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Abstract: Our study aimed to develop a comprehensive approach to the management of patients
with involutional skin changes, considering the predictors of premature skin aging. The study
included two stages, whereby 78 women with no history of aesthetic procedures that could have
affected their perceived age were examined. In the first stage, we examined factors associated with
premature skin aging. In the second stage, a blind, comparative placebo-controlled study of the
effectiveness of intradermal injections for the treatment of involutional skin changes was conducted.
Parameters reflecting skin aging were identified. The sum of these parameters could be used to
diagnose premature skin aging in patients with no history of aesthetic treatment. For other patients,
we developed indicators that can be applied to determine whether there is a risk of premature skin
aging. Patients with premature aging have an increased risk of adverse events, such as impaired
regeneration and wound healing, postprocedural hematomas, etc. For the correction of involutional
skin changes in patients with premature aging, the collagen product (Collost) had the greatest clinical
efficiency and the greatest patient satisfaction. A complex product based on HA (Teosyal Redensity
1) had comparable efficiency, with slightly less patient satisfaction. The product based on native HA
(Hyon 1.8%) had low efficiency in the group of patients with premature aging and high efficiency in
the group of patients with normal aging.

Keywords: premature skin aging; collagen; biorevitalization; aesthetic treatment; collagenogenesis;
genetic predisposition; biomarker

1. Introduction

It is well known that aging is a genetically programmed process that begins with the
birth of an individual. The aging of organs is characterized by morphological changes
and loss of functions. Aging skin, along with the loss of its anatomical and physiological
functions, loses its “social function” responsible for interpersonal communication. Skin
condition can affect a person’s self-perception and emotions, and they are also a visible
indicator of age and health. The search for factors affecting aging and strategies to combat
aging are one of the most popular research topics [1–3]. This is primarily due to the increase
in the life expectancy of the world’s population and people’s desire to maintain their activity,
including social activity, for as long as possible. In the etiology of aging, endogenous and
exogenous factors are distinguished. Various studies have shown the contribution of
these factors to the development of physiological (normal) and premature aging. Among
exogenous factors, the role of UV radiation in the appearance of premature aging is the
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most widely discussed. Among endogenous factors, candidate genes that contribute
to the acceleration of aging or contribute to the long-term maintenance of functional
activity in centenarians are currently being actively searched for [4–8]. Nevertheless, the
contribution of other endogenous and exogenous factors is also important. Thus, along
with other factors of aging, the influence of various diseases, stress, lack of physical activity,
excessive consumption of carbohydrates, chronic inflammation and nutrient and vitamin
deficiency on skin aging is actively discussed [9–15]. On the other hand, currently, there
are commercial genetic tests available that can, based on the presence of one SNP (single
nucleotide polymorphism) in genes, make a conclusion regarding the full character of aging.
These data require confirmation or refutation. In addition, the brain–inflammation–skin
aging connection is known. Such a connection also requires further study from the aspect
of genetic polymorphisms in the corresponding genes [16].

Moreover, it is known that various collagenopathies can manifest in early skin aging.
In this case, it is worth singling out hereditary collagenopathies—monogenic syndromes
that are quite rare. However, there are patients who have separate syndromes inherent in
patients with hereditary collagenopathies, but do not fit into the disease. This condition
can be attributed to multifactorial disorders of the functioning of connective tissue. Some
researchers describe such patients as patients with mutations of one or another gene
responsible for collagen formation, whereas other researchers describe them as suffering
from Marfanoid Habitus, an isolated hypermobile syndrome. Nevertheless, such conditions
affect the usefulness of collagen molecules, which are the main structural component of
the skin.

Understanding the etiological and pathogenetic mechanisms is important for deter-
mining a personalized approach to the management of a patient with involutional skin
changes. Such a personalized approach includes a prediction regarding the speed and
features of skin aging, as well as the risks of possible adverse events in aesthetic medicine.
Another part of the approach is the patient’s willingness to participate: the patient, knowing
the peculiarities of their aging, also becomes an active participant in aesthetic treatment,
following the recommendations at home. The third part of the personalized approach is
the targeted selection of techniques and products for the treatment of involutional skin
changes. There are many approaches and products for the management of patients with
involutional skin changes [17–22]. However, the issues of their differentiated and suc-
cessive appointment remain not fully understood, which makes further research in this
direction promising.

The concept of premature aging is currently defined only in relation to biological age
or repeatedly accelerated aging in progeria [23,24]. When determining involutional skin
changes, the term “premature aging” is most often used in relation to photoaging.

Various studies have also described the influence of a variety of exogenous and en-
dogenous factors on aging [4–14]. However, the patient always has a set of such etiological
and concomitant factors. Thus, it is important to understand the level, i.e., the “critical
mass” of such predictors in the development of premature aging. Then, such factors can
be used as indicators of premature aging, especially in the case when this patient already
has a history of aesthetic treatment that decreases the possibility of determining premature
skin aging by skin aging criteria

Nowadays, there are many surgical and non-surgical methods for the treatment
of involutional skin changes. Many techniques and products have also been proposed
for non-surgical correction of skin aging: fillers, botulinum toxin type A, physiotherapy
techniques, mesotherapy, biorevitalization and many others [1,17–22]. At the same time,
it is necessary to understand that not all methods pathogenetically act on morphological
and functional involutional changes of the dermis. For example, botulinum toxin type
A only blocks muscle activity, and fillers only make up for lost volume. Among the
pathogenetically justified methods of correction of involutional changes of the dermis,
the effect of biorevitalization has been described as the best and used for a long time.
Biorevitalization products can create “conditions for fibroblasts to work”: they can enhance



Cosmetics 2023, 10, 49 3 of 23

signaling to stimulate the synthetic and proliferative activity of fibroblasts, deliver the
necessary nutrients to the place of their use and change the phenotype of fibroblasts [25–28].
Despite the different pathogenetic mechanisms of action of biorevitalization, they have the
same indications: the correction of involutional skin changes. Thus, at present, the issues
of diagnosis and management of patients with premature skin aging remain insufficiently
developed, and the existing protocols for the aesthetic treatment of patients do not imply a
comprehensive and personalized approach to such patients.

The aim of our study was to develop a comprehensive approach to the management of
patients with involutional skin changes, considering the predictors of premature skin aging.
To achieve this goal, we compared the severity of age-related skin changes in different
patients. Patients with the greatest age-related changes were identified. The perceived
age of these patients was clarified, thus we determined the patients with premature aging.
Then, we assessed the prevalence of the abovementioned exogenous and endogenous
factors in patients with normal and premature aging. The prevalence of adverse events of
aesthetic medicine in patients was assessed. Finally, products with different mechanisms of
action were used for the correction of age-related skin changes. Thus, the most effective
approach was found.

2. Materials and Methods
2.1. Study Subjects and Sampling

The research was conducted at the Shared Core Facilities of Molecular and Cell
Technologies (V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, Russia). The
study included 2 stages (Figure 1). In the first stage, we examined factors associated with
premature skin aging. In the second stage, a blind, comparative placebo-controlled study
of the effectiveness of intradermal injections for the treatment of involutional skin changes
was conducted.
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Figure 1. The study designs: stages, study sampling, methods.

In the first stage of the study, 78 women were examined who did not have a history
of aesthetic procedures that could have affected their perceived age. The age was from
35 to 45 years; the mean age was 39.4 ± 3.14 years (median: 40 years old).
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Criteria for inclusion:

1. Women;
2. Age of 35–45 years;
3. I-III skin phototypes (by the Fizpatrick’s Scale);
4. Absence of exclusion criteria;
5. Signing of informed consent to participate in the study and photo documentation.

Criteria for exclusion from the study:

1. Men;
2. Age younger than 35 and older than 45 years;
3. IV–VI skin phototypes (by the Fizpatrick’s Scale);
4. Pronounced photo-aging of the face;
5. Carrying out a history of filler correction of wrinkles, folds and facial volumes (except

lip volume correction), thread lifting and facial plastic surgery;
6. Carrying out cosmetic procedures in the previous year or other cosmetic procedures

during the study;
7. Participation in other studies;
8. Nutritional deficiencies (protein starvation, vegetarianism and others);
9. Pregnancy, lactation;
10. Menopause;
11. Sudden weight loss (more than 5 kg) in the previous year;
12. Isotretinoin intake during the previous 6 months;
13. Tendency to form keloid scars;
14. Blood clotting disorders;
15. Oncological diseases, diabetes mellitus and thyroid diseases in the decompensation stage;
16. Acute infectious, somatic diseases and neuropsychiatric disorders, HIV, hepatitis B

and C;
17. Chronic diseases in the decompensation stage;
18. Dermatoses (dermatitis of various etiologies, eczema of various etiologies, psoriasis, etc.);
19. Systemic and autoimmune diseases of connective tissue with skin and subcutaneous

tissue damage (systemic lupus erythematosus, ring-shaped granuloma, discoid lupus
erythematosus, scleroderma, dermatomyositis, etc.);

20. Hereditary collagenopathies;
21. Taking glucocorticosteroids, immunosuppressants and other drugs affecting

skin reactivity;
22. Hypersensitivity to the components of the studied medical products;
23. Refusal to participate in this the study or implement the full protocol of this study.

2.2. Data Collection Method
2.2.1. Questionnaires

We developed a questionnaire regarding lifestyle factors, certain diseases, wound
healing features, heredity and aesthetic procedures in the past. The assessment of the
psycho-emotional status of patients was carried out by means of a questionnaire and a
survey. To assess the severity of anxiety and depression, a validated scale was used—the
Hospital Anxiety and Depression Scale (HADS) [29]. To assess their perception, patients
filled out questionnaires according to the methodology of body image research developed
by T.F. Cash [30]: “Questionnaire of situational dissatisfaction with body image” (SIBID)
and “Questionnaire of ideas about appearance” (ASI-R).

To assess the effectiveness of aesthetic treatment in the second part of the study, the
doctor used the GAIS (Global Aesthetic Improvement Scale), and the patient used the
PAIS (Patient Aesthetic Improvement Scale) [31]. Due to the difficulties of patients in some
cases to assess the overall result of treatment, a questionnaire compiled by the authors
was additionally used, aimed at assessing the patient’s changes in skin parameters: color,
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radiance, moisture, softness, skin tone, narrowing of enlarged pores and reducing the
severity of fine wrinkles.

2.2.2. Skin Aging Grade

We used visual examination, with an assessment of the elasticity and extensibility of
the skin, according to physical examination, determination of the phototype of the skin on
the Fitzpatrick’s Scale [32] and determination of the prevailing type of aging of the facial
skin. The assessment of the severity of aging was carried out using validated scales and
questionnaires: modified Fitzpatrick’s Scale of wrinkles, photographic scales for visual
assessment of aging, Merz Aesthetics Scale and G. Lemperle [33], which also assessed the
tone, turgor, elasticity and extensibility of the skin, changes in the periorbital region. The
results were entered in the summary table in points.

To assess the perceived age (the age attributed to another person when assessing
their appearance), a group of 21 respondents (10 men and 11 women, aged 28 to 59 years)
was created. All respondents were offered photographs of patients taken under the same
conditions; the average result of the respondents’ assessment was recorded in the final
assessment of the perceived age and compared with the calendar age of the patients.

The presence of individual symptoms of patients with connective tissue dysplasia was
also assessed.

According to the results, two study groups were formed: the first, main group—women
aged 35–45 years, average age of 38.9 ± 3.13 years (median 39.5 years), with premature
skin aging; and the second comparison group—women aged 35–45 years, average age of
40.5 ± 2.92 years (median 40 years), with normal skin aging.

2.2.3. Morphological Features of the Skin

We used ultrasound sonography of the skin and histological examination of skin
biopsies to assess the morphological features of the patients’ skin and their changes during
aesthetic treatment. Ultrasound sonography was performed using an ultrasound scanner
Mindray DC-70. Skin thickness was measured at 6 standard points of the face: in the
projection of the middle of the zygomatic arch on the right and left, in the projection of the
middle of the lower jaw body behind the puppet wrinkle line on the right and left, in the
submental area under the lower jaw line, in parallel with the second points on the right
and left.

Histological examination was performed on biopsy material (a skin area with a di-
ameter of 5 mm, taken behind the auricle in the fold in front of the mastoid process).
Histological sections of 5–7 micron thickness were stained for survey light microscopy with
hematoxylin and eosin, for evaluation of the fibrous component of the connective tissue of
the dermis using Van Gieson and Mallory methods; for polarization microscopy, for the
differentiation of type I (mature collagen) and type III (immature collagen) collagen fibers,
Sirius Red staining was applied. The amount of each type of collagen was determined by
analyzing the color area distribution after Sirius Red coloring in polarizing light. Collagen
fibers containing type I collagen had a red glow, while those containing type III collagen
had a green glow.

2.3. Blood Samples

Blood samples from participants were taken by venipuncture in the morning, on an
empty stomach. For this purpose, blood samples were taken from the cubital vein in a
volume of 5 mL into a vacuum container with a coagulation activator (for biochemical
research), with further centrifugation and serum production; in a volume of 9 mL into
vacuum containers with EDTA (for molecular genetic research). The biochemical analysis
determined the level of total protein in blood serum, the level of serum vitamin D (25-OH)
and the level of serum free hydroxyproline.

In a genetic study, the association of premature skin aging with six SNPs was studied:
rs1800012 and rs1107946, the COL1A1 gene responsible for the structure of the type I
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collagen α1 chain; rs18079, the IL6 gene responsible for IL6 synthesis; rs1800629, the TNFA
gene responsible for TNFα synthesis; rs6313 and rs7997012, the HTR2A gene responsible
for serotonin 2A receptors.

2.4. Blind Comparative Placebo-Controlled Study of the Effectiveness of Intradermal Injections

In the second stage of the study, patients passed a clinical open placebo-controlled
study of the effectiveness of intradermal injections of native HA, a complex product with
HA and collagen in patients with premature (main group) and normal (comparison group)
skin aging. Intradermal injections of the fascial skin were carried out at intervals of
14–21 ± 2 days (according to the instruction of the preparations). The effectiveness of the
procedures was monitored 30 ± 2.0 days after the third procedure of intradermal injection.

The patients were treated with products that have aesthetic indications for the correc-
tion of age-related skin changes, such as fading skin, a decrease in skin tone and turgor
(except the placebo—saline solution). The patients of the main group were additionally
randomly divided into 4 subgroups (depending on the treatment). Subgroup 1A is a saline
solution (as a placebo); subgroup 1B is a product based on native HA, with a concentration
of 1.8%—Hyon 1.8% (Infarm, Novosibirsk, Russia); subgroup 1C is a complex product
based on HA 1.5%, amino acids, vitamins, antioxidants and minerals—Teosyal Reden-
sity 1 (Teoxane, Geneva, Switzerland); and subgroup 1D is a product based on collagen
7%—Collost 7% (BioPHARMAHOLDING, Russia).

The patients of the comparison group were additionally randomly divided into
2 subgroups (depending on the treatment). Subgroup 2A is a saline solution (as a placebo)
and subgroup 2B is a product based on native HA, with a concentration of 1.8%—Hyon
1.8%. Patients could be reincluded in the study with another drug 12 months after the
last procedure with the product (6 months for the placebo). The distribution of patients
by subgroups and the average age of patients in the subgroups is shown in Table 1. For
the objectivity of evaluating the effectiveness and informativeness of the methods, the
distribution by age and gender was uniform in all groups and the groups were comparable
in all parameters.

Table 1. Distribution of patients into groups and subgroups, depending on the aesthetic treatment.

Subgroup
(Aesthetic Treatment)

Group 1
(Main Group:

Patients with Premature Aging)

Group 2
(Comparison Group:

Patients with Normal Aging)

Subgroup A (Placebo) N = 20, Mean age 38.4 ± 2.96 1 N = 20, Mean age 39.9 ± 3.03 1

Subgroup B (Native HA) N = 21, Mean age 39.8 ± 2.58 1 N = 25, Mean age 40.5 ± 2.96 1

Subgroup C (Complex HA) N = 20, Mean age 38.7 ± 3.29 1

Subgroup D (Collagen) N = 21, Mean age 39.3 ± 3.51 1

Note: 1 comparison between groups p > 0.05; HA—hyalulonic acid.

2.5. Ethical Consideration

The research described herein was performed in accordance with the Declaration of
Helsinki. The study was approved by the Local Ethics Committee of the Pirogov Russian
National Research Medical University No. 206, dated 22 March 2021. Written informed
consent was obtained from each participant.

2.6. Statistical Methods

To analyze and process the results, a database was created in the MS Excel program
(Version 16.55). Statistical processing was carried out using the application software
packages SPSS Statistics (Version 22.0), Jamovi (Version 2.3). Standard statistical methods
were used for medical research: mean value, standard deviation, median, 95% confidence
interval (95% CI), interquartile range (Q25; Q75), frequency and proportion, correlation
analysis, reliability of differences (Student’s criterion, Mann–Whitney criterion, Wilcoxon
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criterion, Pearson’s criterion χ2 and Fisher’s exact criterion), variance analysis (Kruskal–
Wallis criterion) and post hoc analysis (Tukey criterion).

To assess the association between the degree of aging and potential risk factors, the
odds ratio and 95% CI were calculated.

All the results of the clinical part were compared with the control; the data obtained af-
ter placebo injection and control measurements of ultrasound sonography in the submental
area were used as controls.

3. Results
3.1. Patients with Premature Aging
3.1.1. Index of Involution Changes of the Skin to Determine Premature Aging of the Skin

To assess the severity and prematurity of age-related changes in the facial skin of
patients, the index of involution skin changes was calculated. To do this, the severity of
different age-related facial features was first assessed in two groups: main group—patients
with more pronounced age-related changes, and comparison group—patients with less
pronounced age-related changes (Table 2).

Table 2. Severity of age-related facial features; scores (M ± SD).

Features Main Group 1 Comparison Group 2 p-Value
(Mann–Whitney Test)

Skin tone 2.08 ± 0.555 0.231 ± 0.652 <0.001
Skin elasticity 1.62 ± 0.796 0.154 ± 0.543 <0.001

Rotational compression test 2.08 ± 0.882 0.462 ± 0.859 <0.001
Skin pores 3.00 ± 1.22 1.69 ± 1.46 <0.001

Forehead wrinkles, static 1.81 ± 0.908 1.27 ± 0.827 0.016
Wrinkles between the eyebrows, static 1.40 ± 0.721 1.08 ± 0.484 0.018

“Crow’s feet”, static 1.83 ± 0.678 1.23 ± 0.514 <0.001
Eyebrow position 1.46 ± 0.670 0.577 ± 0.578 <0.001

Overhanging of the upper eyelid 2.06 ± 0.461 0.923 ± 0.744 <0.001
Lower eyelid bags 2.08 ± 0.518 1.31 ± 0.736 <0.001

Tear though 2.48 ± 0.610 1.35 ± 0.629 <0.001
Palpebromalar groove 1.25 ± 0.556 0.192 ± 0.402 <0.001

Nasal jugal groove 2.02 ± 0.671 0.885 ± 0.326 <0.001
Nasolabial folds 2.90 ± 0.721 2.15 ± 0.613 <0.001

Puppet lines 1.52 ± 0.754 1.04 ± 0.662 <0.001
Lip-chin crease 1.58 ± 0.997 1.00 ± 0.748 0.020
Accordion lines 1.00 ± 0.970 0.0769 ± 0.392 <0.001

Wrinkles in front of the ears 1.00 ± 0.816 0.231 ± 0.531 <0.001
Jaw line 1.42 ± 0.848 0.962 ± 0.720 <0.01

Barcode lines 0.250 ± 0.437 0.154 ± 0.368 0.339
Changing the volume of the lips 0.423 ± 0.499 0.115 ± 0.326 0.007

Changing the white lip roller 0.212 ± 0.412 0.0769 ± 0.272 0.137
Wrinkles of the lower lip 0 0

Lowering the corner of the lips 1.60 ± 0.774 0.885 ± 0.864 <0.001
Age-related changes in the neck 1.65 ± 0.653 1.04 ± 0.344 <0.001

Age-related changes in the hands 0.981 ± 0.420 0.885 ± 0.588 0.387

Note: 1 main group—patients with more pronounced age-related changes. 2 comparison group—patients with
less pronounced age-related changes.

Then, the parameters were grouped into three categories:

• Facial hyper-functional wrinkles (forehead and brow wrinkles, “crow’s feet”, lip-
chin fold);

• Perioral area change (upper and lower lip wrinkles, lip volume, lip contour change
(white roller));
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• Age-related parameters associated with changes in the viscoelastic properties of the
skin and ligamentous apparatus (other signs that are not included in the first two
categories, except for age-related changes in the hands).

For each category of parameters, the sum of scores was calculated. The average sum
of feature scores by category was analyzed in the main group and in the comparison group,
with an additional division into subgroups of 35–40 years and 41–45 years. Based on the
degree of correlation and reliability of the differences in scores by category, the sum of
scores for the third category (age-related signs associated with changes in the viscoelastic
properties of the skin and ligamentous apparatus) was selected as an index of involutional
changes (Figure 2).
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Thus, in patients of the main group of 35–45 years, the index of involution changes
was from 22 to 39 points, and in patients of the comparison group of 35–45 years, it was
from 9 to 21 points (p-value < 0.001).

When determining the perceived age, it was found that patients of the main group
were more often perceived to be 4.2 years older (Me), and the age difference was from (+)
0.5 years to (+) 9.81 years. Hence, this group of patients showed premature aging. Patients
of the comparison group were more often perceived to be 1.3 years younger (Me), and
the age difference was from (−) 9.71 years to (+) 3.67 years. Hence, this group of patients
showed normal (physiological) aging. The difference also depended on the presence of
excess body weight.

The index of involution changes can be used to determine the premature aging of the
skin of female patients, 35–45 years old, who have not had aesthetic treatment that affects
the severity of age-related changes. For the rest of the patients, we found indicators of
premature aging, by which it is possible to determine the risk of premature aging (below).

3.1.2. Adverse Events in Patients with Premature Skin Aging

In order to assess the prevalence of possible adverse events after aesthetic treatment,
anamnestic data, examination data and dynamic observation after skin biopsy were collected.

Patients of the main group more often complained of a tendency to petechiae (for no
apparent reason) (35; 67.3%), a decrease in regeneration—prolonged wound healing (20;
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38.5%), the presence of hypertrophic or wide scars (10; 19.2%) (Table 3). We have already
described a clinical case of a wound healing disorder for such patient [34].

Table 3. Adverse events in patients of the main group and the comparison group.

Adverse Event Main Group
(n = 52)

Comparison Group
(n = 26)

p-Value
(Pearson’s Criterion χ2)

A tendency to petechiae 35; 67.3% 2; 7.7% <0.001
A decrease in regeneration 20; 38.5% 4; 15.4% 0.037

The presence of hypertrophic or wide scars 10; 19.2% 0 0.017

In the main group, there were 30 patients who had a history of aesthetic treatment:
mesotherapy, biorevitalization, botulinum therapy, physiotherapy procedures and/or lip
augmentation. In the comparison group there were 15 such patients. Among the patients of
the main group there were seven patients (23.33%) who had adverse events after aesthetic
procedures (thinning of the skin after resurfacing, prolonged swelling after botulinum
therapy, gel contouring after lip augmentation, autoimmune reaction to plasmolifting). In
the comparison group there was no adverse event.

Dynamic follow-up after biopsy (periauricular region) included only patients who did
not have a scarring disorder according to anamnesis. Scarring was monitored for 6 months
after the biopsy, and three variants of scars were noted: normotrophic, thin healed (white)
scar; wide healed (white) scar; scar in the healing stage (red and thick).

In patients of the main group, scarring disorder was statistically significantly more
common: a wide scar or a scar in the healing stage was exhibited by 85.7% patients of the
main group (Figure 3).
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Figure 3. The wound healing after biopsy in the main group and the comparison group in 6 months,
where 1 is a normotrophic, thin healed (white) scar; 2 is a wide healed (white) scar; 3 is a scar in the
healing stage (red) (Pearson’s criterion χ2 is 7.53, p-value = 0.023, Fisher’s exact test p-value = 0.023).

3.1.3. Risk of Premature Aging

To apply the index of involutional changes to identify patients with premature aging,
we set rather narrow criteria: women 35–45 years old who do not have a history of aesthetic
treatment that can affect involutional skin changes. However, there are risks of adverse
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event in patients who do not “pass this filter”. Therefore, for the rest, we developed a
prediction method of the risks of premature skin aging. In order to find indicators of the
risk of premature aging, different factors were assessed. These factors included various
lifestyle factors, somatic pathology and data from physical and laboratory examination of
patients in the group of patients with normal and premature skin.

In general, in the group of patients with premature aging, a “tired” morphotype
of aging was more common: sagging skin, with a deep tear though, nasolabial folds.
There were also often patients with pale, thin skin, without a healthy shine. Patients
more often complained of edema, a tendency to petechiae, impaired wound healing and
skin regeneration. Additionally, patients of the main group were more likely to have
individual phenotypic manifestations of connective tissue dysplasia: joint hypermobility,
arachnodactyly, weight loss and hyperextension of the skin (Table 4). It is also necessary to
note the presence of hereditary predisposition (early aging in close relatives), concomitant
somatic pathology (varicose veins, tendency to catch colds, prolapse of organs and/or
herniated discs).

Table 4. The prevalence of indicators and odds ratio of the chances of premature aging, depending
on the presence of indicators in the main group and the comparison group.

Indicators Main Group
(n = 52)

Comparison Group
(n = 26) OR 95% CI p-Value

Tired morphotype of aging 39; 75.01% 8; 30.77% 6.750 2.379–19.153 <0.001
Hereditary predisposition 3; 5.8% 0 – – 0.212

Prone to colds (more than four times a year) 10; 19.23% 0 – – 0.013
Varicose veins 17; 32.69% 3; 11.54 5.829 1.231–27.586 0.037

Prolapse of organs/spinal hernias 14; 26.9% 2;7.7% 4.421 0.922–21.193 0.047
Joint hypermobility 26; 50% 2; 7.69% 12.000 2.569–56.062 <0.001

Arachnodactyly 20; 38% 0 – – <0.001
The Varge index is less than 1.7 * 25; 48.1% 1; 3.8% 23.148 2.917–183.725 <0.001

Pale skin, grayish complexion 44; 84.61% 5; 19.23% 23.100 6.736–79.219 <0.001
Swelling of the face 27; 51.9% 6; 23.1% 3.600 1.244–10.414 0.015

The presence of telangiectasia 33; 63.46% 5; 19.23% 7.295 2.364–22.512 <0.001
Thin skin, body skin with pronounced venous 37; 71.15% 3; 11.54% 18.911 4.930–72.543 <0.001

Hyperextension of the skin (>2 cm) 40; 76.92% 1; 3.85% 83.333 10.201–680.747 <0.001
Tendency to bruising 35; 67.3% 2; 7.7% 24.706 5.220–116.931 <0.001
Reduced regeneration 20; 38.5% 4; 15.4% 3.438 1.032–11.447 0.037

Scarring disorder 10; 19.2% 0 – – 0.017

Note: * Varge index = (body weight, kg/height2, m) − (age, years/100); OR—odds ratio; CI—confidential interval.

All predictors were entered in the summary table, the presence of each predictor was
estimated at 1 point. In the main group, the total score was from 3 to 14, the average score
was 8.58 ± 2.87 (Q1 = 7.0; Q3 = 11.0). In the comparison group, the total score was from
0 to 4, the average score was 1.85 ± 1.22 (Q1 = 1.0; Q3 = 3.0) (p < 0.001). Based on the results
obtained, the following risk groups of premature aging can be distinguished (according to
predictor scores):

0–2 points—low risk of premature skin aging;
3–6 points—average risk of premature skin aging;
7 and above points—high risk of premature skin aging.

3.1.4. Histological Analysis of Skin Biopsies of Patients with Premature Aging

Microscopy of skin sections of patients with normal aging visualizes the preservation
of its architectonic structure. In the basal layer of the epidermis, epithelial cells are prismatic
in shape with well-defined boundaries, their nuclei are visualized in the basal part. Some
cells are in the stage of mitotic division. The cells of the spinous layer are large in size, the
shape of the nuclei is close to spherical, arranged in several rows. The cells of the granular
layer have a flattened shape, and dark strong granules of keratogyalin are visualized in
their cytoplasm (Figure 4a,b).
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The dermis is formed by papillary and reticular layers. The border between the epider-
mis and the dermis is smoothed, the epidermal papillae are short and wide. The papillary
layer of the dermis is formed by loose fibrous connective tissue, the fibrous component
of which is formed by fibers arranged randomly and disordered, without a tendency to
form bundles. Connective tissue fibers are thin, and the degree of their heterogeneity is
poorly expressed. The cellular component is heterogeneous in its composition. The border
between the papillary and reticular layers is moderately pronounced; there is a smooth
transition of one type of connective tissue to another (Figure 4c,d). The reticular layer is
formed by dense irregular connective tissue. Bundles of collagen fibers oriented in different
directions are visualized in its thickness. The fibrous component prevails over the cellular
one (the structured substance of the dermis of the skin). Inter-fiber spaces (unstructured
matter) are visualized between bundles of connective tissue fibers (Figure 4d,e).

Histological examination of skin sections of patients with premature aging revealed a
decrease in the thickness of the epidermis, mainly due to a decrease in the number of rows
of cells of the spinous layer. The rate of keratinization of the epidermis is increased, the
morphological manifestation is an increase in the thickness of the stratum corneum and
its detachment from the underlying layers of the epidermis. The granular layer is weakly
expressed. The undulation of the border between the papillary dermis and the epidermis is
enhanced. The folding of the skin is more pronounced, the morphological manifestation
of which is an increase in the height of the epidermal papillae, which look narrow and
long on slices. In the papillary layer of the dermis, the fibers are thinner, the degree of
their heterogeneity is pronounced, there is a decrease in the inter-fiber gaps, leading to a
decrease in the thickness or its area of the papillary layer. The cell density is slightly higher
than in the group of patients with normal skin aging. The border between the papillary
and reticular layers of the dermis of the skin is more contrastingly pronounced (Figure 5).

In the reticular layer, the bundles of collagen fibers are coarse and deformed, and their
heterogeneity is pronounced. The area of inter-fiber gaps has been reduced.
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Figure 5. Micrography of the skin section in the main group is an intact skin area of patients with
premature skin aging: (a–c) stained with hematoxylin and eosin, (d,e) stained according to the Van
Gieson method. ×100 (a,b,d), ×200 (c,e).

3.2. Results of the Blind, Comparative Placebo-Controlled Study of the Effectiveness of Intradermal
Injections for the Treatment of Involutional Skin Changes
3.2.1. Comparative Evaluation of the Clinical Efficacy of Biorevitalization in a Group of
Patients with Premature and Normal Facial Aging

We submitted the PAIS (Patient’s Aesthetic Improvement Scale) at the end of treatment
to all patients. They were also studied with the GAIS (Global Aesthetic Improvement Scale)
by the physician. The results of the assessment were graded in points (from (−1) to 3)
or by grade description (1—worse than before treatment; 2—no change; 3—minimal
improvement; 4—good improvement; 5—optimal improvement). In addition, the scale
of skin condition changes developed by the author (in points from 0 to 2) were used. As
a control, clinical efficacy indicators were used in the placebo groups (saline solution)
(subgroup 1A and 2A).

According to the sum of points on the PAIS, a statistically significant difference in
satisfaction was noted (Figure 6):

- In subgroup 1C in comparison with subgroup 1A and subgroup 2A (p < 0.001), as well
as with subgroup 1B (p < 0.05);

- In subgroup 1D in comparison with subgroup 1A, subgroup 1B and subgroup 2A
(p < 0.001);
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- In subgroup 2B in comparison with subgroup 1A, subgroup 1B and subgroup 2A
(p < 0.001).
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Figure 6. Comparative clinical efficacy of products in the main group and the comparison group
according to the PAIS (Patient Aesthetic Improvement Scale) (satisfaction according to patients),
where 2—no change; 3—minimal improvement; 4—good improvement; 5—optimal improvement;
1A—patients of the main group after placebo, 1B—patients of the main group after native HA
(hyaluronic acid), 1C—patients of the main group after the complex product of HA (hyaluronic acid),
1D—patients of the main group after collagen, 2A—patients of the comparison group after placebo,
2B—patients of the comparison group after native HA (hyaluronic acid).

There was no statistically significant difference in patient satisfaction on the PAIS
between subgroups 1C, 1D and 2B (p > 0.05), and there was no statistically significant
difference in patient satisfaction on the GAIS between subgroups 1A, 1B and 2A (p > 0.05).
However, a higher satisfaction score was noted in subgroups 1D and 2B. Such an analysis
shows a high satisfaction with the patients of the comparison group after the use of native
HA, while in the main group, the use of native HA gives a low satisfaction score. The
highest satisfaction was shown using collagen in the main group as an aesthetic treatment
of involutional changes. The use of a complex product based on HA gave a lower degree
of satisfaction (but there was no statistically significant difference with the 1D subgroup
(p = 0.544)). We obtained a similar result on the GAIS.

According to most parameters of the skin condition, the highest scores were also in
subgroup 1C (patients of the main group after the complex product of HA), 1D (patients
of the main group after collagen) and subgroup 2B (patients of the comparison group
after native HA) (Table 5). Only in terms of skin hydration and softness after a course
of procedures in subgroup 1B (patients of the main group after native HA) was patient
satisfaction higher than after the placebo, but still less than those in the previous three
groups. In general, it can be said that the improvement in color, radiance and skin tone
were higher in the group of patients with premature aging after collagen and in the group
of patients with normal aging after native HA than in the group of patients with premature
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aging after a complex HA product (without a statistically significant difference). An increase
in hydration and softness and a decrease in the severity of fine wrinkles was reported in
the group of patients with premature aging after a complex HA product and in the group
of patients with normal aging after native HA compared to the group of patients with
premature aging after collagen (without a statistically significant difference).

Table 5. The results of the survey of patients on the scale of changes in the condition of the skin, in
points (M ± SD).

Skin
Condition

Subgroup

1A 1B 1C 1D 2A 2B

Color 0.550 ± 0.510 0.714 ± 0.561 1.25 ± 0.851 * 1.35 ± 0.587 * 0.600 ± 0.598 1.55 ± 0.510 *
Glow 0.150 ± 0.366 0.476 ± 0.366 1.15 ± 0.745 * 1.21 ± 0.787 * 0.150 ± 0.366 1.29 ± 0.464 *

Hydration 0.600 ± 0.598 1.00 ± 0.707 1.55 ± 0.605 * 1.50 ± 0.513 * 0.650 ± 0.489 1.64 ± 0.490 *
Softness 0.700 ± 0.470 1.10 ± 0.625 ** 1.55 ± 0.686 * 1.43 ± 0.676 * 0.650 ± 0.489 1.54 ± 0.509 *

Enlarged pores 0.250 ± 0.550 0.381 ± 0.498 1.19 ± 0.544 * 1.24 ± 0.752 * 0 1.13 ± 0.743 *
Skin tone 0.650 ± 0.587 0.810 ± 0.512 1.25 ± 0.639 * 1.48 ± 0.602 * 0.263 ± 0.452 1.42 ± 0.504 *

Fine wrinkles 0.250 ± 0.444 0.667 ± 0.577 ** 1.32 ± 0.749 * 1.2 ± 0.834 * 0 1.38 ± 0.590 *

Note: * p-value < 0.01; ** p-value < 0.05, comparison with placebo; 1A—patients with premature aging after
placebo; 1B—patients with premature aging after native hyaluronic acid; 1C—patients with premature aging after
the complex product of hyaluronic acid; 1D—patients with premature aging after collagen; 2A—patients with
normal aging after placebo; 2B—patients with normal aging after native hyaluronic acid.

3.2.2. Comparative Results of Ultrasound Sonography after the Use of Biorevitalization in
a Group of Patients with Premature and Normal Facial Aging

In order to evaluate the results of ultrasound sonography, measurements at three
points on each half of the face were made: in the projection of the middle part of the
zygomatic arch, in the area of the middle part of the lower jaw body behind the puppet
wrinkle, in the submental area parallel to the second measurement point.

The results of ultrasound sonography in the placebo groups (subgroup 1A and 2A)
and measurement in the submental area, where injections were not performed, were used
as a control.

A statistically significant increase in skin thickness before and after aesthetic treatment
was noted in the middle and lower third of the face in subgroups 1C, 1D and 2B (Table 6):
in the group of patients with premature aging after a complex product of HA and collagen,
as well as in the group of patients with normal aging after native HA. In subgroups 1A, 1B
and 2A, in the middle and lower third of the face, as well as in the submental area in all
subgroups, there was no statistically significant change in skin thickness before and after
aesthetic treatment. Thus, the ultrasound data of the results of aesthetic treatment in the
group of patients with premature aging after native HA were similar to the data after the
placebo and from the areas where injections were not performed (submental area).

Table 6. Ultrasound sonography results in the main group of patients before and after aesthetic
treatment (M ± SD).

Face Area

Subgroup

1A 1B 1C 1D 2A 2B

Before After Before After Before After Before After Before After Before After

Middle third
of the face

(mm)
1.86 ± 0.224 1.85 ± 0.191 1.96 ± 0.204 2.01 ± 0.225 1.87 ± 0.192 2.70 ± 0.321 * 1.83 ± 0.198 2.55 ± 0.304 * 1.97 ± 0.201 1.97 ± 0.180 1.95 ± 0.206 2.80 ± 0.384 *

Lower third
of the face

(mm)
1.49 ± 0.251 1.49 ± 0.199 1.67 ± 0.237 1.69 ± 0.239 1.54 ± 0.238 2.17 ± 0.258 * 1.50 ± 0.196 2.07 ± 0.224 * 1.60 ± 0.236 1.58 ± 0.277 1.62 ± 0.250 2.20 ± 0.364 *

Submental
area (mm) 1.32 ± 0.168 1.32 ± 0.134 1.45 ± 0.161 1.45 ± 0.184 1.35 ± 0.191 1.33 ± 0.179 1.33 ± 0.159 1.30 ± 0.147 1.39 ± 0.147 1.38 ± 0.130 1.37 ± 0.144 1.36 ± 0.150

Note: * p-value < 0.001, comparison with indicators before treatment; 1A—patients with premature aging after
placebo; 1B—patients with premature aging after native hyaluronic acid; 1C—patients with premature aging after
the complex product of hyaluronic acid; 1D—patients with premature aging after collagen; 2A—patients with
normal aging after placebo; 2B—patients with normal aging after native hyaluronic acid.
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3.2.3. Results of Histological Examination

After injections of saline solution in both observation groups (patients with normal
and premature skin aging), there were no significantly significant differences from the
intact group.

After the treatment of patients with normal aging with native HA, an increase in
the thickness of the papillary layer was observed in the dermis. The border between the
papillary and reticular layers is weakly pronounced; a smooth transition is observed. The
density of cellular elements in the papillary layer is increased. In the reticular layer, the
fiber bundles are large, inter-fiber gaps have a tendency to increase their size (Figure 7a,b).
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stained with hematoxylin and eosin, ×200, (b) in comparison group stained according to the Van
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After treatment of patients with premature aging with native HA, unexpressed changes
are visible in the papillary layer of the dermis. The increased density of the fiber arrange-
ment is visible. In the reticular layer, the bundles of collagen fibers are thick, the inter-fiber
gaps are expanded. The border between the papillary and reticular layers is weakly
expressed (Figure 7c,d).

In the group of patients with premature aging of the skin after treatment with complex
product of HA, there was a pronounced dynamic of morphological changes. There was
an increase in the cross-sectional area of the papillary layer of the dermis, an increase in
the density of cells in it per unit area of the section (Figure 8a); the visualized small blood
vessels are blood-filled. There is a gradual transition from the papillary to the reticular
layer. In the reticular layer of the dermis, the inter-fiber gaps are very wide, a significant
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number of thin newly formed fibers are visualized in the field of view, the intensity of
the color of the fibers is different, which indirectly indicates a different degree of their
maturity. The density of structured matter per unit area of the section is less, the ratio
of structured to unstructured matter is shifted towards the latter. Additionally, for the
pronounced heterogeneity of fibers, it should be noted that thin single fibers are visualized
between fiber bundles without a tendency to merge into bundles (Figure 8b). The density
of cells in all layers of the skin is increased. In the dermis, fibroblastic differon cells and
macrophages predominate in the field of vision.
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Figure 8. Micrography of the skin section after treatment: (a) in the main group after complex product
with hyaluronic acid stained with hematoxylin and eosin, ×300; (b) in the main group after complex
product with hyaluronic acid stained with hematoxylin and eosin, ×400; (c) in the main group after
collagen product stained with hematoxylin and eosin, ×400; (d) in the main group after collagen
product stained with hematoxylin and eosin, ×100.

Microscopy in a group of patients with premature skin aging after collagen treatment
also shows the pattern of morphological changes detected. The epidermal–dermal border
is undulating, the papillae formed by the epidermis are not deep and wide (Figure 8c).

It should be noted that thickened collagen fibers are visualized in the field of view in
the papillary layer of the dermis, which indirectly indicates the activation of collagenogene-
sis and reduces the severity of the border between the papillary and reticular layers. The
thickness of the papillary layer is reduced. In the reticular layer of the dermis, connective
tissue fibers are thickened and form coarse bundles of fibers, between which single thin
fibers are visualized. It should also be noted that there is an increased accumulation of
collagen fibers, with a certain structure in the location, near the hair follicles and sebaceous
glands (Figure 8d).
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The density of the structured substance is greater, mainly due to the fibrous component.
The cellular component is dominated by elements of fibroblastic differon.

3.2.4. Results of Polarization Microscopy

Analysis by polarization microscopy of skin sections stained with Sirius Red have
shown that collagen fibers were represented by tightly packed fibrils of various diameters
and formed mesh-fibrous or parallel-fibrous architectonics. Type I collagen fibers showed
red staining; type III showed green staining and were significantly thinner.

In the group of patients with normal aging, the percentage of collagen type III relative
to collagen type I was significantly higher than in the group of patients with premature
aging (Table 7). According to available literature sources, the amount of collagen type III in
the skin ranges from 8 to 12% [35]. Aesthetic treatment with HA in the group of patients
with normal aging leads to the normalization of collagen type III content. At the same time,
in the group of patients with premature aging after native HA, only a small increase in
collagen type III was noted without reaching the standard level.

Table 7. The results of polarization microscopy (M ± m, %).

Group/Subgroup Collagen Type I Collagen Type III Collagen Ratio I/III

Main group (before treatment) 97.39 ± 1.51 2.61 ± 0.22 39.08 ± 0.87
Subgroup 1A (after placebo) 96.99 ± 1.50 3.01 ± 0.29 36.56 ± 0.89

Subgroup 1B (after native HA) 95.43 ± 1.49 4.57 ± 0.30 * 22.20 ± 0.67 *,#

Subgroup 1C (after complex HA) 90.96 ± 1.45 *,# 9.04 ± 0.42 *,# 10.23 ± 0.44 *,#

Subgroup 1D (after collagen) 76.82 ± 1.31 *,# 23.18 ± 0.68 *,# 3.35 ± 0.26 *,#

Comparison group (before treatment) 77.96 ± 1.34 22.04 ± 0.69 3.54 ± 0.28
Subgroup 2A (after placebo) 75.96 ± 1.32 24.04 ± 0.73 3.16 ± 0.26

Subgroup 2B (after native HA) 92.24 ± 1.46 *,# 7.76 ± 0.39 *,# 12.15 ± 0.48 *,#

Note: * p-value ≤ 0.05 compared with an intact group; # p-value ≤ 0.05 compared with the previous group;
HA—hyaluronic acid.

In the group of patients with premature aging, aesthetic treatment with a complex
product with HA caused an increase in collagen type III to the standard level, while
aesthetic treatment with a collagen product caused an even greater increase in type III
collagen, which indicates more active collagenogenesis in subgroup 1D (Figure 9).
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Figure 9. Micrograph of the skin section of patients: (a) patients with normal skin aging before
treatment; (b) patients with normal skin aging after treatment with native hyaluronic acid; (c) patients
with premature skin aging before treatment; (d) patients with premature skin aging after native
hyaluronic acid; (e) patients with premature aging of the skin after the complex product of hyaluronic
acid; (f) patients with premature aging of the skin after collagen. Stained by Sirius Red. Polarization
microscopy, ×400.

3.2.5. Results of the Assessment of the Psycho-Emotional Status

The assessment of the psycho-emotional status of patients was carried out before
and after all the procedures. When assessing the psycho-emotional status of patients, an
increase in the average anxiety score in patients of the main group and a tendency to
increase the depression score (but without reliable statistical significance, p-value > 0.05)
can be noted (Table 8). Patients of the two groups showed a comparable level of satisfaction
with their own body. In general, the average statistical indicators fit into the average
population norms (up to 7 points—on the anxiety and depression scale; 1.80 ± 0.9—on the
SIBID; 3.53 ± 0.62—on the ASI-R).
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Table 8. The results of the assessment of the psycho-emotional status of patients (M ± SD).

Parameter Main
Group

Comparison
Group

p-Value
(Mann–Whitney Test)

Average score on the Anxiety Subscale (HADS) 6.57 ± 3.13 5.50 ± 2.69 0.071
Average score on the Depression Subscale (HADS) 4.51 ± 2.91 3.92 ± 2.61 0.213
Average score on the scale of the “Questionnaire of

situational dissatisfaction with body image” (SIBID) 1.27 ± 0.710 1.32 ± 0.688 0.596

Average score on the scale of the “Questionnaire of ideas
about appearance” (ASI-R) 2.92 ± 0.581 2.98 ± 0.473 0.609

After aesthetic treatment, in general, we did not notice a statistically significant differ-
ence in the scales reflecting the psycho-emotional state of patients in all groups. However,
as part of our study, it was noted that patients with a higher score on the HADS anxiety
and depression subscales often “underestimate” the assessment of satisfaction with the
result of procedures. We analyzed the questionnaires of patients who received the product,
excluding patients of subgroups 1A and 2A (after placebo). We identified two groups of
patients. The first group, included “underestimating” patients whose PAIS rate was lower
than the physician’s GAIS rate, according to photographic documentation and ultrasound
studies. In the second group of patients were “not underestimating” patients, whose PAIS
score coincided or was higher than the physician’s GAIS rate. The average score was
determined from the questionnaires completed after the procedures (Table 9). There was no
statistically significant difference on the SIBID and ASI-R, but on the HADS, the indicators
in the first group were statistically significantly higher.

Table 9. The results of the assessment of the psycho-emotional status in patients who underestimate
and do not underestimate the assessment of satisfaction with the result (M ± SD).

Scale Patients Who Underestimate
the Assessment of Satisfaction

Patients Who Do Not
Underestimate the Assessment

of Satisfaction

p-Value
(Mann–Whitney Test)

HADS (Anxiety subscale) 7.78 ± 2.59; CI 95% (6.75; 8.80) 5.87 ± 3.50; CI 95% (4.74; 7.01) 0.020
HADS (Depression subscale) 5.22 ± 3.32; CI (3.91; 6.54) 3.74 ± 2.84; CI (2.82; 4.66) 0.040

SIBID 1.32 ± 0.607 1.32 ± 0.726 0.360
ASI-R 2.84 ± 0.339 2.87 ± 0.432 0.601

Note: HADS—Hospital Anxiety and Depression Scale; SIBID—Questionnaire of situational dissatisfaction with
body image; ASI-R—Questionnaire of ideas about appearance; CI—confidential interval.

The data obtained, confirming a decrease in the assessment of patients with increased
anxiety and depression levels, with a general increase in the level of anxiety and depression
in patients with premature aging, indicate the need for specialized consultation for such
patients before aesthetic treatment.

In our study, we confirmed the risk of depression in patients carrying a recessive
homozygous allele of the HTR2A gene (Table 10). To achieve this, according to the HADS
questionnaire, we identified a group of patients with subclinical or clinical depression and
compared them with a group of patients without subclinical or clinical depression.

Table 10. Frequencies of recessive alleles of rs6313 and rs7997012 of the HTR2A gene. Odds ratio of
subclinical or clinical depression depending on alleles.

Gene Genotype Subclinical or
Clinical Depression Normal OR 95% CI p-Value

CC/CT rs6313 and AA/AG rs7997012 3; 30.0% 40; 60.6% 0.279 0.066–1.176
<0.001HTR2A TT rs6313 or GG rs7997012 5; 50.0% 26; 39.4% 1.538 0.405–5.842

TT rs6313 and GG rs7997012 2; 20.0% 0 – –

Note: HTR2A—gene responsible for serotonin 2A receptors; R—odds ratio; CI—confidential interval.
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4. Discussion

In our study based on clinical and morphological features of the skin of women of
35–45 years of age with varying degrees of severity of involutional skin changes, patients
with premature skin aging can be distinguished. We identified a group of parameters
associated with changes in the viscoelastic properties of the skin and ligamentous apparatus,
which can be used to assess the rate of skin aging.

The developed index of involution skin changes enables the identification of patients
with premature skin aging. This was confirmed by the difference between the perceived
age and calendar age in such patients: (+) 4.29 ± 1.97 years, which is significantly higher
than the same difference in patients with normal aging: (−) 1.47 ± 2.89 years.

In patients with a history of aesthetic treatment, indicators can be used to determine
the risk of premature skin aging, based on the prevalence of indicators in the groups with
normal and premature aging. We identified three risk groups: low-risk, moderate-risk and
high-risk group of premature aging.

There was no statistically significant difference in the lifestyle factors affecting aging
(such as incomplete sleep, inactivity, consumption of large amounts of carbohydrates,
frequent exposure to stress, exposure to UV, smoking) in patients of the two groups.
According to biochemical analysis, we did not find a significant difference in the two groups
in terms of serum level of vitamin D, total protein and free hydroxyproline.

We did not find a statistically significant difference in the frequency of mutations in
the examined genes. This confirms the participation of a much larger number of genes and
possible mutations in the occurrence of connective tissue pathology. A large number of
genetic and epigenetic factors are involved in the synthesis of collagen [36]. An even greater
number of genes are involved in the process of regeneration and wound healing [37]. Even
though available commercial tests suggest using the above mutations to diagnose the risk
of various pathologies, including skin, the reliability is still questionable.

Patients with premature aging are characterized by delayed wound healing and
reduced regeneration, with a higher tendency to form post-traumatic hematomas. This
means that they belong to the group of increased risk of adverse events after aesthetic
treatment and require early detection and special monitoring during various treatments.

The use of native HA (Hyon 1.8%) in the group of patients with premature aging had
a low clinical response, comparable to the placebo group. Similar results were obtained in
the morphological study. At the same time, native HA injections had a high clinical and
morphological effect in the group of patients with normal aging.

The use of a collagen-based product (Collost 7%) and a complex product with hyaluronic
acid (Teosyal Redensity 1) in a group of patients with premature aging contributed to more
pronounced clinical and morphological effects, compared with native hyaluronic acid in
the same group of patients. The observed effects were statistically significant. The overall
satisfaction of patients and the assessment of changes in skin parameters after the use of
collagen was higher than after the complex product of HA.

An assessment of the psycho-emotional state in women aged 35–45 years, with normal
and premature skin aging, showed that patients with premature skin aging have a higher
level of anxiety. On the other hand, patients (with normal and premature skin aging)
who have higher levels of anxiety and depression were less satisfied with the results of
aesthetic treatment.

Thus, we offer a comprehensive approach to the management of patients with involu-
tional skin changes in aesthetic medicine. This approach can be used for both cosmetology
and plastic surgery. First, it is necessary to evaluate the index of involutional skin changes
for patients without a history of cosmetic procedures or a risk group for others. Patients
with premature aging or a high risk of premature aging have an increased risk of adverse
events after cosmetology procedures or after plastic surgery. Additionally, anxiety and
depression are common among patients with premature aging, and they are more often
less satisfied with the results of treatment. This means that patients first of all need to be
informed about their “special condition”. Then, together with the patient, further manage-
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ment tactics are chosen, with a preference for non-aggressive, non-surgical methods. Of
these methods, the method of intradermal collagen injection showed the greatest clinical
effectiveness in treating age-related skin changes. If aggressive and/or surgical methods
are necessary, it is important to consider the possible impairment of regeneration and
wound healing. Patients require a complex treatment after surgery to achieve a satisfactory
result. Such a complex treatment needs further study.
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