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Abstract

Background: Evidence suggests that sebum content is important in skin disorders such
as acne. However, sebum levels change depending on the external environment, and
quantifying skin sebum levels is challenging. Here, we propose an optimal method for
quantifying the facial sebum level.

Materials and methods: Four hundred and sixty participants (160 males and 300
females) aged 20-40 were enrolled in this study. A Sebumeter SM 810 was used to
measure the sebum level at five facial locations: the forehead, the chin, the left cheek,
the right cheek, and the nose. The participants were divided into two groups; one
group underwent a one-time measurement (n = 390, male: female = 120: 270), and the
other underwent three consecutive measurements (n = 70, male: female = 40: 30). The
casual sebum level (CSL) was measured in all patients after a 30-min acclimatization;
subsequently, the sebum removal process was conducted, followed by a resting period
of 1 h to determine the sebum excretion rate (SER). Spearman’s correlation analysis
and the Wilcoxon signed-rank test were used to compare the sebum level consistency
and differences between the groups.

Abbreviations: CSL, casual sebum level; FDR, false discovery rate; SC, stratum corneum; SER, sebum excretion rate; TEWL, transepidermal water loss; UV, ultraviolet.
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Results: Although three consecutive measurements better reflected the sebum con-
tent, the one-time measurement also represented the relative sebum level. One hour
after sebum removal, the sebum level recovered to 70%-90%,; thus, this method was
applicable for use in SER quantification. Of the five testing points, the sebum content
was highest in the nose and lowest in the cheeks (both left and right). In addition, the
cheeks were the most stable sites in terms of testing points, testing times, and CSL/SER
values. A one-time measurement of the CSL could represent the SER 1 h after the
sebum removal. In our cohort, the sebum level of males with oily skin was decreased
at age 32-35, and that of males with non-oily skin increased at 28-35. The opposite
trend was observed in female participants.

Conclusion: Sebum measurement methods were assessed, including testing times,
indices (interval of time) and sites in a conditioned external environment. A one-time
measurement of the CSL 1 h after sebum removal was sufficient to determine the

sebum level and SER, and the cheeks are recommended as the testing site. Sex and skin

KEYWORDS

1 | INTRODUCTION

Human skin is the largest organ of the integumentary system, cover-
ing almost the entire body. The skin comprises the epidermis, dermis,
and subcutaneous tissue.’~3 Numerous studies have confirmed that
skin, especially the epidermis, functions as a physical barrier to pre-
vent the invasion of foreign pathogens and antigens and regulate the
skin barrier.*® The biophysical parameters that reflect the status of
skin conditions include stratum corneum (SC) hydration, the skin sur-
face pH, epidermal permeability, transepidermal water loss (TEWL),
and sebum content.®~?

Among these biophysical parameters, the skin sebum level was
reported to be significantly associated with skin disorders such as acne,
atopic dermatitis, psoriasis, and rosacea.19-12 One study revealed that
the skin sebum content is higher in dermatitis patients with a history
of contact with sulfur mustard than in healthy people.!* A comparative
study demonstrated that increased sebum levels correlate with facial
pore development in males.> Additionally, increased sebum secretion
can induce acne, and changes in the sebum composition also highly
correlate with acne.'® The skin sebum is an important component of
the skin barrier and plays a critical role in maintaining skin moisture,
reducing TEWL, protecting the skin against the external environment
(e.g., ultraviolet (UV) light), and sustaining skin barrier function.1”-20
Additionally, the sebum content influences the skin microbiome, which
could adversely affect skin conditions and lead to inflammation and
skin disorders.2! Therefore, the sebum level is an important parame-
ter widely used in clinical diagnostics and cosmetic applications.?2-24
However, the skin sebum level is susceptible to changes in response

to the external environment and challenging to measure, various skin

type differences were observed in sebum level changes with age.

casual sebum level (CSL), facial sebum features, sebum excretion rate (SER), sebum measurement

parameters including sebum production can rapidly change by even
minor environmental variation.2> For example, people who exercise or
are exposed to sunlight outdoors might excrete more skin oils. Addi-
tionally, wiping sweat and cleaning the skin surface can dramatically
decrease the lipids on the skin, the excretion of which varies even
throughout a single day.

The sebum level is a necessary index for evaluating cosmetic
or clinical outcomes in the cosmetics industry and clinical practice.
Numerous techniques have recently been developed to measure skin
sebum levels,?427 including visual grading, lipid-sensitive tape, solvent
extraction,?8 absorbent paper pads, and bentonite clay.2? Among these
methods, the Sebumeter developed by Courage and Khazaka GmbH
is a photometric technique widely used due to the ease of operation,
accuracy of results, and low-cost.%° In brief, oils on the skin surface
are absorbed onto lipid-absorbent films, causing the films to become
increasingly transparent as more oils are absorbed; sebum levels are
then quantified by measuring the changes in the film. However, the
lipid absorbent film cannot absorb all the sebum on the skin surface
within 30 s of skin contact performed during device application, and
the testing sites that best represent the facial sebum level remain
controversial. In addition, the sebum excretion rate (SER) measure-
ment process is lengthy and complicated, leading to poor participant
compliance and considerable difficulties in sebum-level investigations,
especially in large cohorts. Thus, a simplified and easy-to-use method
for sebum level measurement could save time and resources when the
sample size is large.

In this study, we aimed to optimize facial sebum measurement meth-
ods in terms of the measurement times, sites, and indices (interval

of time) in a controlled external environment to explore the sebum
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level and excretion rate under certain conditions. We also assessed the
skin sebum levels of different facial features to simplify the measure-
ment procedures. Finally, we used the optimized measurement value
and facial features to define the age- and sex-related characteristics of
sebum dynamics at the initial stage of aging in individuals in Shanghai.

2 | MATERIALS AND METHODS

2.1 | The participants

Four hundred and sixty healthy individuals from Shanghai were
enrolled in this study at the Skin and Cosmetic Research Department,
Shanghai Skin Disease Hospital. There were 300 female participants
(20-35 years of age) and 160 male participants (20-40 years of age).
The female participants were divided into three groups by age (20-25,
26-30, and 31-35 years; 100 individuals per group). The male par-
ticipants were divided into four groups by age (20-25, 26-30, 31-35,
and 36-40 years; 40 individuals per group). The grouped participants
were then further divided by skin type (oily vs. non-oily; 50 female
and 20 male participants per group) according to an 18-item Chinese
version of the Qily Skin Self-Image Questionnaire (0SS1Q).3132 The

participants’ details and demographic data are shown in Table S1.

2.2 | Inclusion and exclusion criteria

All the participants met the following criteria: (1) healthy male sub-
jects aged 20-40 years or healthy female subjects aged 20-35 years;
(2) self-reported oily or non-oily skin type; and (3) had lived in Shang-
hai for at least 5 years. Those who met the following criteria were
excluded: (1) rosacea, seborrheic dermatitis, or moderate or severe
acne; (2) a systematic disease or another disease that affected the
ability to think and make judgments; (3) retinoic acid or benzoyl perox-
ide use within 2 weeks; and (4) isotretinoin or other sebaceous ligand
function-affecting drug use within 6 months.

2.3 | Procedures

The study procedures comprised an initial measurement of the casual
sebum level (CSL) and the subsequent measurement of the sebum
excretion rate (SER) 1 h after sebum removal (Shown in Figure 1).

First, the participants cleaned their faces by themselves using a cer-
tain facial cleanser at least 3 h before arriving at the testing room
and did not apply any skin care products or cosmetics afterward.
The measurements were conducted after a 30-min acclimatization to
the testing room (constant temperature of 20°C + 2°C; humidity of
50% + 5%) to ensure that any sweating had dissipated.

A Sebumeter810 (Courage & Khazaka Electronic GmbH, Cologne,
Germany) was used to measure the participants’ CSL at five facial loca-
tions: the middle of the forehead, the left cheek, the right cheek, the
nose, and the chin. Among the 460 participants, 70 (10 from each

age and sex group) underwent three consecutive measurements at the
same facial location, the relocation of the second and third measure-
ments was precisely within the area of the first time by using a 3M
transparent film to ensure that the tape was not exposed to a fresh part
of the skin.

After the first measurement, the participants cleaned their faces
to remove the total sebum and any remaining impurities using 30%
ethanol on cotton pieces, gently wiping the sebum from the skin until
the Sebumeter reading was below 10 a.u. The participants then rested
in the testing room for 1 h before the second measurement was con-
ducted. The 70 participants who underwent three measurements in
the first round also underwent the same three measurements in the
second round. The remaining 390 participants underwent a one-time
measurement in the first round, and the second measurement repre-
sented the cumulative sebum excreted during the 1 h after the sebum
removal process. The value was divided by the time to yield the SER

value in a.u./min.

2.4 | Determination of the real CSL, real SER,
one-time CSL, and one-time SER values

The sum of the three measurements in the first measurement was con-
sidered the “real CSL” value. The sum of the three measurements in the
second-time measurement was used to determine the sebum excre-
tion rate (“real SER”). Correspondingly, the value of the one-time first
measurement was considered the “one-time CSL” value, the second-
time measurement was used to calculate the sebum excretion rate

(“one-time SER” value).

2.5 | Statistical analysis

An unpaired sample t-test was used to assess differences in the mea-
surement data from the different sex and age groups. Spearman’s
correlation analysis was used to analyze the correlation among the
different testing time groups. Spearman’s correlation analysis was
used to analyze the correlation between the CSL and SER values.
Paired-matched Wilcoxon signed-rank test analyses were performed
to compare different groups in terms of the testing site. A false dis-
covery rate (FDR) was used for multiple testing corrections. A p
value < 0.05 was considered to represent significance. The statistical

analysis results and the plots were all generated by R software and the

R package ggplot2.
3 | RESULTS
3.1 | Evaluating the testing times and controlling

the external confounding factors in measuring the
sebum level

In clinical practice, dermatological clinicians typically take one-

time measurements to simplify the measuring procedures. Three
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FIGURE 1 Flow chart of the measuring procedures.

measurements are recommended to more precisely measure the
sebum levels; however, there is no evidence that three measurements
represent the total value of the sebum level. Thus, we compared the
three measurements to investigate the decreasing rate of the sebum
value. The results showed sebum values decreased 40%—50% after
each test at all locations apart from the nose (Figure S1a, S1b). The
fourth measurement of the sebum value represented less than 10% of
the sum of the four measurements according to the decrease rate, with
a value typically below 20 a.u.; thus, we believe that it is reasonable
to take three measurements within specific location to determine the
relative sebum level of that site.

Another confounding factor in measuring the sebum level is the
external environment the participants are exposed to. Therefore,
acclimatization in a constant temperature and humidity room for 1 h
is ideal for controlling the external environment. We tested the CSL
after acclimatization and compared it to the CSL value of the first-
time measurement. The results indicated that in both the one-time and
three-time measurements, the sebum level recovered 70%-90% 1 h
after sebum removal (Figure Sic, S1d). Therefore, 1 h is reasonable for
sebumrecovery after the sebum removal. This approachis simple and is
not time-consuming and the corresponding CSL and SER values of the

considered groups were shown in Table 1.

3.2 | The best testing area for sebum level
quantification

To find the best testing area that represents the sebum level of the
whole face, sebum samples were taken from five facial areas and the
stability was compared using a paired-matched Wilcoxon signed rank
test (Tables 2 and 3). The nose significantly excreted higher sebum

( A time interval for
L one hour

. Three consecutive measurements,
Measure the sebum excretion rate N=70;
One-time measurement, N = 390

levels than the other tested locations, and the sebum levels of the fore-
head were higher than those of the remaining three locations. The left
and right cheek showed no significant differences and had the lowest
sebum levels (Figure 2A, B). The results suggest that the conventional
U zone (the left and right cheeks) can accurately reflect the sebum
level of the facial skin with stable, lower, and sustainable sebum con-
tent, while the sebum level in the nose varied dramatically; thus, the
nose is not recommended as a testing site. At this stage, we hypothe-
sized that the sebum levels of the cheeks (both left and right sides) may
represent those of the face overall. However, further evaluation of the
performance of the cheeks is required when we correlate the value of

one-time and three-time measurements and the value of CSL and SER.

3.3 | One-time and three-time measurements
equally represent the sebum level

In clinical practice, dermatological clinicians typically take one-time
measurements to simplify the procedure. We investigated whether a
one-time measurement can substitute three measurements in sebum
level determination due to the ease of performing a single measure-
ment and the resource-saving nature of this approach. To evaluate the
possibility of substituting these measurement procedures, a Spearman
correlation analysis was performed using the one-time value (one-
time CSL) and three-time value (real CSL). The results showed that
the one-time CSL and real CSL values significantly correlated in the
left cheek (Figure 3A, R2 = 0.989) and the one-time SER and real SER
(Figure 3B, RZ = 0.985) values also correlated and demonstrated con-
sistent results within the other four testing sites (shown in Figure S2).
Thus, a one-time measurement can represent the sebum level as accu-

rately as performing three measurements. In addition, when comparing
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TABLE 1 The CSL and SER values (measurement taken 1 h after sebum removal) of the groups.

Note: ns, not significant. **** p value < 0.0001. The p value was adjusted by the false discovery rate.

Gender (N) Age group (N) Range Skin type *(N) CSL (a.u.) Mean + SD SER (a.u./min)Mean + SD
Male (160) 20-25 year (40) Qily (20) 133.13 + 97.92 187 + 1.64
Non-oily (20) 75.94 + 49.97 1.09 + 1.22
26-30 year (40) Oily (20) 127.27 + 61.92 1.59 + 0.89
Non-oily (20) 60.73 + 29.36 0.61 + 0.43
31-35 year (40) Oily (20) 143.35 + 57.64 1.67 + 1.10
Non-oily (20) 9374 + 71.21 149 + 141
36-40 year (40) Qily (20) 136.30 + 85.71 1.69 + 1.21
Non-oily (20) 80.60 + 54.09 0.69 + 0.63
Female (300) 20-25 year (100) Qily (50) 92.29 + 54.66 1.05 + 0.86
Non-oily (50) 49.96 + 47.67 0.68 + 0.85
26-30year (100) Oily (50) 96.74 + 62.03 0.95 + 0.88
Non-oily (50) 59.14 + 51.22 0.63 + 0.79
31-35year (100) Qily (50) 83.14 + 51.25 0.95 + 0.89
Non-oily (50) 35.58 + 38.77 0.33 + 0.59
Note: * skin type was defined by OSSIQ. SD, standard deviation. Non-oily skin included dry skin and neutral skin.
TABLE 2 Pairwise Wilcoxon signed-rank test of the five testing points using the value of one-time CSL.
Median1 Median2 Mean1 Mean2 p-value Significance
Chin-Forehead 83 95 100.67 + 69.62 109.47 + 65.88 8.50E-06 e
Chin-Leftcheek 83 70 100.67 + 69.62 85.21 + 66.60 7.80E-13 e
Chin-Rightcheek 83 70 100.67 + 69.62 86.27 + 65.34 1.60E-11 o
Chin-Nose 83 203 100.67 + 69.62 190.08 + 87.05 <2.00E-16 o
Forehead-Leftcheek 95 70 109.47 + 65.88 85.21 + 66.60 <2.00E-16 e
Forehead-Rightcheek 95 70 109.47 + 65.88 86.27 + 65.34 <2.00E-16 o
Forehead-Nose 95 203 109.47 + 65.88 190.08 + 87.05 < 2.00E-16 e
Leftcheek-Rightcheek 70 70 85.21 + 66.60 86.27 + 65.34 6.00E-02 ns
Leftcheek-Nose 70 203 85.21 + 66.60 190.08 + 87.05 <2.00E-16 o
Rightcheek-Nose 70 203 86.27 + 65.34 190.08 + 87.05 <2.00E-16 o
Note: ns, not significant. **** p value < 0.0001. The p value was adjusted by the false discovery rate.
TABLE 3 Pairwise Wilcoxon signed-rank test of the five testing points using the value of one-time SER.
Median1 Median2 Mean1 Mean2 p-value Significance
Chin-Forehead 0.98 1.05 1.19 + 1.00 1.39 + 1.15 1.50E-07 e
Chin-Leftcheek 0.98 0.68 1.19 + 1.00 101 + 1.04 1.20E-10 e
Chin-Rightcheek 0.98 0.68 1.19 + 1.00 1.19 + 1.00 4.00E-09 o
Chin-Nose 0.98 2.03 1.19 + 1.00 229 + 149 <2.00E-16 o
Forehead-Leftcheek 1.05 0.68 1.39 + 1.15 1.01 + 1.04 <2.00E-16 e
Forehead-Rightcheek 1.05 0.68 1.39 + 1.15 1.19 + 1.00 < 2.00E-16 e
Forehead-Nose 1.05 2.03 1.39 + 1.15 229 + 149 <2.00E-16 e
Leftcheek-Rightcheek 0.68 0.68 1.01 + 1.04 1.19 + 1.00 2.00E-01 ns
Leftcheek-Nose 0.68 2.03 1.01 + 1.04 229 + 149 <2.00E-16 o
Rightcheek-Nose 0.68 2.03 1.19 + 1.00 229 + 149 <2.00E-16 o
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FIGURE 2 Evaluating the five testing points. (A) The casual sebum level of the five testing points (one-time CSL). (B) The sebum excretion rate

of the five testing points (one-time SER).
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FIGURE 3 Scatter plots of the one-time and three consecutive measurements, showing Spearman’s correlation coefficient (R2) and the p value
of the left cheek testing point. (A) One-time CSL and real SCL (B) One-time SER and real SER.

the correlations among different testing points, it was found that the
measurements taken on the cheeks exhibited a stronger correlation
compared to the other testing points. As a result, using a single mea-
surement on the cheek could be a more suitable alternative when

considering the value of three-time measurement.

3.4 | One-time CSL represented the real SER after
sebum removal

The real SER was clinically considered closer to the sebum excre-
tion ability. We further performed a Spearman correlation analysis
of the one-time CSL before sebum removal and the real SER and
one-time CSL after sebum removal to investigate the representative

reliability of the two one-time CSL values in relation to the sebum
excretion rate. The one-time CSL after sebum removal (Figure 4B,
RZ = 0.988) performed better than the one-time CSL before sebum
removal (Figure 4A, RZ = 0.803), and consistency was observed across
the other four testing sites (shown in Figure S3). Thus, the one-time
CSL value after sebum removal can represent the true sebum level
as accurately as the real SER, which was in line with the results pre-
viously reported.?’:33 Additionally, when comparing the correlations
among different testing points, we observed that measurements taken
on the cheeks exhibited a stronger correlation compared to other test-
ing points. Therefore, when using a one-time CSL measurement taken
1 h after sebum removal to reflect the overall sebum level of the face,
the cheeks (both left and right sides) could be the most suitable testing
points to consider.
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FIGURE 4 Scatter plots of the one-time CSL and real SER, showing Spearman’s correlation coefficient (R2) and the p value of the left cheek

testing point. (A) Before sebum removal. (B) After sebum removal.
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35 |
aging

Sebum-level dynamics in the initial stage of

Skin aging is an irreversible process that contributes to the loss of
sebum excretion, and the characteristic sebum excretion rate in the
initial stage of aging (aged 20-35) is an important factor for under-
standing, preventing and delaying sebaceous gland alterations during
the skin aging process. To this end, a locally weighted regression
(loess) analysis was performed to investigate the sebum level dynam-
ics with age and sex using the one-time CSL (after sebum removal)
value from the left cheek. The results showed that the sebum level of
men was higher than that of women, both in the oily skin and non-oily
skin groups. Among those with non-oily skin, the sebum level of men
increased with aging and was higher at age 28 than at younger ages,
while this trend was reversed in women (Figure 5A). Regarding those
with oily skin, in men, the sebum showed a decreasing trend at age 32,
while that of women showed a slightly increasing trend (Figure 5B).

4 | DISCUSSION

Lipids on human skin surfaces are critical components of the skin
barrier.3435 Among many sebum level measurement methods, the
Sebumeter has been widely used due to the advantages of simple oper-
ation, accuracy, and good reproducibility. However, in practice, the
30 s of skin contact applied with the Sebumeter tape is insufficient to
fully absorb all of the sebum on the skin. In fact, the first application
of the lipid absorption tape absorbs approximately 34%—60% of the
total sebum.3° Thus, lipid absorption tapes need to be applied multi-
ple times to absorb all the sebum in a given skin area, and multiple test
values at this location are added to obtain the sebum content value.
The repeated use of lipid absorption tapes undoubtedly increases the
difficulty of measurement, especially in large-sample epidemiological
surveys. Although the current clinical measurement methods usually
use one-time tests instead of multiple tests, the feasibility and accuracy
of one-time tests remain to be verified. Additionally, the selection of a
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suitable testing points to reflect the sebum level of the overall face in
a simplified measurement procedure has not been well discussed thus
far.

In this study, the facial sebum level was systematically investigated
using Sebumeter by fully measuring the five testing points and thor-
oughly analyzing the correlation between the one-time and three-time
values, and the CSL and SER. Taking the results together, we concluded
that the one-time value taken 1 h after sebum removal correlated
highly with the real level of sebum excretion rate. Thus, a one-time mea-
surement is suitable for large biosample investigations in epidemiology
studies.

In addition to the testing times, the testing areas representing the
overall facial sebum level remain controversial. Facial sebum levels are
the most intuitive and convenient to measure and are directly related
to facial disorders. However, sebum levels vary greatly across facial
locations, and multisite testing is needed to obtain the full picture of
facial sebum production. Common sites for measurement include the
middle of the forehead, the left and right cheeks, the nose and the chin.
Although multisite measurement can more objectively reflect the facial
sebum level, it complicates the measurement procedure.

Another problem is the measurement of the sebum excretion rate
(SER). Different from the casual sebum level (CSL), SER reflects the
amount of sebum excreted over time, measures individuals’ sebum-
producing ability, and is closely related to the physiological activity of
sebaceous glands, which is important information to determine when
investigating the pathogenesis of sebaceous gland diseases, such as
seborrheic dermatitis and acne.3¢-3? SER determination involves three
steps: cleaning, wiping, and measuring. Cleaning removes sebum and
other substances on the surface of the skin that could interfere with the
measurements. After cleaning and wiping, sebum production is mea-
sured over a period of time (usually 1 h) to determine the SER. The
three steps of SER measurement are complicated, time-consuming,
and are associated with poor volunteer compliance; thus, they are
suitable only for measuring a small number of samples tested in the lab-
oratory/clinic. To this end, we established a strictly controlled sebum
removal process and evaluate an appropriate and shorter time period
for sebum content recovery. In our 1-h setting, clinicians in the test-
ing room utilized cotton pieces soaked in 30% ethanol to conduct the
sebum removal procedure. The sebum was gently wiped from the skin
until the Sebumeter reading was below 10 arbitrary units (a.u.). This
rigorous procedure ensured strict control over the remaining sebum
content and was time-saving compared to the 3-h time interval for
the uncontrolled removal of facial sebum. Furthermore, it is mentioned
that in both the one-time and three-time measurements, the sebum
level demonstrated a recovery of 70%-90% 1 h after sebum removal,
which is consistent with a previous study showing that the sebum level
demonstrated arecovery of 90% 1 h after face washing.*? Based on this
observation, it is suggested that a 1-h time period after sebum removal
is an ideal interval for sebum measurement.

In this study, we recruited 460 healthy participants from Shanghai
and measured five testing sites to investigate the correlation between
SER and CSL: the forehead, left cheek, right cheek, chin, and nose.

All five testing locations demonstrated a relatively high correlation

between CSL and SER, and CSL could represent the SER value to some
extent. In clinical practice, we could measure the CSL as the initial test
and select interested participants for SER measurement according to
CSL values. Among the five testing locations, the correlation coeffi-
cient value between the CSL and SER value was lowest at the nose,
while the cheeks outperformed other testing points. Furthermore, it
was observed that the cheeks exhibited a higher correlation with the
mean value of the five testing points compared to the other three test-
ing points (Figure S4). This finding indicates that the measurements
taken on the cheeks may be more closely associated with the overall
value of the face. We speculated that this phenomenon resulted from
more active sebum secretion at the nose and that the CSL value of
the nose may exceed the normal measurement range of the Sebume-
ter (0—300 a.u.), contributing to the inaccuracy of the measurement of
the nose sebum, thus causing the relatively lower correlation between
CSL and SER, while the values of the other sites were more stable and
reproducible.

Due to the difference in sebaceous gland density, physiological
activity and contact with the external environment, different body
parts greatly differ in sebum excretion abilities.1?2%41 Facial sebum
level measurement typically includes the forehead, left cheek, right
cheek, nose, and chin. To simplify the procedure of sebum measure-
ment in terms of the testing site, we measured the sebum levels of the
five parts of the face and analyzed the differences between the CSL
and SER values. There was no significant difference in the CSL and SER
values between the left and right cheeks. This result suggested that
when determining the CSL and SER values, measuring the left and right
cheeks could provide stable values for facial sebum level quantification.
The sebum level of the nose was significantly higher than that of the
other tested sites and varied differently among individuals; thus, the
nose did not represent the average sebum level of the face.

Numerous studies have focused on skin type classification, and mea-
surement methods for the biophysical properties of the skin have been
developed.*2-45 The methods for sebum level quantification meet the
substantial demand for clinical applications; however, discrepancies
remain.*® Regarding the cosmetics industry, people need personalized
skin care products to achieve better clinical outcomes. In our study,
we investigated the sebum level dynamics of young people (aged 20-
35) and found that the sebum level of youth varied differently by sex
and skin type, although the results need further validation in larger
cohorts. These results provide novel insights for guiding the develop-
ment of cosmetic products in consideration of sebum levels. However,

large-scale validation is needed to strengthen our findings.

5 | CONCLUSION

We optimized the methods and procedures used for facial sebum
measurement from the following three aspects: testing times, indices
(interval of time) and sites. We constructed a complete set of facial
sebum measurement schemes through large-sample validation. In
large-scale facial sebum measurement studies, a one-time measure-

ment of the forehead (or chin) and left cheek (or right cheek) CSL values
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can be used to characterize individual facial sebum levels. Specifi-
cally, when using a one-time CSL measurement taken 1 h after sebum
removal to reflect the overall sebum level of the face, the cheeks (both
left and right sides) were the most suitable testing points to consider.
The establishment of this method is of great significance for conducting
large-scale investigations into facial sebum phenotypes and further-
ing our understanding of the population characteristics regarding facial
sebum. This one-time measurement method is also simple to perform

and is less time-consuming for clinical applications.
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