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Background: Ageing is an inevitable physiology process of humans, and skin biophysical
parameters change owing to genetic and environmental factors in different ethnic
populations.

Aim: To gain comprehensive data on the skin biophysical parameters of different anatomical
regions and to explore the change trend of the skin characteristics associated with age for the
indicated regions by generalized additive model.

Methods: We measured various skin biophysical parameters on forehead, cheek, chin and
inner forearm of 178 Chinese women aged between 20 and 64 years living in Beijing. These
parameters comprised skin hydration, transepidermal water loss (TEWL), sebum content,
erythema index (EI), melanin index (MI), L*a*b* values, individual typology angle (ITA)
and pH, which were quantified by non-invasive instruments.

Results: Comparing the skin parameters among the four test areas, we observed that the
hydration, TEWL, EI and a* values were significantly higher for the face than for the
forearm, but the L* and ITA values were just the opposite. The cheek was the lightest and
brightest region with lowest sebum content, while the chin was much darker and the forehead
was yellowish. Considering the change of the skin parameters with age, TEWL, sebum
content and melanin and erythema indices had a linear relationship with age, whereas skin
hydration, L, a, b, ITA and pH values exhibited a non-monotonic relationship. The turning
points of these curves appeared almost at the thirties, showing the lightest and evenest skin
color and more hydration, with lower pH values.

Conclusion: This study indicates that the skin biophysical characteristics of Chinese women
were significantly affected by age and body regions.

Keywords: ageing, hydration, skin barrier function, skin color, regional variation

Introduction

Ageing is an inevitable physiology process of humans over time, and both genetic
mechanisms and environmental factors can account for it.' Skin constitutes the
outermost protective barrier which makes it subject to sunlight, air pollution and
climate change. All these external factors accelerate the ageing signs of the skin,
especially the ultraviolet (UV) radiation-induced photoageing.” With the rapid
development of technologies, a large number of non-invasive instruments are
available to evaluate the cutaneous physiological properties, and the most com-
monly used parameters consist of stratum corneum (SC) hydration, transdermal

water loss (TWEL), sebum content, melanin index (MI), erythema index (EI),
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L*a*b* skin color system and skin surface pH values.’
Many studies have reported that these skin biophysical
parameters changed according to age, gender, anatomical
regions and seasons in different ethnic populations.*
Man et al demonstrated that the skin surface pH, sebum
content and SC hydration varied with age, gender and
body site in a large Chinese population.'? Mayes et al
reported that the facial skin L*a*b* skin colors, hydration
and TEWL had associations with chronological age in
Chinese females."> Qiu et al found variability in age-
related skin lightness, chromaticity values, sebum produc-
tion and skin hydration of the facial skin during winter and
summer experienced by Chinese women.'* However, the
test regions were limited and the grouping criteria of age
were different in these studies. No comparison between the
regions and no regional change trends with age were
presented, leading to a failure in understanding the regio-
nal variation of the biophysical properties of the Chinese
women at different ages. In addition, a simple linear cor-
relation was applied to describe the association between
age and the skin parameters in the previous studies.
A more precise fit model should be used to investigate
the tendency.

In this study, we measured nine skin biophysical para-
meters on the forehead, cheek, chin and inner forearm in
a healthy Chinese female population aged from 20 to 64
years using non-invasive methods. The forehead and chin
belong to the oily “T-zone” on the face, while the cheek
was chosen as the representative of the non-oily area of the
face. The forearm is a less photo-exposed site in compar-
ison with the face, which explains more of the natural

ageing process. These four body regions are also the

Table | Characteristics of the Subjects

most frequently measured sites in the relevant studies.
The aim of this investigation was to gain comprehensive
data on the skin parameters of different anatomical regions
and to explore the change trend of the skin biophysical
characteristics associated with age for the indicated
regions by generalized additive model.

Materials and Methods

Subjects

The study enrolled 178 female volunteers aged 20—64 years
(mean 40.1+12.5 SD) who signed the written informed con-
sent. The study was conducted according to the principles of
the World Medical Association Declaration of Helsinki. This
study was a part of a cosmetic efficacy evaluation project, of
which the protocol was approved by the Ethics Committee of
Intertek China who was the evaluation provider. All the
subjects were healthy without any systemic or skin disorders
which could influence the skin condition at the study sites.
Exclusion criteria included pregnancy, lactation, invasive
cosmetology treatment (face lift, BTX-A, chemical peels
etc.), distinct signs of tanning or being a heavy smoker
(= 20 cigarettes per week for over 2 years). The subjects
were distributed into 4 age groups by 10-year ranges (2029,
30-39, 40—49 and 50-64), and the characterization of the age
groups was summarized in Table 1. The subjects were asked
not to apply any skin care products or use soaps or surfactants
to wash the measured sites for at least 12 hours prior to the
study.

Study Design
All subjects had been living in Beijing (north latitude 39°
56', east longitude 116°20') for at least 1 year. The

Characteristics Age Range
20-29 30-39 40-49 50-64 20-64

Age, mean (SD) 254 (3.3) 34.1 (2.8) 44.6 (2.8) 56.6 (4.1) 40.1 (12.4)
Number 47 44 40 47 178
Indoor work, % 100 100 100 100 100
Non-smoker, % 100 100 100 100 100
Moisturizers user, % 95.7 100 87.5 87.2 92.7
Daily sunlight exposure time, %

<2h 85.1 95.5 92.5 80.9 88.2

2-6 h 14.9 4.5 7.5 19.1 1.8

>6 h 0 0 0 0 0
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measurements were performed from October to
December 2019. After washing the measured sites (face
and forearm) with running water, subjects relaxed in
a room with controlled condition (temperature of 22+2°C
and relative humidity of 50+5%) for 30 min. The nine skin
biophysical parameters, including skin hydration, TEWL,
melanin index, erythema index, lightness L*redness a*yel-
lowness b*individual typological angle (ITA) and skin pH,
were measured at four anatomical sites: forehead, cheek
(left), chin and inner forearm. The sebum content was

measured at the forehead, cheek (left) and chin.

Instrument Measurements

Skin parameters were measured using various probes attached
to an MPA10 multi-probe adaptor system (Courage &
Khazaka Electronic GmbH, Cologne, Germany) connected
to a PC, except that skin pH was recorded by a skin pH-
meter PH905 (Courage & Khazaka Electronic GmbH,
Cologne, Germany). The skin hydration in the stratum cor-
neum was measured using the Corneometer CM825 based on
a capacitance measurement and expressed in arbitrary units
(a.u.) (mean of at least five readings). Epidermal barrier func-
tion was assessed as transepidermal water loss (TEWL) using
a Tewameter TM 300 (mean of at least three readings after
saturation of the chamber). Sebum content was measured with
Sebumeter SM 815. Skin melanin and erythema indices were
measured by a Mexameter MX18 (mean of at least four read-
ings). Skin color, based on the L*a*b* color system and the
individual typological angle (ITA), was evaluated by
Colorimeter CL400 (mean of at least three readings).

Statistical Analysis
GraphPad Prism 7 software (GraphPad, San Diego,
California, USA) was used for descriptive analysis and

statistical inference. The statistical difference of skin
biophysical properties among measured regions and
age groups was calculated by one-way ANOVA, and
Tukey HSD (honestly significant difference) was used
for post hoc. The “mgcv” package of R (version 4.0.3)
was used to fit the curves of regional skin parameters
associated with age by generalized additive model
(GAM). The statistical tests were two-tailed with sig-
nificance levels of 0.05.

Results

Data from all the 178 female volunteers enrolled were
taken into account for statistical analysis. Their demo-
graphic information is presented in Table 1. The subjects
were all indoor workers without smoking habit. Over 90%
of the subjects used moisturizers during the daily skincare
steps, and 88% of them were exposed to sunlight less than
2 h per day.

Stratum Corneum Hydration

The skin surface moisture content was analyzed based on
measuring the stratum corneum capacitance values.
Regardless of the age, the skin hydration level for the
forearm was significantly lower than that for the face,
while the forehead, cheek and chin had comparable skin
surface moisture content (Table 2). We further clarified the
change of skin hydration with age for the indicated anato-
mical regions, and the results are shown in Figure 1. For
the forehead and forearm, the fitting curves of moisture
content level as a function of age were bell-shaped, and
the hydration values peaked around 35 and 40 years old,
respectively. The skin hydration for the cheek decreased
with ageing with a slight increase around the thirties, while
it was stable for the chin. When we categorized the data

Table 2 Influence of Anatomical Regions on the Biophysical Parameters

Biophysical Parameters Forehead Cheek Chin Forearm
Hydration (a.u.) 4252 £ 11.96 42,12 £ | 1.15 4349 + 9.80 33.45 + 8.32%*
TEWL (g/m? h) 13.58 + 4.83 13.40 + 4.18 14.40 + 4.97 11.04 + 3.54**
Sebum (ug/ecm?) 38.7 + 38.1 29.8 + 30.1%* 42.11 £ 38.0 N/A
pH 5.77 £ 0.40 591 + 0.33%* 5.78 + 0.44 5.73 £ 0.44
Melanin index (a.u.) 184.7 + 45.5 158.1 + 48.0%* 2122 £ 46.0%* 175.7 + 37.2
Erythema index (a.u.) 305.1 + 55.4%* 281.0 £ 71.1%* 377.6 + 64.6** 209.1 + 43.7%*
Brightness L* (a.u.) 63.64 + 2.80 63.79 + 3.18 59.68 + 4.04** 64.31 +2.63
Redness a* (a.u.) 9.86 + |.42%* 11.20 + 256 10.83 +2.23 8.09 + [.55%*
Yellowness b* (a.u.) 14.97 + 2.25* 13.57 + 28I 14.24 + 2297 13.98 + 1.98
Individual typological angle ITA (°) 423 + 8.8* 453 + 84 333 £ 12.0%* 455+ 6.9

Notes: The data are expressed as mean % SD. ¥»<0.05, ¥p<0.01 compared with other anatomical regions. *p<0.05, compared with cheek.
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Figure | Age-related change of skin hydration for the forehead (A), cheek (B), chin (C) and forearm (D), and the comparison among the four age groups (E). Hydration
values are indicated by solid lines and 95% Cls by shaded area in the line graphs, and are expressed as mean * 95% Cls in the bar graphs.

into four age groups and compared them with each other,
no statistically significant difference was seen among the
groups.

Transdermal Water Loss
In accord with the skin hydration level, the forearm had
significantly lower level of TEWL values than any area of

the face (Table 2). There existed a monotonous

relationship between TEWL values and age for the fore-
head, cheek, chin and forearm. It demonstrated that TEWL
of the forehead showed a rising trend with age, but the
change trend was just the opposite for the cheek.
Additionally, the skin barrier function remained steady
for the chin and the forearm from 20 to 64 years old
(Figure 2A-D). The difference among the four age groups
was not significant (Figure 2E).
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Figure 2 Age-related change of TEWL for the forehead (A), cheek (B), chin (C) and forearm (D), and the comparison among the four age groups (E). TEWL values are
indicated by solid lines and 95% Cls by shaded area in the line graphs, and are expressed as mean * 95% Cls in the bar graphs.

Sebum Content

Since sebum content was not a routine parameter measured
on the forearm in our daily practice, we just tested it on the
face. The forehead and chin produced similar levels of sebum
content, which was dramatically higher than that for the
cheek (Table 2). The sebum content on the face was linearly
correlated with age. The results indicated that the sebum
level of the three measured facial sites decreased in an age-

dependent manner (Figure 3A-C). The oldest population had
dramatically lower sebum level than the young populations
aged 30-39 years for the forehead and aged 20-29 years for
the cheek and chin (Figure 3D).

Skin Surface pH

The skin surface pH value of the cheek was much higher
than the other three regions (Table 2). The variations of pH
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Figure 3 Age-related change of skin sebum content for the forehead (A), cheek (B) and chin (C), and the comparison among the four age groups (D). Sebum values are
indicated by solid lines and 95% Cls by shaded area in the line graphs, and are expressed as mean * 95% Cls in the bar graphs. *p <0.05, **p <0.01.

values associated with age for the forehead, cheek and
forearm fluctuated down (Figure 4A,B,D). It firstly went
downward in the thirties, increased in the forties, and then
reduced in the fifties. Furthermore, the change trend for
the forearm was much more smooth and stable than the
other two facial regions. For the chin, the pH values
slowly reached a peak around 40 years old and smoothly
declined afterwards (Figure 4C). A significant difference
was only observed for the forehead between the forties and
the fifties (Figure 4E).

Skin Color Parameters of Melanin Index

and Erythema Index

The regional variation of melanin index was prominent,
and the MI values of the four sites ranked as: cheek <
forearm = forehead < chin (Table 2). Similarly, the regio-
nal differences of EI values were statistically significant,
and the order was: forearm < cheek < forehead < chin; the
forearm had the lowest EI value compared to areas of the
face (Table 2).

The MI and EI values both presented a linear correla-
tion with age for the face (Figure 5A-C and Figure 6A-C).
However, the MI values were positively related to age,
while the correlation of EI values with age was negative
except for that for the chin. It showed a J-shaped fitting
curve of MI values for the forearm, with the thirties as the
bottom (Figure 5D). As for the EI values for the forearm,
the fitting line was a smooth downward curve (Figure 6D).
However, only the MI values in the 50-64 age group for
the cheek showed significant differences in comparison
with the 20-29 and 30-39 age groups (Figure SE). The
EI values did not present markedly differences among the
age groups for the test regions (Figure 6E).

Skin Color Parameters of CIE L*a*b*
Color System

Besides MI and EI, the skin color was determined using the
CIE L*a*b* color system as well, which included lightness
L*redness a*yellowness b* and individual typology angle
(ITA). According to Table 2, the impact of anatomical
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Figure 4 Age-related change of skin surface pH for the forehead (A), cheek (B), chin (C) and forearm (D), and the comparison among the four age groups (E). pH values
are indicated by solid lines and 95% Cls by shaded areas, and are expressed as mean + 95% Cls in the bar graphs. *p <0.05.

regions on the Lab skin color system revealed that the light-
ness for the chin was the lowest compared with the forehead,
cheek and forearm. The highest a* values were for the cheek
and chin, followed by the forehead, and the forearm was the
least red region. The facial skin yellowness values were
remarkably different among test sites, of which the rank in
descending order was forehead, chin and cheek, and the

yellowness for the forearm was at the same level as the
cheek. The ITA represents the skin color homogeneity, and
the most homogeneous skin color was seen for the cheek and
forearm, the forehead in second place, and the least homo-
geneous was the chin.

The L values for the face exhibited a decreasing curve
changing with age, with a small peak in the age group of
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Figure 5 Age-related change of skin melanin index for the forehead (A), cheek (B), chin (C) and forearm (D), and the comparison among the four age groups (E). Ml values
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30-39 (Figure 7A-C). There existed remarkable difference
between older subjects and younger subjects for the fore-
head and cheek, but not for the chin (Figure 7E). Lightness
level for the forearm was quite stable with values around
64 (Figure 7D). Likewise, the skin redness for the face all
showed a J-shaped fitting curve, and the inflection point
was observed at about 35 years old for the forehead and
cheek, while at 32 years old for the chin (Figure 8A-C).

The a* values for the forearm were on the decline with age
(Figure 8D). A significant difference of a* values was
observed for the chin between the fifties and the twenties
and thirties (Figure 8E). The four test regions all showed
an increased trend of the b* parameter with the ageing
process, but a fall occurred at the thirties for the forehead
and forearm (Figure 9A-D). The yellowness level in the
50-59 age group was vastly lower than that of the 30-39
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values are indicated by solid lines and 95% Cls by shaded area in the line graphs, and are expressed as mean + 95% Cls in the bar graphs.

age group for the forehead chin and forearm, and in the
20-29 age group for the cheek (Figure 9E). Although the
ITA values decreased along the lifespan, typically for the
cheek, the women in their thirties showed a rise of ITA for
the forehead and chin, and the top values for the forearm
were at around 40 years old (Figure 10A-D). Except for
the forearm, the oldest group had lower ITA values than

the other age groups for the forehead and cheek, and
a significant difference existed between the thirties and
the fifties for the chin (Figure 10E). The data of the
L*a*b color system illustrated that the skin color change
in the age range of 30-39 had its own feature, showing the
lightest and evenest skin color compared to other age
groups.
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Discussion

In this study, we investigated the inter-relationship between
anatomical regions as well as age and moisture-, sebum-,
pH- and color-related skin features of 178 Chinese women
by noninvasive methods. These two factors highly affected
the skin characteristics showing typical change patterns.

The intrinsic skin ageing equally influences all skin
regions; however, some skin regions are exposed more
often to the extrinsic factors such as UV radiation, pollu-
tion or bad weather. As an exposure site, the facial areas
are more severely affected by harmful environmental fac-

tors than the inner forearm which is preserved by the
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clothes most of the time. Comparing the skin parameters
for the forehead, cheek, chin and forearm areas, we
observed a remarkable difference between the face and
forearm, in addition to a prominent facial region variation.
The hydration, TEWL, EI and a* values were significantly
higher for the face than the forearm, but the L* and ITA
values were just the opposite. Cheeks are characterized by

the highest pH and ITA values, and lowest sebum level and
M1, EI, and b* values among the facial regions. Chin is the
darkest area of the face with the highest MI and EI values
and lowest L* and ITA values. Besides, the forechead is the
most yellow region for the face with the least redness.
The face was more hydrated than the forearm but with
weaker skin barrier function (Table 2), and it was in line
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with several investigations.'>™'® It was hypothesized that
the keratinocyte size and organization linked with the
skin barrier function.?® In addition, the keratinocyte size
is anatomical region-dependent, leading to our observa-
tion. The red color was prominent for the face, especially
the chin, whereas the forearm had the lowest EI and a*

(Table 2). confirmed our

16,17,19

values Some works

results, and the increased blood circulation of the
face is responsible for these results.”’** The cheek was
the brightest and lightest area on the face, while the chin
was the opposite, representing the least brightness

together with the most pigmentation (Table 2). This facial
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skin color diversity was shown in our previous work?® but
not in a Caucasian population owing to the ethnic
difference.’ Interestingly, the skin color parameters of
the forearm were quite close to those of the cheek
(Table 2), which has also been reported by other
scientists.'®***> Our observation that the cheek had
higher pH values than the other locations was in accord

with the earlier reports.'>'” However, Marrakchi and
Maibach found that the highest pH values were those
ofthe chin, and the cheek and forearm were at moderate
pH levels.'® The substantial amount of sebum content for
the forehead and chin supports the well-known fact that
the sebum distributes in a T-shaped manner on the face.?®
According to the available literature, the regional
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differences of the sebum content are consistent with our
results.”'%'%27 The lowest sebum level which was found
for the cheek might contribute to the increased pH there,
since epidermal lipids exist as non-ionic acid or in the
ionic form depending on the pH.*®

In most studies, researchers considered that the various
skin parameters and age were linearly correlated, and
linear regression or linear correlation coefficient was
used to describe the situation. Nevertheless, a few publica-
tions presented a non-monotonic relationship between
some parameters and age.>’ Instead of the linear regres-
sion model, we chose the generalized additive model to fit
the change trend of skin parameters with age. The general-
ized additive model takes the additive form of nonpara-
metric function to get better model interpretation and
prediction in non-linear regression.”’ This statistical
model has not been applied in the dermatological research
yet. The changes of the skin parameters with age were
different at different sites. Our results revealed that the
TEWL and sebum content for all the tested regions, and
had
a monotonic relationship with age. On the contrary, skin

melanin and erythema indices for the face,
hydration, L, a, b, ITA and pH values for the test regions
and MI and EI values for the forearm exhibited a non-
monotonic relationship. The turning points of these curves
appeared almost at the thirties. The skin hydration, light-
ness and ITA levels were increasing up to the age of 30
and then decreased, while a drop in the skin pH, redness
and yellowness levels occurred in the age range from 30
to 40.

Many people believe that the skin moisture content
diminishes with age, and some researchers supported this
opinion.>'**% In our study, this phenomenon was observed
only for the cheek, but not for the forehead and forearm
which presented curves with the peak at around the age of
35 and 40 years old, respectively (Figure 1A,B,D).
Hydration was largely stable for the chin, with even
a small increasing trend with age (Figure 1C). However,
the difference between the age groups was not statistically
significant, and similar results were obtained in another

9,31
Toas

Chinese population'? and in Caucasian populations
well. Water in the skin can be divided into two phases: free
and protein-combined water. The ageing process impairs
the structure of skin protein resulting in a decrease in
protein-binding water, so our observation might be attrib-
uted to the free water level rather than the total moisture
content of the skin.**> Transdermal water loss is the most

important indicator for the evaluation of the skin barrier

integrity.”> Our study found that the age-related TEWL
level was steady for the chin and forearm, and went upward
for the forehead and downward for the cheek, without
statistical difference (Figure 2). These results correspond
with the study of a German female population.®* It seems
that the skin barrier function is damaged with age, but
controversial findings have been reported regarding the
effect of ageing on TEWL.*® Several studies identified no
association between TEWL and age.'®'®?” However,
a negative correlation of TEWL with age has been revealed
by other researchers.”>*° Discrepancies in the measured
region selection, age groupings, race and geographical loca-
tion might explain these conflicting results. Additionally,
over 90% of the subjects in our study routinely used moist-
urizers which impacted the skin biophysical properties,
especially skin hydration and TEWL, resulting in the lack
of significant difference among age groups.

The sebum content gradually decreased with age for the
face, presenting the least sebum content in the fifties group
compared with the twenties or thirties (Figure 3). Some
previous publications also showed that skin sebum excre-
tion declined after menopause in women, which might be
associated with hormonal change.”'*'®>" The pH plays an
essential role on the cutaneous anti-microbial defense and
regulating the skin barrier function, with a physiological
range of 4.1-5.8.%® We found that the pH value experienced
a drop in the thirties group, went up in the forties and then
decreased (Figure 4). The difference between the forties and
fifties reached statistical significance only for the forehead.
Although the curves were fluctuating, the change trend of
pH with age was descending. This result was in agreement
with the published data that the pH was more alkaline in
older populations.'*'®*® The elevated skin surface pH in
the older subjects could be attributable to the decrease of
sebum content, which is one of the key factors regulating
skin surface pH.?*

Skin color is the major sign related to ageing appear-
ance. We used two systems to determine the skin color
features in this study, and the parameters included MI, EI,
L*a*b* and ITA values. Our results showed that the mel-
anin index increased as a function of age regardless of the
sites, reaching significance at the age of forty and above,
for the cheek (Figure 5). The L* and ITA values, repre-
senting the skin brightness, showed an inverse trend to the
content of melanin and decreased across the lifespan, with
dramatically age-related variation (Figures 7 and 10).
These results are in line with previous studies manifesting
a rise in melanin content with age for the face.”” Skin
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erythema showed a declining trend with age, although the
difference was not remarkable within the age groups
(Figure 6). This decrease could be attributed to lower
blood flow and immunosuppression in the aged skin.*®
The redness a* values displayed a significant rise at the
age of fifty for the chin (Figure 8C and E), which was in
accord with the erythema content increase for the chin
(Figure 6C). The finding described an age-related hemo-
globin deposit area on the face. The yellowness values
enhanced with age and reached the highest at the age of
fifty for all the test sites (Figure 9). The genetic and ethnic
reasons could contribute to this yellowness change trend
with age, as other researchers also came to a similar con-
clusion in Chinese subjects® but not in Indian subjects.*
These data supported that the skin was getting darker with
increasing age, due to intrinsic factors and photo-ageing,
just like the previous studies that were independent of
race,5:9:24.30.39

In summary, this comprehensive research showed that
for the Chinese women skin properties differed between
anatomical regions of face and forearm and changed with
age in these areas. The skin baseline data from the present
study could help dermatologists to better understand the
which will be
conducive to the diagnosis of skin diseases. Moreover,

variances in the skin parameters
precision skin care should be applied to target the indivi-
dual needs of each part of the skin in different age groups.
This contributes to the development of age-specific and
region-specific skin care products, which is attracting more
and more attention in the ageing society with a rising
proportion of elderly people.

Although this is comprehensive study, it has some
limitations. First, the age range was limited to 20-64
resulting in the lack of information from the younger
and older populations with distinctive skin characteris-
tics. Second, the environmental parameters, skin care
habits and life styles were not included in the study,
and the interaction of these factors on the skin properties
could add more valuable information. Third, the sample
size was not big enough to reach a precise fitting model
explaining the correlation between the skin properties
and age.
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