive sunlight exposure and other free radicals generated (e.g., from pollution, smoking,
unhealthy diet) can overwhelm these protective systems inducing oxidative damage.

1.1.2. Autophagy and Skin Aging

Autophagy is a mechanism involved in cellular homeostasis; it represents one of the
survival mechanisms of cells in the presence of intrinsic and extrinsic stress. Autophagy
is a process of cellular self-digestion in which waste material is delivered to lysosomes
for breakdown [14] Autophagy includes three main pathways: macro autophagy, micro
autophagy, and chaperone-mediated autophagy [15].

Autophagy is involved in cellular senescence and skin aging, although their relation-
ship is still unclear [9]. Recent studies have underlined that skin aging could be partially
caused by defects of autophagy [14]. The autophagy process has a key role in homeostasis,
intracellular remodeling, and suppressing the accumulation of dangerous compounds.
Therefore, the alteration of this process leads to a decrease in the protective function of
skin epithelia [14]. Although UV radiation is able to activate autophagy in epidermal
keratinocyte, melanocytes, dermal fibroblasts, and sebaceous gland cells’ excessive UV
irradiation interfere with this process. Chronic UVA exposure determined lysosomal
dysfunction in skin fibroblasts, while excessive UVB irradiation also leads to decreased
autophagy function in fibroblasts in vitro [15].

Considering that autophagy plays a potentially crucial role in counteracting aging,
strategies aimed at its modulation could be promising for the prevention of skin aging [16,17].

1.2. Topical Retinoids and Skin Aging

Different anti-aging approaches have been developed to rejuvenate aged skin and
prevent age-related skin diseases. Among anti-aging substances, retinoids and alpha-
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hydroxy acids are the actives commonly used at the topical level [7] and retinoic acid
represents the gold standard treatment [3]. Retinoic acid and its metabolic precursor,
retinol, increase collagen formation, preventing collagen degradation in the skin and
leading to a clinical improvement in wrinkles. In addition, retinoic acid also determined an
improvement in dyspigmentation [3]. Recently, a clinical trial showed the clinical efficacy
and tolerability of a medical device containing retinoic acid (0.02%) and glycolic acid (4%)
in a polyvinyl gel vehicle (RG) [7] as an anti-skin aging strategy. The RG significantly
reduced dark spots (−40%) and severity of wrinkles (−12%) after 4 weeks compared to the
baseline [7]. Retinoids have a well-established role in cellular differentiation [18]. Recent
studies underlined that retinoic acid is also able to promote autophagosome maturation [19].
The pharmacological modulation of autophagic activity has been suggested as a strategy
for therapy that involves different clinical situations, including premature aging [19].
Therefore, retinoids can favor the process of autophagy; this could be an additional anti-
aging mechanism of these molecules.

1.3. Vitamins and Skin Aging

Vitamin A is a non-esterified free form of retinoid and has to be converted by the body
into the active form (retinoic acid) by two conversion steps [8]. Retinoids are involved
in many biological processes, such as inflammation, differentiation, proliferation, vision,
growth, and apoptosis [9]. Retinoids, including retinol, are the actives commonly used at
the topical level to counteract skin aging. Is demonstrated that retinol is able to stimulate
new collagen deposition, reducing MMPs expression. However, levels of retinoids in the
skin decline when exposed to ultraviolet irradiation [20]. Adequate assumption of Vitamin
A (retinol) is therefore necessary for the growth of healthy skin and hair [20].

Vitamin E (tocopherols) is a vitamin with well-known antioxidant properties. It is
able to counteract radicals and protect the skin from solar radiation [10]. Indeed, the use
of antioxidants is an effective strategy to counteract the skin-aging processes [21]. Among
the activities of tocopherols, Vitamin E stimulates glutathione (GSH) synthesis in HaCaT
keratinocytes [22], suppresses UVB-induced edema, erythema, and lipid peroxidation, and
reduces some UVA negative effects [23].

In recent years, the connection between nutrition and skin condition has been under-
lined. Different nutrients such as carotenoids, tocopherols, flavonoids, vitamins (A, C, D
and E), essential omega-3 fatty acids, some proteins, and probiotics have been referred to
be agents capable of promoting skin health and beauty [24,25]. These substances have been
widely used in the skincare industry, both topically and as oral supplements to improve
skin appearance [26].

Both Vitamins A and E must be regularly consumed in our diet [27]. Recently, a drug
containing Vitamin A (50000 UI) and Vitamin E (50 mg) has been proposed as an adjuvant
anti-aging treatment. However, no clinical data are available regarding the anti-aging
effect of the association between oral Vitamin A and Vitamin E (“In” strategy) and the
topic utilization of a gel (RG) containing retinoic acid (0.02%) and glycolic acid (4%) (“Out”
strategy). This “In&Out” strategy, which combines antioxidants (Vitamin E) and retinoids
(Vitamin A and retinoic acid), could represent an interesting approach to counteract the
oxidative stress and the defects of autophagy involved in skin aging.

In this context, a prospective, randomized, controlled, 3-month, assessor-blinded, trial
was conducted to assess the clinical efficacy and the tolerability of this “In&Out” strategy.

2. Materials and Methods
2.1. Population and Study Design

Between September 2022 and June 2023, a total of 60 participants (56 women and
4 men, median age 60 ± 8 years), were enrolled and randomized in a 1:1 allocation ratio and
instructed to apply the medical device containing retinoic acid (0.02%) and glycolic acid (4%)
once a day every two days (Group A) or to apply the medical device and orally consume
the drug containing Vitamin A (50000 UI) and Vitamin E (50 mg), one capsule daily (Group
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B). The randomization list was generated by a dedicated computer program. Both products
were commercially available (Cantabria Labs Difa Cooper, Caronno Pertusella, Italy).

The main inclusion criteria were men and women with age > 50 years, with moderate-
severe skin aging (Glogau Score > 2). The main exclusion criteria were pregnancy or
breastfeeding, clinically relevant liver disease, untreated dyslipidemia, and acute skin
diseases. The study was conducted over 12 weeks, and participants were evaluated at
the baseline and after 6 and 12 weeks. The trial took place in four different dermatology
clinics in Italy. The trial was conducted according to Good Clinical Practice Guidelines and
Helsinki Declaration. All subjects provided a signed informed consent.

2.2. Study Outcomes

The primary efficacy outcome was evaluated in an assessor-blinded fashion by a panel
of four dermatologists (To-Re Trial Study Group) at the baseline and after 6 and 12 weeks
through the Skin Aging Global Score (SAGS), a subjective score that asses six parameters
(elasticity, wrinkle, roughness, pigmentation, erythema, and skin pores) with a 5-point
score for each item (from 0 to 4; maximum score that indicated the highest skin-aging
condition: 24). A VISIA® objective face sculptor analysis was performed in a subgroup of
20 subjects.

The VISIA Complexion Analysis Camera (Canfield Scientific, Parsippany, New Jersey,
United States) is a camera system that uses specific lighting (standardized and cross-
polarized lighting) to evaluate different skin surface characteristics: (1) spots on the skin
surface (they occur when melanin coagulates below the skin surface as a result of sun
damage and are generally invisible under light conditions); (2) wrinkles; (3) skin texture;
(4) pores; (5) brown spots (occur from an excess of melanin, they are lesions on the skin
such as hyper-pigmentation, freckles, lentigines, and melasma); (6) red areas (blood vessels
and hemoglobin) (Figure 1).
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The results are expressed as percentile scores using, as a comparison, a database of skin
features of a group of people of the same age and skin type. The 50% percentile represents
the average of the reference group, higher scores are associated with an improvement in
terms of skin condition [28].

In addition, a final evaluation of efficacy was conducted by investigators with a 4-
point subjective score from 0 (none) to 3 (excellent) after 12 weeks, considering different
final effects (firming effect, volume effect, nourishing effect, or illuminating effect). The
nourishing effect refers to a subjective evaluation of the improvement of the skin appearance
in terms of tone and texture, as a possible consequence of a skin barrier function recovery
through the reconstitution of the hydrophilic film. The illuminating effect refers to an
improvement in the glow and radiance of the skin.

The tolerability of products was self-reported and evaluated after 6 and 12 weeks with
a 3-point score from 0 (scarce) to 2 (excellent).

2.3. Statistical Analysis

A total of 60 participants were enrolled and randomized in a 1:1 allocation ratio.
The sample size calculation was performed considering the data of Campione et al. [7],
which reported a reduction of −12% in wrinkle severity after the topical application of
a gel containing retinoic acid (0.02%) and glycolic acid (4%), and a hypothesis to find an
additional effect in SGAS reduction of 25% from the combination of the In&Out strategy.
With an effect size (Choen’s d value) of 0.75, an alpha value of 0.05, and a power of 85%,
a total of at least 54 subjects should be enrolled. The sample size was calculated using
G*Power statistical software version 3.1.9.4 (G*Power, Heinrich Heine University, Kiel,
Germany). Statistical analyses were conducted using GraphPad statistical software version
5.0 (GraphPad Software Inc., La Jolla, CA, USA). A non-parametric unpaired test was used
to compare the different groups, while the ANOVA test was applied to compare data at
baseline and after 6 and 12 weeks. Data are expressed as mean ± standard deviation (SD),
and a p-value < 0.05 was considered significant.

3. Results

The trial was carried out between September 2022 and June 2023. A total of 60 partici-
pants were enrolled and completed the study. Subjects were randomized into two groups:
Group A (n = 30, mean age 59.9 ± 8.5 years, mean SAGS at baseline 12.8 ± 4.0) and Group
B (n = 30, mean age 60.3 ± 8.3 years, mean SAGS at baseline 13.8 ± 4.6). Demographic and
baseline characteristics were similar between groups (p > 0.05). The flow diagram of the
study is illustrated in Figure 2.

The Skin Aging Global Score (SAGS), based on the sum of different six parameters
(elasticity, wrinkle, roughness, pigmentation, erythema, and skin pores) decreased in both
groups (Table 1): The reduction was statistically significant after 12 weeks in Group A
(−22%, p < 0.05) and in Group B (−27%, p < 0.01). As illustrated in Figure 3, the reduction
in SAGS after 12 weeks compared to the baseline was significantly higher in Group B
compared to Group A (−3.8 ± 2.4 and −2.8 ± 2.1, respectively, p < 0.01).

Regarding the score of the single parameters considered, it generally decreased in
both groups, resulting in an improvement in skin aging. The skin elasticity statistically
improved after 12 weeks in Group A (score reduction −25%, p < 0.01) and both after 6 and
12 weeks in Group B (score reduction −21%, p < 0.05, and −32%, p < 0.01, respectively).
The roughness (p < 0.001) and pigmentation (p < 0.05) statistically improved in both groups
after 12 weeks. A statistical improvement in skin pores was observed only in Group B after
12 weeks (p < 0.05).

The In&out strategy allowed us to obtain a better global efficacy for all the parameters
considered (Figure 4). In particular, a statistically better firing and volume effect (p < 0.05)
was observed in Group B.

A VISIA® face sculptor analysis was performed in a subgroup of 20 subjects. Figure 5
reports the VISIA® analysis of a subject in Group B.
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Figure 2. Flow diagram of the study. In total, 60 subjects were enrolled and randomized for treatment
order (Group A = topical retinoic acid gel; Group B = oral Vitamin A + topical retinoic acid gel).
During the study, no participants dropped out.

Table 1. Evaluation of elasticity, wrinkle, roughness, pigmentation, erythema, and skin pore pa-
rameters and Skin Aging Global Score (SAGS) in Group A (topical retinoic acid gel) and Group
B (oral Vitamin A+ topical retinoic acid gel). Negative numbers reflect a clinical improvement in
the parameters.

Group A
Mean ± SD

(% Variation)

Group B
Mean ± SD

(% Variation)

V0—
Baseline

V1—
6 Weeks

V2—
12 Weeks

V0—
Baseline

V1—
6 Weeks

V2—
12 Weeks

Elasticity 2.4 ± 0.8 2.0 ± 0.6
(−16%)

1.8 ± 0.6 **
(−25%) 2.7 ± 0.9 2.2 ± 0.7 *

(−21%)
1.9 ± 0.7 **

(−32%)

Wrinkle 2.4 ± 0.9 2.2 ± 0.9
(−7%)

2.1 ± 0.9
(−14%) 2.8 ± 0.8 2.7 ± 0.7

(−5%)
2.4 ± 0.7
(−13%)

Roughness 2.3 ± 0.8 1.8 ± 0.6
(−20%)

1.5 ± 0.8 ***
(−33%) 2.4 ± 0.9 1.8 ± 0.9

(−23%)
1.5 ± 0.8 ***

(−37%)

Pigmentation 2.5 ± 1.0 2.2 ± 1.0
(−11%)

1.8 ± 0.9 *
(−26%) 2.6 ± 1.0 2.2 ± 0.8

(−16%)
1.8 ± 1.0 *

(−29%)

Erythema 1.5 ± 1.1 1.5 ± 1.0
(−2%)

1.4 ± 0.9
(−7%) 1.5 ± 0.9 1.5 ± 1.0

(+2%)
1.2 ± 0.9
(−18%)

Skin pores 1.7 ± 0.9 1.4 ± 1.0
(−16%)

1.3 ± 1.0
(−22%) 1.8 ± 0.9 1.5 ± 1.0

(−18%)
1.2 ± 0.9 *

(−36%)

SAGS 12.8 ± 4.0 11.2 ± 4.0
(−13%)

10.0 ± 4.0 *
(−22%) 13.8 ± 4.6 11.9 ± 4.2

(−14%)
10.0 ± 3.9 **

(−27%)
Statistical analyses comparing results with baseline data, * p < 0.05, ** p < 0.01; *** p < 0.001.
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Both treatment regimens were well tolerated. The tolerability of the topical treatment
containing retinoic acid (0.02%) and glycolic acid (4%) was judged to be excellent by 90% of
subjects in Group A and 93.3% of subjects in Group B. The tolerability of the oral treatment
was considered excellent by 96.7% of participants in Group B.

4. Discussion

The present study suggested that a Vitamin A oral supplementation provided an
additional effect in improving skin appearance in subjects with mild to moderate skin aging
treated with a retinol-based topical product, supporting the value of this “In&Out” strategy.
The combination of oral and topical treatments determined an absolute reduction in SAGS
(Skin Aging Global Score) significantly greater (p < 0.01) in comparison with the group that
used only the topical approach (absolute difference between Group A and Group B—0.97,
95% CI: from 0.33 to 1.61). In addition, both treatment regimens were well tolerated. No
statistical differences were observed between V0 (baseline) and V2 (12 weeks) for all the
parameters considered with VISIA® analysis. This could be due to the relatively short
treatment period considered and the limited subjects evaluated (20 subjects compared to
60 participants enrolled in the study). However, a positive trend was observed in Group
B (oral Vitamin A+ topical retinoic acid gel) for different parameters (spots, pores, and
red areas).

Skin aging is determined by well-known cellular pathways. Oxidative stress, induced
by reactive oxygen species (ROS), is one of the main mechanisms involved in skin aging,
leading to lipid, protein, and DNA damage [9]. Autophagy is an intracellular stress re-
sponse enhanced when cellular components are damaged. Therefore, this mechanism could
play a crucial role in counteracting skin aging [17]. Retinoids, including retinol, represent
reference anti-aging substances and are widely used in topical products. In recent years, the
connection between nutrition and skin condition has been underlined. The diet is closely
related to aging, and nutrients, such as vitamins, can directly affect the skin [11]. Retinol,
or Vitamin A, is a fat-soluble vitamin essential for vision, but also for healthy skin and
mucous membrane surface, reproduction, and the integrity of the immune system [29].
Retinol is able to regulate the growth, differentiation, and maintenance of epithelial tis-
sues [26]; inhibit the UV-induced, MMP-mediated breakdown of collagen; and protect
against UV-induced decreases in procollagen expression [13,30,31]. In addition, recent stud-
ies underlined that retinoic acid is also able to promote autophagosome maturation [19].
On the other hand, Vitamin E represents the physiological antioxidant of lipid structures,
contributing to stabilizing the cell membranes and acting also at the sebum level [32]. The
role of Vitamin A supplementation as a chemopreventive agent was previously observed.
In a large Phase III trial, the oral administration of retinol (25,000 IU/day for up to 5 years)
in 2297 randomized participants with evidence of moderate to severe actinic keratosis, was
associated with a 32% reduction in the risk of squamous cell carcinoma [33,34]. Another
trial evaluated the safety and efficacy of retinyl palmitate supplementation (doses range
of 25,000–75,000 IU/day for 1 year) in the treatment of patients with sun-damaged skin.
The study underlined that the doses of 50,000 and 75,000 IU/day were more efficacious,
showing a similar safety profile of the low dose considered (25,000 IU/day) [35]. Despite
the possible role of nutrients in modulating some skin conditions, the consensus is lacking
on the use of oral supplements and systemic treatments for skin aging and photo aging.
To date, numerous clinical trials evaluated the role of oral hydrolyzed collagen and oral
hyaluronic acid on skin aging. Evidence on other nutritional supplementation (such as
vitamins, flavonoids, and plant extracts) is lacking [36].

The supplementation of antioxidants and oral retinoids might be a protective strategy
to counteract the skin-aging process associated with skin oxidative damage and reduce
autophagy activity. Until now, no clinical data are available on the anti-aging effect of oral
treatment with retinol or retinal derivatives. For this reason, this prospective, randomized,
controlled, 3-month, assessor-blinded, trial was conducted. Our data underlined the
potential role of nutritional supplementation in skin-aging prevention.
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Some limitations should be considered in evaluating our study results. The main
limitation was that this study is an open trial, however, to increase the internal validity of
our results, we adopted an assessor-blinded evaluation of the primary outcome. Another
limitation is the lack of an oral placebo in Group A. It is well known that placebo is able to
increase the internal validity of a study. However, considering the complexity of designing
a well-conducted placebo control trial, studies with cosmetics generally do not adopt this
strategy. Vitamin A and E levels were not considered before starting the study, and this
could represent a selection bias. However, hypovitaminosis A and E is a rare condition in
industrialized countries; the randomization procedure is a useful tool to reduce the risk of
this kind of bias.

5. Conclusions

This study underlined the potential role of nutritional supplementation in improving
skin health. The results of the present trial confirmed that the combination of an “In &
Out” strategy of oral retinol supplementation and topical retinoic acid gel shows superior
efficacy in terms of clinical improvement in comparison with topical retinoic acid treatment
alone in subjects with moderate/severe skin aging.
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