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Abstract

Background: The present research addresses the issue of skin aging and corresponding skin treatment
individualization. Particular research question was on the development of a simplified criterion supporting patient-
specific decisions about the necessity and intensity of skin treatment. Basing on published results and a wide pool
of our own experimental data, a hypothesis is formulated that a difference between biologic and chronologic age
can be used as a powerful indicator of skin aging.

Methods: In the present paper, we report the results of studies with 80 volunteers between 15 and 65 years of age
linking skin cell profile parameters to biologic and chronologic age. Biologic age was calculated using the empirical
expressions based on the forced vital lung capacity, systolic blood pressure, urea concentration, and blood
cholesterol level. Epidermis and derma cellular structures were studied using skin biopsy samples taken from the
gluteal region.

Results: The present study supports the conclusion that biologic and chronologic age difference is changing in the
progress of life. Our studies are showing that time point when calculated biologic age becomes equal to the
chronologic one reflecting the onset of specific changes in the age dependencies of experimentally measured skin
cell profile parameters. Thus, it is feasible that a difference between chronologic and individually assessed biologic
age indeed reflects the process of skin aging.

Conclusions: With all reservations to the relatively small number of study participants, it seems feasible that a
difference between biologic and chronologic age can be used as an indicator of skin aging. Additional research
linking blood immune profile and skin topography to the difference of biologic and chronologic age (reported in
the following paper) provides further support for the formulated hypotheses. So, a difference between calculated
biologic age and chronologic age can be used as an individualized criterion supporting decisions on skin treatment
strategies. Further research involving larger numbers of participants aimed at optimizing the expressions for
calculating biologic age could lead to reliable and easily available express criterion supporting the decision for the
individualized skin treatment.
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Introduction
The appearance of human skin commonly affects external
perception and can have significant life consequences
(Graham and Kligman 1985; Berry and McArthur 1986;
Kligman and Graham 1986; Waters 1986; Steele et al.
1993; Koblenzer 1996; Gupta 1998; Gilchrest 2003; Gupta
and Gupta 2003; Koblenzer 2003; Gupta and Gilchrest
2005; Lai et al. 2011; Rawal and Anshu 2019). Today
active skincare starts from a rather early age and is quite
common for both genders (Brdar et al. 1996; Sturrock and
Pioch 1998; York-Goldman and Goldman 2001; Kokoi
2011; Safe Cosmetics for Young Children 2012; Teen
Survival Guide 2013; Gupta and Arora 2013; Cash and
Cash 1982). Modern lifestyle demands quick responses to
all stimuli and the pressure of social environment and
media glorifying personal beauty is quite intense. Thus,
with increasing variety and availability of skincare prod-
ucts, it is not unusual to choose intensive skincare
methods promising fast visible effects. In many cases, in-
tense interventions are started earlier than it is necessary,
and products designed for intensive skin treatment are
often used without adequate substantiation. Such
treatment may result in only negligible undesired conse-
quences, but it can inflict certain damage (which poten-
tially could be long lasting). The use of cosmetic and
skincare products at an early age is becoming quite wide-
spread (Safe Cosmetics for Young Children 2012) already
forcing legislative interventions regulating the market. In
2012, a new Resolution was adopted by the Council of
Europe’s Committee of Ministers on safety criteria for
cosmetic products intended for infants (Safe Cosmetics
for Young Children 2012). Understanding possible health
effects of the skincare products used improperly or too in-
tensely is growing (Cash and Cash 1982; de Groot 2001;
Little et al. 2007; Cheng et al. 2010; Khan and Khan 2013;
Bhomick and Rao 2014; Konduracka et al. 2014; Girdwi-
chai et al. 2018), but so far, there are no express methods
for individualizing skincare or treatment. Plainly speaking,
it is desirable to have some easy individualized indicators
showing if in the particular case the skin is “young
enough” and does not need intense treatment, or it is
already “aging” and certain degree of treatment (moderate
or intense) may be required for supporting effective
decision-making for cosmetics and medicine.
One of the obvious observations coming from every-

day life is that some people are “looking younger than
their age” (Christensen et al. 2004; Gunn et al. 2009)
pointing to the difference between the chronologic age
and the perceived one. It may seem that perceived qual-
ity of our skin may be safely used as a criterion to deter-
mine if the skin needs serious treatment. However, very
often the situation is biased by various factors including
sociological and psychological ones. An individual
decision on skincare is also significantly biased by self-

perception. Another possible criterion is the chronologic
age. However, it was shown that using chronologic age
even together with the perceived one as the only indica-
tor for starting intensive skin treatment could be
misleading (Anderson and Parrish 1981; Anderson and
Parrish 1982; Zhang and Duan 2018). It is mainly due to
the large individual variations between different people
even within the same chronologic age group. To account
for at least some individual differences parameters like
social age, psychological age and biologic age were intro-
duced (Furukawa et al. 1975; Sanders and Newman
2013; Kim and Jazwinski 2015; Bulpitt et al. 1994; Kwon
and da Vitoria Lobo 1999; Guinot et al. 2002; Gunn
et al. 2008; Matts 2008; Nielsen et al. 2008; Dykiert et al.
2012; Porcheron et al. 2013; Coma et al. 2014; Krištić
et al. 2014; Shetage et al. 2014; Trojahn et al. 2015a,
2015b, 2015c; Jia et al. 2017; Kang et al. 2017; Wang and
Dreesen 2018). Among these, the biologic age concept
and the frailty index in a cumulative way reflecting over-
all health status are supposed to be the most adequate
indices representing age-related changes in the human
body and skin. Though mentioned above indices are
based on the objective data commonly available or easily
obtainable for each person, neither of them was proven
totally reliable for determining if the skin of a particular
person needs special care and, if so, how intense such
care should be. There are also suggestions that using
skin analysis methods more sensitive to the intrinsic ra-
ther than extrinsic skin features (Guinot et al. 2002;
Sanders and Newman 2013; Krištić et al. 2014; Trojahn
et al. 2015a, 2015b, 2015c; Wang and Dreesen 2018)
may be preferable for the express assessment of the per-
ceived age (Gunn et al. 2008; Coma et al. 2014) together
with the methods assessing skin roughness (Edwards
et al. 2003; Jacobi et al. 2004; Masuda et al. 2014; Tro-
jahn et al. 2015a, 2015b, 2015), or skin mechanical prop-
erties (Rodrigues 2001; Luebberding et al. 2014; Woo
et al. 2014; Coltman et al. 2017). Nevertheless, experi-
mental methods bringing detailed quantifiable informa-
tion are often demanding complex skin or blood analysis
and corresponding equipment with lengthy and expen-
sive measurement procedures. Modern research also
links the state of the human skin to the immune system
status and other molecular-level parameters (Hall 1985;
Kupper and Fuhlbrigge 2004; Alonso-Fernández and de
la Fuente 2011; Mann et al. 2012; Castelo-Branco and
Soveral 2014; Martínez de Toda et al. 2016; Csaba 2019).
So far, there is no consensus which (if any) of the
methods or accessible parameters or their simple combi-
nations can be used in everyday practice as express indi-
cators for determining if skincare treatment should be
used at all, and if so how intensive it should be.
There are different approaches used in determining

biologic age, and different expressions for biologic age
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calculations exist (Furukawa et al. 1975; Brown and
Forbes 1976; Webster and Logie 1976; Borkan and
Norris 1980; Ludwig and Smoke 1980; Voitenko and
Tokar 1983; Hall 1985; Dean 1986; Dean 1998; Bulpitt
et al. 1994; Uttley and Crawford 1994; Jackson et al.
2003; Kupper and Fuhlbrigge 2004; Beloserova 2006;
Introna and Campobasso 2006; Klemera and Doubal
2006; Kaczmarek and Lasik 2006; Cho et al. 2010;
Alonso-Fernández and de la Fuente 2011; Naylor et al.
2011; Smith and Brownless 2011; Mann et al. 2012;
Wiweko et al. 2013; Castelo-Branco and Soveral 2014;
Mitnitski and Rockwood 2014; Belsky et al. 2015;
Cossio-Bolaños et al. 2015; Kim and Jazwinski 2015; Jee
2016; Jia et al. 2016; Martínez de Toda et al. 2016;
Nedelec et al. 2016; Belsky et al. 2017; Jia et al. 2017;
Kang et al. 2017; Csaba 2019). Such expressions are de-
veloped mainly for revealing the factors influencing lon-
gevity and mortality, and for studying the onset of aging.
It is also suggested, that biologic age for different organs
can be different even for the same subject. Recent re-
search following the development of more than 900 indi-
viduals with the same chronologic age have revealed that
good criteria can be constructed based on the compari-
son of the biologic and chronologic age dynamics
(Belsky et al. 2015; Belsky et al. 2017) well reflecting the
deterioration of general health and its self-perception,
objective physiologic parameters, cognitive functions,
motorics and balance. One of the general conclusions
drawn from the analyzed data was that a pace of aging
(calculated using yearly changes of biologic age-related
parameters) was increasing when biologic age was be-
coming higher than chronologic one. Basing on the
suggestions that mentioned difference of biologic age es-
timations and chronologic age reflects the increasing
pace of aging, we have hypothesized that the age at
which chronologic and estimated biologic age coincide
may be used for constructing an express criterion of
aging. In particular, it is hypothesized that a simplified
criterion basing on the concept of biologic age can sup-
port individualized decisions and for cosmetics and
medical practitioners. A corresponding approach can be
using a limited number of parameters easily available
from non-specialized hospitals, clinics or other certified
health services thus providing a rapid cost-effective sup-
port for decision making on the individualization of skin
treatment. Thus, main purpose of present study was to
assess if the difference between biologic age (calculated
basing on one of the simplified accepted procedures
similar to the ones described by Webster and Logie
1976) and chronologic age (taken from identity docu-
ments) can be correlated to the objective measurable pa-
rameters of the epidermis and derma, and the immune
system status. Moreover, if such correlations exist and
are strong, with further detailed studies this may provide

a valid basis for designing an individual indicator for
selecting proper skincare.
Over the years, research has shown that human aging

is associated with the changes in numerous factors and
measurable parameters (e.g. Brown and Forbes 1976;
Hall 1985; Nakamura et al. 1988; Montagna and Carlisle
1990; Bulpitt et al. 1994; Kupper and Fuhlbrigge 2004;
Introna and Campobasso 2006; Gilchrest and Krutmann
2006; Johnson 2006; Gruenewald et al. 2006; Klemera
and Doubal 2006; Maggio et al. 2006; Simm et al. 2008;
Sprott 2010; Stowe et al. 2010; Alonso-Fernández and de
la Fuente 2011; Krueger et al. 2011; Mather et al. 2011;
Smith and Brownless 2011; Farage et al. 2013; Farkas
et al. 2013; Holly et al. 2013; Castelo-Branco and Soveral
2014; Freis et al. 2014; Belsky et al. 2015; Cohen et al.
2015; Trojahn et al. 2015a, 2015b, 2015c; Watanabe
et al. 2015; Jee 2016; Jia et al. 2016; Martínez de Toda
et al. 2016; Passarino et al. 2016; Belsky et al. 2017;
Chalyk et al. 2017; Csaba 2019). In addition, today, it is
assumed that multibiomarker algorithms provide more
reliable results (e.g. Gruenewald et al. 2006; Stowe et al.
2010; Mather et al. 2011; Belsky et al. 2015; Cohen et al.
2015; Watanabe et al. 2015; Passarino et al. 2016; Belsky
et al. 2017). Unfortunately, multibiomarker and other
multiparametric algorithms often demand relatively
complicated procedures for data collection and are hard
to use for express assessment. With wider availability of
modern methods number of measurable parameters that
could be included into consideration is continuing to
grow (e.g. Watanabe et al. 2015, describing the applica-
tion of NMR relaxometry measuring the coupling of
water protons to the tissue for assessing facial aging).
Basing on available experimental results and literature

data analysis following specific hypothesis was formulated:
a difference between the chronologic and biologic age

can be used as an express individualized indicator of skin
aging helping in decision taking on the skin treatment.
We have deliberately selected a limited set of tests for

assessing the skin status (topography, moisture, elasti-
city, sebum level, cell structure), and the status of the
immune system (basing on the blood tests) as a basis for
potential skin aging criterion (indicator). In the process
of selection, the methods common for microbiology and
easily available for the modern laboratory were chosen
to evaluate the limitations of using a smaller number of
parameters for constructing an assessment criterion.
The present paper describes the experimental studies

of the parameters reflecting skin cellular structure and
their correlations with the biologic and chronologic age
difference testing the formulated hypothesis. The follow-
ing paper will present the results of experimental studies
of the parameters reflecting skin state (moisture, sebum,
roughness) and overall immune status as well as
measured parameter correlations with the biologic and
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chronologic age difference and cross-correlations in sup-
port of the stated hypothesis.

Methods
Eighty healthy volunteers (40 male and 40 female) 15 to
65 years (chronologic age, CA) predominantly living in
urban areas took part in the studies. The chronologic
age of the participants was recorded from the identity
documents. No pre-selection according to the health
conditions or perception of the skin quality was in-
volved. All procedures were conducted by the qualified
personnel in accordance with principles of the Declar-
ation of Helsinki and its amendments (World Medical
Association Declaration of Helsinki. Ethical Principles
for Medical Research Involving Human Subjects, 2013).
All participants were properly informed on the nature of
studies and specific procedures and gave signed written
consent. The consent forms and the plans for the re-
search were approved by the Ethics Commission of the
Institute of Clinical Immunology (IRB 1025402458740)
according to the formal requirements issued by the State
Department of Health of the Russian Federation. In the
presently discussed part of the overall study, the follow-
ing aspects and parameters of the participants were
assessed: calculated biologic and chronologic age of the
participant and functional (cellular) state of the epider-
mis and derma.
The average age of the male and female participants

was 39.05 ± 2.28 and 39.48 ± 2.28 years correspondingly.
Body mass index (BMI) and interval boundaries were
calculated according to the accepted formula (Nuttall
2015; Sochung 2015; Misra 2019):

BMI ¼ weight kg½ �.
height2 m2

� � ð1Þ

Note that with the approach to the biologic age (BA) cal-
culations used in this research, young age is corresponding
to BA > CA, which may be to some extent counterintuitive.
It is opposite to what was reported in some other papers
when using different expressions for BA calculations, giv-
ing BA < CA for younger age (e.g. Voitenko and Tokar
1983; Jia et al. 2017; Kang et al. 2017).

Calculation of the biologic age
Biologic age was calculated basing on the forced vital
lung capacity (FVC, liter), systolic blood pressure (SBP,
mm Hg), urea concentration in urine (UC, mg/100ml)
and blood cholesterol level (measured as the concentra-
tion of Ca in the blood serum, BCa, mg/100 ml) using
the empirical expressions suggested in (Beloserova
2006), derived following the approach developed in the
papers (Borkan and Norris 1980; Voitenko and Tokar
1983; Dean 1986; Dean 1998). Following empiric

expressions (different for male and female) common for
the gerontology research in Russia were used for the
calculations of biologic age (BA) (see Beloserova 2006):

for female BA ¼ 51:01
þ 0:84�UC−5:53�FVC
þ 0:2�SBP
þ 0:093�BCa−5:53�UC ð2Þ

for male BA ¼ 93:86
þ 0:44�UC−4:92�FVC
þ 0:19�SBP
þ 0:10�BCa−9:01�UC ð3Þ

Vital lung capacity, the volume of air that can forcibly
be blown out after full inspiration, was measured using a
medical spirometer common for general hospitals. Sys-
tolic blood pressure was measured according to standard
medical procedure using cuff tonometry. Blood and
urine tests were done using cuff tonometer by a certified
biomedical laboratory of a general hospital according to
standard medical procedures. Blood cholesterol level was
measured in venous blood serum using biochemical
analyzer StatFax 1904+ by Awareness Technology, USA,
with a test system from the same manufacturer accord-
ing to the recommended test protocol. Cholesterol level
for all participants was within the normal levels (3.36 to
8.03 × 10−3 mol/l), but not all of them have had the
levels within recommended limits (below 5× 10−3 mol/l).

Assessment of the skin cellular structure
Epidermis and derma cellular structure was studied, in-
cluding the relative numbers of endothelial cells, endothe-
liocytes, keratinocytes, mastocytes and fibroblasts. These
studies were carried out using the skin biopsy samples.
Skin samples were acquired from the gluteal region using
punch skin biopsy (disposable punchers DERMO-
PUNCH, diameter 2 mm, by Sterylab, Italy). Cell suspen-
sion was prepared using the disaggregation system
Medimachine (by Becton Dickinson Biosciences, USA).
Skin sample together with 1 ml of isotonic solution (0.9%
NaCl) was disaggregated for 30 seconds. After that cell
suspension was filtered (Filicons by Becton Dickinson Bio-
sciences, USA, pore diameter 50 μ), residue was centri-
fuged for 5 minutes at 1500 rpm and lighter fraction was
removed. Cell concentration in the resulting sample was
1x106 ml-1. Following analysis was carried out using
Cytomics FC500 Flow Cytometry Analyzer (Beckman
Coulter Inc., USA) using specific markers CD49f, CD44,
CD45, CD14, CD207, CD146, CD249, CD3, CD4, CD8,
CD19, CD16, CD56 fluorochrome-conjugated to fluores-
cein isothiocyanate (FITC), phycoerythrin (PE), PE-Texas
red (ESD), PE/CY5 (PC5) and PE/CY7 (PC7), all by
Beckman Coulter Inc., USA. Prior to the analysis cells
were re-suspended in 50 μl of phosphate-buffered saline
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(PBS) and stored at +4 oC for 20 minutes. During each
test, 50000 to 75000 cells were analyzed. Cell vitality was
studied using 7-amino-actinomycin D RUO (7AAD, by
Beckman Coulter Inc., USA) staining. Skin-resident
macrophage concentration and activity was studied using
the same biopsy samples as used for the skin cell studies
under flow cytometry.
These parameters in the further research were cross-

correlated with the skin topography parameters and the pa-
rameters extracted from the blood immunology tests. Cor-
responding results will be presented in the following paper.

Statistical analysis
Pearson statistical and correlation analysis was carried
out using the software package IBM SPSS Statistics Base
v 22.0. Though the data sample size is not large enough
to suggest adequate statistical analysis, certain prelimin-
ary conclusions could be already drawn.

Results
A large pool of experimental data was acquired and ana-
lyzed in the present study. Here we report on the data
analysis and the most representative results for the pa-
rameters reflecting skin cellular structure and their cor-
relations with the biologic and chronologic age.

BMI Index distribution of the participants
Figure 1 presents the BMI indices in the participant sub-
groups according to the chronologic age (a), and a number
of the participants corresponding to BMI sub-groups
(underweight, normal, overweight and obese) (b). Table 1
presents the average weight of participants in chosen BMI
sub-groups. Corresponding boundaries of the BMI are
taken to be < 18.50 for underweight; between 18.50 and
24.99 for normal; between 25.00 and 29.99 for overweight
and ≥ 30 kg/m2 for obese (Nuttall 2015; Sochung 2015;
Misra 2019). The overall picture is reflecting a common
trend for the urban population, showing certain tendency

to be overweight and even obese, especially for the younger
people, and between 55 and 60 years. With the elder people,
there is a tendency for increasing weight with growing age,
most probably related to decreasing physical activity.

Biologic and chronologic age, their difference and subject
sub-group selection
For each of the participants, their biologic age was
calculated according to the expressions (2) and (3).
Figs. 2 and 3 present the plots of calculated biologic
(BA) age against chronologic one (CA) for all partici-
pants (Fig. 2) and for male and female participants
separately (Fig. 3).
Following trend lines are added for comparison: solid

line for the dependence BA = CA, dotted line for the lin-
ear approximation of experimental data, and double dot-
ted line for the trend of the perceived age. Trend line
expression for the dependence of perceived age (PA) on
the chronologic one is constructed using the data from
the papers (Gunn et al. 2008; Coma et al. 2014):

PA ¼ 17:64þ 0:71CA ð4Þ

Comparing Figs. 2 and 3, it could be noted that corre-
sponding trends are much clearer, if we use different
expressions for calculating biologic age for male and fe-
male participants. For the younger people biologic age,
calculated using the approach described above is on
average larger than the chronologic one. It is counter-
intuitive (one would think of “seemingly younger than
the age” in this case), and often differs from the ways
other researchers calculate BA (e.g. Voitenko and Tokar
1983; Belsky et al. 2015; Belsky et al. 2017; Kang et al.
2017), but this is the way with expressions for BA
accepted in Russian gerontology research (Beloserova
2006). After 35–45 years, calculated biologic age be-
comes smaller than chronologic age (Figs. 2 and 3). It is
noticeable that the crossover point (when BA becomes

Fig. 1 Averaged BMI indices in the participant sub-groups according to the chronologic age (a), a number of the participants corresponding to
BMI sub-groups, and average weight of the participants in BMI sub-groups (b). Coding: under, norm, over, obese = underweight, normal,
overweight and obese correspondingly
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equal to CA) is about 50 years for male and 35 for fe-
male (Fig. 3). Interestingly, that corresponding “cross-
over points” that can be derived from the data by other
studies are quite similar, even though the expressions
for BA calculations are different, and inclination of the
linearized dependence of BA from CA is opposite. For
example, crossover point BA = CA for male is about 45–
50 years and for female about 35 years (Figs. 1 and 2,
and Voitenko and Tokar 1983); crossover point BA =
CA for male is about 50 years and for female-about 45
years (Fig. 1, and Kang et al. 2017).
In addition, the individual differences in the biologic

age are generally increasing with the chronologic age, es-
pecially above 40 for female and above 50 for male par-
ticipants. Individual differences are also significantly
more pronounced for male participants (scatter for the
BA > CA condition is 42 to 62 years CA for male and 20
to 38 years CA for female). Also, it is useful to note, that
individual scatter of the difference between the biologic
and chronologic age is not very large in the interval 30–
40 years of age (near the crossover point BA = CA). In-
creasing individual scatter of the biologic age with the
chronologic one could be explained by the growing im-
pact of the external factors and accumulated health is-
sues (at an early age, the main impact should belong to
the genetic and other inherited factors).

Previously reported values for the perceived and biologic
age were often carried out for both genders together (cu-
mulative data) certain conclusions can be drawn. Cumula-
tive perceived age calculated according to the approach
developed in (Gunn et al. 2008; Coma et al. 2014) is al-
most coinciding with the biologic age for the male sub-
jects (though in our estimations it is somewhat larger
through almost the entire lifespan, Fig. 3). However, cu-
mulative perceived age is larger than both chronologic
and biologic age for the female subjects from a very early
age and through almost entire lifespan (Fig. 3). So, with
certain reservations, it may support the conclusion that
males are looking closer to the “real age” (BA) than fe-
males. Though existing data are not allowing making def-
inite conclusions, one can speculate that as the social
pressure towards “female beauty” is more pronounced, it
should lead to the increased perceived age for the female.
Corresponding linear fit curves derived from our data

are:

For male : BA ¼ 0:508CAþ 26:39;R2

¼ 0:397 ð5Þ

For female : BA ¼ 0:407CAþ 20:92;R2

¼ 0:527 ð6Þ

Table 1 Average weight of participants in chosen BMI sub-groups (underweight, normal, overweight, obese)

Male Female

Average St. deviation Average St. deviation

Underweight (below 18.50) – – 17.18 –

Normal (18.50 to 24.99) 21.1 2.10 23.55 1.48

27.74

Overweight (25.00 to 29.99) 27.23 1.46 27.74 1.66

Obese (above 30) 33.21 1.23 32.96 2.86

There were no underweight male participants, and only one female

Fig. 2 Calculated biologic age (BA) dependence on the chronologic age (CA) for all participants. Solid line (red): biologic age is approximated by
chronologic one; double dotted line (green): biologic age is approximated by chronologic one basing on the linear fit for the data from
(Kaczmarek and Lasik 2006); dashed line: linear fit for experimental data (both male and female, BA = 0.431CA + 24.54, R2 = 0.338)
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Cumulative for all participants : BA
¼ 0:431CAþ 24:54;R2 ¼ 0:338 ð7Þ

Our studies were carried out in order to relate age pa-
rameters to the parameters of the skin. In attempt to iden-
tify the sub-groups that “do not need skin corrective
intervention”, and “may require intensive corrective inter-
vention” three sub-groups were selected for each gender.
During initial reasoning a group for “critical age” (BA~CA)
was defined as having this difference less than 5 years:

j BA−CA j< 5years ð8Þ
So the suggested choice for the three sub-groups was as

follows: below and above the “critical” age (BA is clearly
larger or clearly smaller than CA) and around the cross-
over age (BA~CA). Individual scatter of the values in BA
vs CA dependences is rather significant, so basing on all
experimental data acquired we have adopted a simplified
approach to the “critical age” sub-group selection linked
to the biologic age but basing on the chronologic one. So
finally, the sub-group selection criteria for the male sub-
jects are below 40, between 40 and 50, and above 50 years;
for the female subjects are below 30, between 30 and 40,
and above 40 years (corresponds to the difference |BA-
CA| < 2 years). Therefore, the definition of the simplified
criteria for the age sub-group selection is:

Critical chronologic age group;male
� between 40 and 50years ð9Þ

Critical chronologic age group; female
� between 30 and 40years ð10Þ

Further, we will refer to these groups as “early age”,
“critical age” and “late age” ones. Note, that though this

choice is using the chronologic age, for the particular
group of subjects it follows the criterion (8) on the bio-
logic and chronologic age difference calculated using the
approach defined above.

Epidermal cell profile changes with the age difference
BA-CA
Skin cell and activity dependence on the age difference
(BA-CA) was studied using the cells extracted from the
skin biopsy samples acquired from the gluteal region
using punch skin biopsy. Figure 4 presents the depend-
ence for relative numbers of epidermal fibroblasts
(CD45-CD14-CD44+) and activated epidermal fibro-
blasts (CD45-CD14-CD44 + CD80+). Relative amount of
fibroblasts and activated fibroblasts falls, and value
scatter seems to be decreasing with the age for both
male and female. In addition, the decrease rate of the ac-
tivated fibroblasts numbers is faster for females, though
their numbers are larger for female of young age
(BA>CA).
Squares (linear fit: double-dotted line)—male partici-

pants; diamonds (linear fit: dashed line)—female partici-
pants. Note that a large positive difference BA-CA
corresponds to early age
Figure 5 presents the dependence for relative numbers

of epidermal keratinocytes (CD49f+) and activated kera-
tinocytes (CD49f+HLA-DR+). Similar to the patterns de-
scribed above for the epidermal fibroblasts, numbers of
epidermal and activated epidermal keratinocytes de-
crease with the age, and there is a certain tendency for
the scatter to decrease with age. Interestingly to note
that though data scatter (individual differences for the
same BA-CA) is rather large, trend lines for male and fe-
male tend to cross around BA = CA, though expressions
for calculating biologic age BA used in present research
are different for male and female.

Fig. 3 Calculated biologic age (BA) dependence on the chronologic age (CA) for male (squares) and female (diamonds) participants. Solid line
(red): biologic age is approximated by chronologic one; double dotted line (green): biologic age is approximated by chronologic age basing on
the linear fit for the data from (Kaczmarek and Lasik 2006); dashed line: linear fit for experimental data (BA = 0.508CA + 26.39, R2 = 0.397 for male,
and BA = 0.407CA + 20.92, R2 = 0.527 for female)
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Figure 6 presents the dependence for relative numbers of
epidermal endotheliocytes CD146+ (a) and activated
endotheliocytes of the type CD146+CD54-HLA-DR+ (b),
of the type CD146+CD54+HLA-DR- (c), and of the type
CD146+CD34+ (d). Corresponding fit line expressions are:

a. Male y = − 0.0009x2 + 0.0019x + 1.307, R2 = 0.205;
female y = 0.0003x2 + 0.004x + 0.8886, R2 = 0.0758

b. Male y = 0.133x + 20.96, R2 = 0.203; female y =
0.282x + 22.33, R2 = 0.612

c. Male y = 0.0002x2 + 0.0328x + 1.3056, R2 = 0.0839;
female y = − 0.0014x2 − 0.0134x + 0.7905; R2 =
0.2081

d. Male y = 0.0010x2 + 0.1792x + 2.9962, R2 = 0.2142;
female y = 0.0054x2 + 0.3225x + 4.4442; R2 =
0.5907

In all cases, cell number value is represented by a ratio
of the specific cells to the overall cell count in standard
flow cytometry tests.

During the analysis of measured parameter dependen-
cies on the age difference (BA-CA), we have tested if the
normalization of the age difference would change the
tendencies. It appears that plotting measured values
against BA-CA or normalized differences (BA-CA)/BA
or(BA-CA)/CA does not change the trends, and in some
cases, the trends can become clearer.
Figure 7 presents the trends in epidermal mastocyte (a)

and activated epidermal mastocyte (b) number changes
with normalized age difference (BA-CA)/BA. Correspond-
ing fit line expressions are:

a. Male y = 0.144x2 + 0.991x + 4.005, R2 = 0.039;
female: y = 4.990x2 − 1.255x + 3.295, R2 = 0.300

b. Male y = 0.446x2 + 0.968x + 1.415, R2 = 0.169;
female: y = 0.419x2 − 1.120x + 1.217, R2 = 0.142

Figure 8 presents age difference dynamics of the num-
bers of epidermal monocytes/macrophages CD45 +
CD14+ HLADR+ (a) and epidermal Тs lymphocytes

Fig. 4 Changes in the relative number of epidermal fibroblasts CD45-CD14-CD44+ (a) and activated epidermal fibroblasts CD45-CD14-CD44 +
CD80+ (b) with the biologic and chronologic age difference BA-CA

Fig. 5 Changes in the number of epidermal keratinocytes CD49f + (a) and activated epidermal keratinocytes CD49+HLA-DR+ (b) with the
biologic and chronologic age difference BA-CA. Squares (linear fit: double-dotted line)—male participants; diamonds (linear fit: dashed
line)—female participants. Note that a large positive difference BA-CA corresponds to early age
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CD45 + CD3 + CD4-CD8+ (b). Corresponding fit line
expressions are:

a. Male y = 1.431x + 5.921, R2 = 0.162; female: y =
5.264x + 7.205, R2 = 0.208

b. Male y = − 4.480x2 + 3.179x + 3.317, R2 =
0.252; female: y = 0.682x2 + 0.234x + 3.874, R2 =
0.009

It was also worth checking, if the corresponding par-
ameter values averaged for the subgroups according to
the simplified “critical age” criterion basing on the chro-
nologic age of the participants (see expressions 7–9
above) will show similar tendencies in the trends.
Figures 9 and 10 present the numbers of epidermal kera-
tinocytes, fibroblasts, endotheliocytes, and monocytes
averaged for the sub-groups chosen according to BA-CA

Fig. 6 Changes in the number of epidermal endotheliocytes CD146+ (a) and activated epidermal endotheliocytes CD146 + CD54-HLA-DR+ (b),
CD146 + CD54 + HLA-DR- (c) and CD146 + CD34+ (d) with the biologic and chronologic age difference BA-CA (squares for male, double dotted
fit lines; diamonds—for female, dashed fit lines). Linear fit for activated endotheliocytes, and second-order polynomial fit lines—the rest. Note
that a large positive difference BA-CA corresponds to early age

Fig. 7 Changes in the number of epidermal mastocytes CD249+ (a) and activated epidermal mastocytes CD249 + CD63+ (b) with the biologic
and chronologic age difference BA-CA. Squares (second order polynomial fit: double-dotted line)—male participants; diamonds (second order
polynomial fit: dashed line)—female participants. Note that a large positive difference BA-CA corresponds to early age
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criterion (age below, within and above “critical age
interval”).
Corresponding tendencies for the age sub-groups are

also showing similar tendencies of decreasing numbers
of epidermal fibroblasts, keratinocytes and epidermal
endotheliocytes I and III.
Figure 11 illustrates the numbers of epidermal T-, Th-

and Ts-lymphocytes, B-lymphocytes, and NK-cells averaged
for the sub-groups chosen according to BA-CA criterion.

Discussion
Analysis of the data presented above shows that the
overall number of the endotheliocytes seems relatively

stable (though some smaller in male), but the number of
activated endotheliocytes on average decreases with the
age for both male and female (with the exception of the
activated cells CD146 + CD54-HLA-DR+ showing
opposite trends for male and female) (see Fig. 6). In
addition, the dependences on the chronologic age for
different types of activated endotheliocytes are quite
different. The loss in active cells of the type CD146 +
CD54 + HLA-DR- is quite significant, but the loss of ac-
tive CD146 + CD34+ cells is more dramatic (close to the
exponential dependence on chronologic age). Chrono-
logic age dependence of the activated cells CD146 +
CD54-HLA-DR+ numbers is very different for male and

Fig. 8 Changes in the number of epidermal monocytes/macrophages CD45 + CD14 + HLADR+ (a) and epidermal Тs-lymphocytes (CD45 + CD3
+ CD4-CD8+) (b) with the biologic and chronologic age difference BA-CA. Squares (double-dotted line)—male participants; diamonds (dashed
line)—female participants. Note that a large positive difference BA-CA corresponds to early age

Fig. 9 Numbers of epidermal fibroblasts CD45-CD14-CD44+ (a), activated fibroblasts CD45-CD14-CD44 + CD80+ (b), epidermal keratinocytes
CD48f (c) and activated epidermal keratinocytes CD49f + HLA-DR+ (d) averaged for the sub-population groups selected according to the “critical”
chronologic age approach. 'm.' indicates male and 'f.' female participants
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female. In the case of male, this number dramatically de-
creases until about 30 years of age and after seems to be
rather stable but with increasing individual differences.
In female, this number grows to about 40–50 years of
age and then seems tending to become stable, though in-
dividual differences are becoming quite significant not
allowing getting any reasonable precision for the trend
line computation. Also, note the difference in the trends:
while the number and activity of the fibroblasts and ker-
atinocytes (Figs. 4 and 5) are falling with the age differ-
ence (BA-CA) almost linearly, the numbers of epidermal
endotheliocytes and activated endotheliocytes show dy-
namics that are more complex. There is also a general
falling trend of the discussed cell relative numbers with
growing chronologic age above the threshold BA = CA.
Also, in the majority of cases data scatter (individual dif-
ferences for the same BA-CA) is rather large for younger

age, trend lines for male and female tend to cross or
have extremum close to BA = CA, though expressions
for calculating biologic age BA used in the present re-
search are different for male and female participants.
Analysis of the data related to the epidermal mastocytes

(Fig. 7) indicates that their overall number (CD249+) is ra-
ther stable through the entire life span for both male and
female with some tendency to decrease in the middle age.
The dynamics of activated mastocytes (CD249 + 63+)
numbers is quite similar to the one of the activated
endotheliocytes CD146 + CD54-HLA-DR+ (Fig. 6) and is
quite different for male and female. In the case of male,
this number significantly decreases until about 40 years of
age and after seems to be rather stable, with the tendency
to decrease further after about 50 years, but with increas-
ing individual differences. In female, this number grows to
about 30 years of age and then seems tending to stable

Fig. 10 Numbers of epidermal endotheliocytes CD146+ (a), activated endotheliocytes of the type CD146 + CD54 + HLA-DR- (b), CD146 + CD54
+ HLA-DR+ (c), CD146 + CD34+ (d), and numbers of epidermal monocytes CD45 + CD14+ (e), and activated epidermal monocytes CD45 + CD14
+ HLA-DR+ (f) averaged for the sub-population groups selected according to the “critical” chronologic age approach. 'm.' indicates male and 'f.'
female participants
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value, though individual differences are becoming quite
significant to get any reasonable precision for the trend
line. In addition, all trends in the parameter dependencies
are becoming more clear if the parameters are plotted
against “normalized age difference” (BA-CA)/BA, and less
clear if plotted against (BA-CA)/CA. And while the indi-
vidual difference between the epidermal mastocyte num-
bers for both male and female and activated mastocyte
numbers for male decreases with the age (similar as for
other measured parameters), scatter for activated masto-
cyte numbers for male is increasing.
Numbers of epidermal monocytes/macrophages (Fig. 8)

are almost stable vs BA-CA, with the slight tendency for
decreasing with the age, and their numbers are similar for
male and female with the decline rate for female being
slightly higher. Numbers of the activated epidermal mono-
cytes/macrophages CD45 + CD14 + HLADR+ are similar
for male and female and show a strong tendency to de-
crease with the age (changing about twice for the age be-
tween 18 and 60). The general trend of the monocyte and

macrophage numbers to decrease with the age is in line
with the findings reported by other researchers reflecting
the impact of the age on the innate immunity (Kupper
and Fuhlbrigge 2004; Alonso-Fernández and de la Fuente
2011; Castelo-Branco and Soveral 2014; Martínez de Toda
et al. 2016; Csaba 2019).
Analysis of the age difference dependence for the other

measured factors shows the following trends. Numbers
of the epidermal Th-lymphocytes CD4 + CD8- and epi-
dermal T-lymphocytes CD45 + CD3+ are showing very
similar dynamics. They are having similar numbers for
male and female in the early life, and fall significantly
with the age (close to linear trend vs BA-CA). However,
in the case of female, the decrease rate is higher (about
20% decrease for male and about 40% for female for the
age between 18 and 60). Numbers of the epidermal Тs
cells CD45 + CD3 + CD4-CD8+ are very similar for
male and female showing only a slight tendency to de-
crease with the age. Numbers of the epidermal B lym-
phocytes CD19+ show very similar trends for male and

Fig. 11 Numbers of epidermal T-lymphocytes CD45 + CD3+ (a), cytotoxic (Ts) lymphocytes CD45 + CD3 + CD4-CD8+ (b), Th-lymphocytesCD45
+ CD3 + CD4 + CD8- (c), B-lymphocytes CD45 + CD3-CD19+ (d), and natural killer NK-cells CD45 + CD3-CD16 + CD56+ (e) averaged for the sub-
population groups selected according to the “critical” chronologic age approach. 'm.' indicates male and 'f.' female participants
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female with a significant decrease rate with the age
(about twice for the age between 18 and 60). Numbers
of the epidermal NK cells CD3-16 + 56+ have signifi-
cantly different age dynamics for male and female,
though in both cases declining with the age. The decline
rate for male is also more pronounced than that for fe-
male (about 40% for male and about 10% for less for fe-
male for the age between 18 and 60). Overall results are
similar to the findings by other researchers reporting de-
clining humoral and cellular immunity functions with
increasing age (and corresponding decrease in the num-
bers of B-lymphocytes and T-lymphocytes, (Kupper and
Fuhlbrigge 2004; Alonso-Fernández and de la Fuente
2011; Castelo-Branco and Soveral 2014; Martínez de
Toda et al. 2016; Csaba 2019). The same time we have
not detected increasing with age numbers of NK cells as
it is reported elsewhere for the blood test measurements
(Martínez de Toda et al. 2016; Csaba 2019). Differences
between the parameters measured for male and female
are quite clear, which was also mentioned by other re-
searchers. For example, it was claimed that overall num-
bers of T cells “are higher in females as a whole” (Csaba
2019). However, in our case, such a conclusion can only
be related to the numbers of Ts-lymphocytes.
Though a scatter of the measured values is rather sig-

nificant, it is already possible to conclude that significant
changes in a number of parameters used to assess skin
aging behave differently for the age groups selected ac-
cording to the difference BA-CA below and above zero.
Trend lines for the majority of studied parameters for fe-
male and male participants are crossing or converging
close to BA = CA. Majority of the parameters exhibit
decreasing trends with growing age (falling difference
BA-CA), but in few cases there are dependences with
extremum values around BA = CA.
Corresponding parameter values averaged for the sub-

groups chosen according to the simplified “critical age”
criterion basing on the chronologic age of the partici-
pants (see expressions 7–9 above) show similar tenden-
cies in the trends. Measured dermal fibroblast and
keratinocyte numbers (Fig. 9) are generally decreasing
with the age, though dependence with maximum for the
female group near the critical age is well pronounced.
Measured overall amount of epidermal endotheliocytes is
nearly stable with the age, but certain difference for male
and female can be seen (Fig. 10a). But while counts of acti-
vated epidermal endotheliocytes of the types I and III falls
with the age for both male and female (Fig. 10b, d), num-
bers of activated epidermal endotheliocytes for male are
falling, and for female are growing with the age (Fig. 10c)
also showing significant difference in the average values
over the age groups. Epidermal monocyte and activated
monocyte counts in female have a maximum around crit-
ical age and a similar trend is recorded for the activated

monocytes in male, but overall monocyte counts for male
are steadily falling with the age (Fig. 10e, f).
Interestingly, the tendencies for the age dependencies

of the parameters averaged for the selected age sub-
groups in many cases still show the changes in the
trends around “critical age” (clearly—Figs. 9d, 10a, e, f;
to a certain extent—Figs. 9b, c, 10d). Again, in some
cases, one can see the clear difference between the ten-
dencies for the male and female participants (Fig. 9d;
Fig. 10a, c, e; Fig. 11d, e). For example, numbers of
epidermal T, Th and Ts lymphocytes, B lymphocytes,
and NK cells averaged for the age sub-groups (Fig. 11)
are either rather stable or decreasing with the age, cer-
tain differences between male and female participants
are present (Fig. 11d, e).
Interestingly, similar tendencies for the age difference

BA-CA having extremum were reported earlier. For ex-
ample, Kang et al. have reported that the corrected BA-
CA difference for male subjects showed a tendency to
have maximum for 40–60 years, and was clearly chan-
ging sign (negative-, positive-negative), and was increas-
ingly positive for all age groups with females. Note that
in this research, age sub-groups were selected in a differ-
ent way: young—20 to 40 years, middle age—40 to 60,
old age > 60.

Conclusions
Basing on the discussed experimental results one can
conclude that dependencies of many critical parameters
reflecting skin cellular profile on the difference of bio-
logic age BA, calculated using chosen Eqs. (2) and (3),
and the chronologic age CA are changing trends in the
vicinity of the point BA = CA. These studies already pro-
vide certain support for the validity of the suggested hy-
pothesis that a difference between the chronologic and
biologic age can be used as an indicator of skin aging.
Tendencies for the parameters reflecting skin cellular

profile averaged for the selected age groups also show dif-
ferences for male and female subjects. Trend changes for
the “early age”, “critical age” (biologic and chronologic age
difference is less than 5 years) and “late age” groups are
also detectable around “critical age”. And though the
chosen criterion for the “critical age” sub-group selection
(5-year difference for BA and CA) is rather arbitrary, it
can be quite useful for practical applications.
With all reservations related to the relatively small num-

ber of subjects (40 male and 40 female), it still can be con-
cluded that the difference of biologic and chronologic age
can be used as an express indicator of skin aging. In
addition, using different expressions for calculating male
and female biologic age provides better grounds for using
biologic and chronologic age difference as an indicator
helping to formulate individualized approach to the skin
treatment. The following paper will describe further
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research on the correlations between skin roughness,
blood immune status, and calculated biologic age provid-
ing further support of the formulated hypothesis. Further
research should be aimed at the improvements to the ex-
pressions used for biologic age calculations, keeping in
mind the practicality of acquiring the needed parameters,
and at improving the corresponding statistics widening
the groups of study participants and monitoring long-
term changes in the corresponding BA values with aging
of the same individuals.
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