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Women 
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Background: Previous studies on the age-, climate, and skin 
care habit-related changes of biophysical parameters have 
mainly focused on Caucasians, and studies on Asians are in 
paucity. Objective: This study was aimed to investigate the 
variations of cutaneous biophysical parameters in Chinese 
and Korean women (northeast Asians) and to assess the asso-
ciation between those parameters and age, climate, and cos-
metic habits. Methods: A cross-sectional study included 361 
healthy Chinese and Korean women between 18 and 49 
years of age in 4 cities (Guangzhou, Nanjing, and 
Shijiazhuang in China, and Suwon in Korea). We measured 
skin surface temperature, hydration, transepidermal water 
loss (TEWL), sebum, elasticity, skin pore, wrinkle, and skin 
tone (brightness) using non-invasive instruments. Demo-
graphic profiles and cosmetic habits were assessed using a 
questionnaire. Results: Skin elasticity and tone decreased, 
and pore size and wrinkle increased with age. Subjects in 
Suwon (Korean) showed higher hydration level, lower TEWL 
and lower sebum, less severe wrinkle and brighter skin than 
those in the 3 cities in China. After adjusting for age and re-
gion, using sunscreen everyday, wearing base makeup dai-
ly, and using moisturizers improved hydration, TEWL, and 

elasticity significantly. Conclusion: Women in Suwon (Korea) 
were found to have a better profile of biophysical parameters 
than women in the 3 Chinese cities, which might be attrib-
uted to cosmetic habits, besides age and climatic factors. The 
fact that appropriate cosmetic habits are associated with fa-
vorable skin biophysical parameters underscores the im-
portance of daily skin care routine in preserving skin 
functions. (Ann Dermatol 31(2) 175∼185, 2019)
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INTRODUCTION

Skin is the largest and outermost human organ, and plays 
various important functions, such as forming a protective 
barrier to exogenous factors, modulating the passage of 
the water and electrolytes, and thermoregulation1-3. Various 
internal and external factors can affect functional state of 
skin, and biophysical parameters which are measured us-
ing commercial non-invasive methods are known to re-
flect the changes of skin conditions2,4. Understanding the 
changes in biophysical characteristics of the skin may be 
useful for developing a proper approach to skin care and 
to predict and manage skin diseases3,5,6. Although there 
are a few previous studies on the age-4-15, climate-1,16, and 
skin care habit-related2,8 changes in biophysical parame-
ters of Caucasian women, there are a limited number of 
reports for Asian women. This study aimed to investigate 
the variations of biophysical parameters in Chinese and 
Korean women (northeast Asians) and to assess the associ-
ation between these parameters and age, climate, and cos-
metic habits. 

http://crossmark.crossref.org/dialog/?doi=10.5021/ad.2019.31.2.175&domain=pdf&date_stamp=2019-3-25
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Fig. 1. The location of 4 cities on 
the map.

Table 1. Geographic information of 4 cities and climatic information during the study period* 

City (country) Longitude Latitude Mean temperature (oC)† Relative humidity (%) Wind speed (km/h)‡

Guangzhou (China) 113o15'0"E 23o7'0.01"N 16.7±2.8 (10, 25) 79.6±9.7 (38, 100) 8.4±4.6 (2.3, 22.5)
Nanjing (China) 118o46'40.01"E 32o3'42.01"N 16.0±2.0 (11, 23) 81.5±13.5 (31, 100) 6.3±3.3 (2.3, 16.8)
Shijiazhuang (China) 114o28'43"E 38o2'29"N −1.8±1.8 (−11, 10) 70.2±17.6 (8, 100) 3.1±1.3 (1.8, 6.0)
Suwon (Republic of Korea) 127o0'32"E 37o17'28"N −0.5±3.4 (−11, 11) 74.1±12.9 (24, 100 ) 6.5±1.7 (2.8, 10.8)

Values are presented as mean±standard deviation (minimum, maximum). *Data were obtained from following websites: http:// 
latitudelongitude.org, https://www.timeanddate.com. †A mean value of the mean of daily temperature. ‡A mean value of the simple
scalar mean of daily wind speed.

MATERIALS AND METHODS
Study subjects

As representatives of northeast Asia, 3 east cities (Guang-
zhou, Nanjing, and Shijiazhuang) in China and Suwon in 
Republic of Korea were selected (Fig. 1). Guangzhou and 
Nanjing were selected as warm cities, and Shijiazhuang 
and Suwon as cold cities. In each temperature group, 
Nanjing and Suwon were selected as humid cities, 
Guangzhou and Shijiazhuang as dry cities. The data were 
obtained between December 21, 2015 and January 15, 
2016. Geographic data of the 4 cities and climatic informa-
tion during the study period are summarized in Table 1. 
The study aimed to recruit more than 80 healthy women 
from each city. In each city, at least 20 women were re-
cruited by each age group: 18∼21 years, 22∼25 years, 
26∼37 years, and 38∼49 years. Since the study was de-
signed for the purpose of developing skin care products 
for certain social stages of life, age group was divided into 

college years, early employment years, mid-twenties to 
late-thirties, and late-thirties to just before 50 years of age. 
All subjects had lived in each city for at least 5 years. 
Subjects who were pregnant, lactating, or planning a preg-
nancy were excluded. None of the subjects had significant 
skin disorder, had taken any medications that could inter-
fere with the study results, or had undergone any skin 
treatments (i.e., chemical peel, or laser treatments) within 
6 months prior to the study. Finally, a total of 361 healthy 
Chinese and Korean women between 18 and 49 years of 
age in 4 cities were enrolled. This study was approved by 
the Institutional Review Board at IEC Korea (No. IECK 
(1)-IRB-15-K254443) and was conducted with strict adher-
ence to the Declaration of Helsinki Principles.

Study protocol

Guangzhou and Nanjing (grouped as warm cities) showed 
higher mean temperature than Shijiazhuang and Suwon 
(grouped as cold cities) (p=0.000). In each group, Nanjing 
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was more humid than Guangzhou (p=0.000), and Suwon 
was more humid than Shijiazhuang (p=0.000).
On the visit day, volunteers were required not to apply 
any cosmetics on their face. Once volunteers visited, skin 
surface temperature was taken from the cheek and fore-
head without acclimatization. Then they were instructed 
to read the research protocol that explained the study pro-
cedure before giving informed consent. They were requir-
ed to complete a questionnaire to assess demographic 
profiles and use of cosmetics. Then, they washed their 
face with warm water without any cleansers or soap, and 
measurements were performed by multiple non-invasive 
devices for the following parameters: hydration, transepi-
dermal water loss (TEWL), sebum, elasticity, skin pore, 
wrinkle, and skin tone (brightness). All study protocols 
were implemented in an environment-controlled room 
(temperature, 22oC±2oC and relative humidity, 50%±10%).

Measurements

Skin surface temperature was measured using a non-con-
tact infrared thermometer. Skin electrical capacitance was 
measured using a Corneometer CM825 (Courage+Khaza-
ka Electronic, Cologne, Germany), shown in system-spec-
ific arbitrary units (AU). This parameter was used to esti-
mate the hydration level of stratum corneum. Higher val-
ues mean higher hydration level. TEWL was measured us-
ing Vapometer (Delfin Technologies, Kuopio, Finland), ex-
pressed in g/m2. Higher values mean more water loss 
through the epidermis. Measurements of hydration and 
TEWL were performed 3 times from the cheek and forehead, 
and the average was calculated for each region. Sebum 
output was measured using a Sebumeter SM810 (Cour-
age+Khazaka Electronic GmbH), expressed in μg/cm2. 
Higher values mean more sebum secretion. The collection 
was performed once, each from the cheek and forehead. 
Skin elasticity of the cheek was measured by Cutometer 
MPA580 (Courage+Khazaka Electronic GmbH), a suction 
chamber device. R2, Ua/Uf, is considered as the main pa-
rameter that represents the skin’s ability to regain its initial 
position after deformation and was most often used in pre-
vious studies1. Values close to 1 mean high elasticity. Skin 
pore area, wrinkle, and skin tone (brightness) were meas-
ured using Janus (PSI, Seoul, Korea), expressed in a 
100-percentage scale17-20. Photographs of faces were taken 
at 3 different angles (frontal, left lateral, and right lateral) 
with a 10 megapixel ultra-high resolution camera, and 
were analyzed using built-in image analysis software. The 
extent of pore widening was assessed from forehead, 
nose, and both cheeks, and the degree of skin wrinkles 
was assessed from the crow’s feet. The average of red, 
green, and blue values of the cheeks, nose, eyes, and fore-

head was calculated and converted to a 100-point skin 
tone grading. Higher values mean more pore widening, 
severe wrinkles, and brighter skin. 

1) Statistical analysis

Temperature and humidity comparison between 4 cities 
were made using the generalized estimating equation. 
Simple linear regression was performed to assess the asso-
ciation between biophysical parameters and age. Group 
comparison was made using the one-way (analysis of var-
iance) ANOVA and post-hoc pairwise comparison (Sc-
heffe method) was performed in each group comparison 
for continuous variables (biophysical parameters). For or-
dinal variables (cosmetic habit items), Mann-Whitney test 
was used for group comparison. Age- and region-adjusted 
multiple linear regression was performed to assess the as-
sociation between biophysical parameters and cosmetic 
habits. p-value less than 0.05 was considered statistically 
significant. Data were summarized using mean (standard 
deviation) for continuous variables and frequency (per-
centage) for numerical variables. Statistical tests were per-
formed using IBM SPSS Statistics ver. 19.0 (IBM Co., 
Armonk, NY, USA).

RESULTS
Biophysical parameters according to age 

Variations of biophysical parameters according to age are 
shown in Fig. 2 and Supplementary Table 1. Skin surface 
temperature, hydration, TEWL, and sebum excretion show-
ed values of determination coefficient (R-squared, R2) less 
than 0.1 (Fig. 2A∼D). Skin elasticity and tone decreased, 
and skin pore and wrinkle increased with age (Fig. 2E∼H); 
among the 4 parameters, wrinkle showed the largest deter-
mination coefficient (R2=0.455) (Fig. 2F∼H).

Biophysical parameters according to geographical region

Variations of biophysical parameters according to region 
are shown in Fig. 3 and Table 2. Skin surface temperature 
of the cheek and TEWL were lower in Suwon than the 3 
cities in China (Fig. 3A, C). Nanjing and Suwon, which are 
more humid in each temperature group, showed much 
higher hydration level (Fig. 3B). 
Sebum output was higher in warm cities than cold cities 
(Fig. 3D). Skin elasticity and pore size were not signifi-
cantly different among 4 cities (Fig. 3E, F). The severity of 
wrinkle was the mildest and skin tone the brightest in 
Suwon among the 4 cities (Fig. 3G, H).

Cosmetic habits according to country

All assessed cosmetic habits were significantly different 
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Fig. 2. Variation of biophysical parameters according to age. (A∼D) Skin surface temperature, hydration level, transepidermal water 
loss (TEWL), and sebum excretion showed very weak strength of determination coefficient (R-squared, R2). (E, F, and H) Skin elasticity 
and skin tone decreased and skin pore increased with age, and they showed weak strength of determination coefficient. (G) Wrinkle 
incresed with age and showed moderate strength of determination coefficient.
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Fig. 3. Variation of biophysical parameters according to geographical region. (A, C) Skin surface temperature of the cheek and 
transepidermal water loss (TEWL) were lowest in Suwon compared to the 3 cities in China. (B) Hydration level was higher in warm 
cities (Guangzhou and Nanjing) than cold cities (Shijiazhuang and Suwon); in each city group, Nanjing and Suwon, cities which 
are more humid, demonstrated much higher hydration level. (D) Sebum excretion was higher in warm cities than cold cities. (E, 
F) Skin elasticity and pore size were not significantly different among the 4 cities. (G, H) The severity of wrinkle was the mildest 
and skin tone brightest in Suwon compared to the 3 cities in China. **p＜0.01, ***p＜0.001. Error bar indicates a 95% confidence 
interval.
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Table 2. Age and biophysical parameters according to geographical region

Parameters Guangzhou (n=92) Nanjing (n=86) Shijiazhuang (n=95) Suwon (n=88) p-value

Age (yr) 28.9±9.1 29.1±9.5 28.4±9.4 30.4±9.5 0.516
Temperature (oC)

Cheek 34.5±3.2 33.9±3.8 35.9±0.6 30.7±4.1 0.000***
Forehead 36.5±0.3 36.5±0.3 36.5±0.2 36.1±0.6 0.000***

Hydration (AU)
Cheek 50.7±9.6 57.5±7.9 46.0±8.3 56.8±9.1 0.000***
Forehead 51.2±10.1 57.6±9.5 52.9±9.0 59.5±8.2 0.000***

TEWL (g/m2)
Cheek 17.9±4.0 18.1±5.0 16.7±3.9 14.6±3.1 0.000***
Forehead 18.9±3.4 20.1±4.0 17.7±3.9 15.7±2.7 0.000***

Sebum (μg/cm2)
Cheek 102.1±68.4 145.5±79.1 43.4±23.1 44.7±26.9 0.000***
Forehead 210.9±104.0 246.5±95.7 92.3±54.0 101.7±53.5 0.000***

Elasticity (R2) 0.6±0.1 0.5±0.2 0.6±0.1 0.6±0.1 0.140
Pore size (%) 40.6±9.1 40.1±10.4 43.8±10.2 42.0±10.6 0.060
Wrinkle (%) 10.5±6.5 12.6±7.6 15.0±11.1 8.3±5.1 0.000***
Skin tone (%) 57.3±2.9 59.0±3.1 57.9±3.1 59.7±2.8 0.000***

Values are presented as mean±standard deviation. AU: arbitrary units, TEWL: transepidermal water loss. ***p＜0.001.

Table 3. Cosmetic habits according to country 

Cosmetic 
habits

Chinese (Guangzhou, 
Nanjing, and Shi-
jiazhuang; n=273)

Korean 
(Suwon;
n=88)

p-value

Frequency of sunscreen usage 0.001**
Never 12 (4.4) 1 (1.1)
Sometimes 160 (58.6) 36 (40.9)
Always 101 (37.0) 51 (58.0)

SPF index of sunscreen of usage† 0.000***
≤15 7 (2.6) 1 (1.1)
16∼30 110 (40.3) 11 (12.5)
31∼49 44 (16.1) 23 (26.1)
≥50 41 (15.0) 42 (47.7)

PA index of sunscreen of usage‡ 0.002**
0 2 (0.7) 0 (0)
+ 23 (8.4) 1 (1.1)
++ 81 (29.7) 28 (31.8)
+++ 66 (24.2) 37 (42.0)

Daily base makeup 0.015*
No 34 (12.5) 3 (3.4)
Yes 239 (87.5) 85 (96.6)

Types of moisturizer of usage 0.001**
No or toner 

only
15 (5.5) 1 (1.1)

Light 65 (23.8) 9 (10.2)
Heavy 193 (70.7) 78 (88.6)

Values are presented as presented as number (%). SPF: sun 
protection factor, PA: protection grade of ultraviolet A. *p＜0.05,
**p＜0.01, ***p＜0.001. †Data available in 202 Chinese and
77 Korean patients. ‡Data available in 172 Chinese and 66 
Korean patients.

between Chinese (Guangzhou, Nanjing and Shijiazhuang) 
and Korean (Suwon) women (Fig. 4, Table 3). Korean 
women significantly used sunscreen more frequently than 
Chinese women (Fig. 4A). Furthermore, Korean women 
used sunscreen with higher sun protection factor (SPF) and 
protection grade of ultraviolet A (PA) index compared to 
Chinese women (Fig. 4B, C). A majority of subjects were 
wearing base makeup daily, with a higher percentage in 
Korean women (base makeup means wearing a skin cover 
material, such as foundation, blemish balm cream, or 
compact) (Fig. 4D). The type of moisturizer was classified 
into 3 categories: 1) no use or toner only; 2) light moistur-
izers, lotion only or a combined use of toner and lotion; 3) 
heavy moisturizers, cream only, or a combined use of to-
ner and cream, lotion and cream, or toner, lotion, and 
cream. Korean women used heavier moisturizers than 
Chinese women (Fig. 4E). 

Influence of cosmetic habits on biophysical parameters

By performing multiple regression, the association bet-
ween cosmetic habits and biophysical parameters (values 
measured in cheek were chosen) was assessed after ad-
justing for age and geographical region (Supplementary 
Table 2). Marginal mean was calculated and is shown in 
Fig. 5. Either subjects who used sunscreen sometimes or 
everyday showed significantly lower sebum excretion 
than subjects who never used sunscreen (p=0.028 and 
p=0.010, respectively) (Fig. 5A). Skin elasticity was sig-
nificantly higher in subjects who used sunscreen every-
day than subjects who never used sunscreen (p=0.037) 
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Fig. 4. Cosmetic habits according to geographical region. (A∼C) Subjects in Suwon had the greatest tendency to use sunscreen everyday 
and to use sunscreen with high SPF and PA index. (D) A majority of the subjects were shown to wear base makeup daily, with 
the highest percentage in Suwon. (E) Subjects in Suwon tended to use heavier moisturizers than the 3 cities of China, such as a 
combined use of toner and cream, or toner, lotion, and cream. T: toner, C: cream, L: lotion. SPF: sun protection factor, PA: protection 
grade of ultraviolet A.

(Fig. 5A). Subjects who wore base makeup daily showed 
higher hydration level and lower TEWL than subjects who 
did not (p=0.004 and p=0.005, respectively) (Fig. 5B). 
Either the subjects who used light moisturizers or those 
who used heavy moisturizers showed more hydration and 
lower TEWL than subjects who never used moisturizers or 
used toner only (p=0.001 and p=0.036 for hydration and 
TEWL, respectively, between light moisturizer group and 
no use or toner only group; and p=0.001 and p=0.001 
for hydration and TEWL, respectively, between heavy mois-
turizer group and no use or toner only group) (Fig. 5C). 
However, the difference of hydration and TEWL between 

light and heavy moisturizers was not statistically signi-
ficant (p=0.693 and p=0.05, respectively). Skin elasticity 
was significantly higher in subjects who used heavy mois-
turizers than either the subjects who never used moistur-
izers or used toner only, or those who used light moistur-
izers (p=0.002 and p=0.036, respectively) (Fig. 5D). Other 
biophysical parameters had no statistically significant cor-
relation with cosmetic habits.

DISCUSSION

Several Asian studies have investigated association be-
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Fig. 5. Variations of biophysical parameters according to cosmetic habit. (A) Use of sunscreen either sometimes or everyday was 
associated with low sebum excretion. Use of sunscreen everyday was related to high elasticity. (B) Wearing base makeup daily was 
linked to high hydration level and low transepidermal water loss (TEWL). (C) Either use of light or heavy moisturizers was associated 
with high hydration level and low TEWL, with no significant difference between the two types of moisturizers. (D) Use of heavy 
moisturizers was related to high elasticity. *p＜0.05, **p＜0.01, †Include use of lotion only, and a combined use of toner and lotion, 
‡Include use of cream only, and a combined use of toner and cream, lotion and cream, and toner, lotion, and cream. Error bar 
indicates a 95% confidence interval.

tween cutaneous biophysical parameters and age, climate, 
or skin care habits, but most studies have included only 
small number of participants who are from a one nation2,6,16. 
Our study is the first study that investigated biophysical 
parameters in a large number of Korean and Chinese 
women (northeast Asian). 
Although both Suwon and Shijiazhuang showed similar 
low mean temperature, skin surface temperature, espe-
cially the values measured in the cheek, was significantly 
lower in Suwon. Given that wind can contribute to sur-
face temperature lowering when ambient temperature is 
low21, the wind of Suwon which is twice stronger than 
Shijiazhuang could have lowered the skin surface temper-
ature more than in Shijiazhuang. However, forehead cool-
ed less than cheek owing to high vascularity and thin sub-
cutaneous fat layer21,22. Abundant fat tissues in the cheek 
could have limited heat transfer from the deep tissues to 
the skin21,22.

Hydration of the stratum corneum is important for main-
tenance of the skin barrier6,23,24. In the present study, hy-
dration level showed no significant difference according 
to age. The results of previous studies are controversial: 
some authors found no relation between skin hydration 
and age7-9; in contrast some others found hydration varia-
tion with age5,6,10. Most of the latter revealed that hydra-
tion level rapidly decreased in the ages of 60∼80s, which 
was not a continuous decrease with age. Overall, given 
the relatively young age (less than 50 years) of subjects in 
this study, hydration level does not appear to be influ-
enced by aging, at least in the young ages. According to a 
previous study, hydration level has a positive correlation 
with temperature and relative humidity16. That can be an 
appropriate explanation for our results: hydration level 
was higher in humid cities. 
TEWL is a well-known in vivo indicator of skin barrier 
function25,26. Although there have been a few controver-
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sies regarding the association of TEWL and aging, many 
authors found no significant relation between them, which 
is consistent with our results5,10. Furthermore, TEWL has 
been known to have negative correlation with temper-
ature and relative humidity16. However, in the present 
study, Suwon showed conspicuously lower TEWL than 
the 3 cities in China. This implies that habits or ethnicity 
could have an impact besides climate. Subjects in Suwon 
had a tendency to use heavy moisturizers and showed the 
highest percentage of women wearing base makeup daily. 
Some previous studies has reported that skin sebum ex-
cretion is reduced after menopause in women6,11,12, which 
could be linked to hormonal influence. However, almost 
all of the subjects in this study were in pre-menopause 
state, and there was no significant difference in sebum ex-
cretion according to age group. In comparison between 
cities, warm cities showed higher sebum content27. How-
ever, the difference of sebum excretion due to humidity 
difference in each city group was small, which differs from 
the results of the previous study16. Women who used sun-
screen showed lower sebum output than women who 
never used one. This could be more likely due to the low 
usage of sunscreen by those who have oily skin, rather 
than a direct sebum-reducing effect of sunscreen.
Although the skin elasticity and tone decreased and pore 
and wrinkle increased with age, wrinkle showed the most 
distinct change according to age. Wrinkle seems to be the 
most representative parameter which reflects skin aging. 
There is a possible explanation that variations of biophy-
sical parameters including elasticity, pore size, and skin 
tone with aging are ultimately linked to a change in skin 
appearance, i.e., wrinkle. 
In comparison of the 4 cities, Women in Suwon showed a 
better profile of biophysical parameters than women in 
China. Women in Suwon showed higher levels of hydra-
tion and lower levels of TEWL and sebum. Also, wrinkle 
and skin tone values were notably better in the subjects in 
Suwon than those in the 3 cities of China. In terms of hab-
its, women in Suwon had a tendency to use heavy mois-
turizers, to use sunscreen everyday, and to use sunscreen 
with high SPF and PA indices. Given the results of the cur-
rent study demonstrating that cosmetic habits such as us-
ing sunscreen and moisturizers, and wearing base makeup 
daily improved several biophysical parameters regardless 
of climates or geographic regions2,28,29, habits of using cos-
metics in women in Suwon might have contributed to the 
better profiles of biophysical parameters15,30,31.
There have been various studies investigating various fac-
tors that could influence the biophysical parameters other 
than age, climatic factors, or cosmetic habits: body re-
gion5,10,13,30, seasonal and daytime variation1,16, daily out-

side activities2, water consumption2, sensitive skin31, di-
et31, or detergents32. Also, some details of cosmetic habits 
which were not collected in this study, such as the amo-
unt or frequency of application, could influence biophy-
sical parameters. Moreover, socioeconomic status, educa-
tional level, or occupation could additionally affect the 
parameters.
The study is a cross-sectional study and therefore cannot 
imply causation. With respect to some cosmetic habits, 
the number of subjects who had a particular sub-item of 
habits (e.g., subjects who never used sunscreen, who used 
no moisturizers or used toner only, who used SPF≤15 
sunscreen, or who used PA 0 sunscreen) was relatively 
small that bias could interfere in group comparison. How-
ever, the results can be understood all together as an over-
all increasing or decreasing tendency of biophysical pa-
rameters according to the changes in other sub-items of 
habits where subjects are sufficient in number. Moreover, 
the present study has several strengths: (1) a relatively 
large number of northeast Asian women were enrolled; (2) 
objective biophysical parameters were compared between 
Chinese and Korean women, which demonstrated that 
cosmetic habits were significantly associated with the dif-
ferences in these parameters. 
In conclusion, we demonstrated that Korean women (Su-
won) have a higher hydration level, lower TEWL and se-
bum, less severe wrinkle and brighter skin tone than the 3 
cities in China (Guangzhou, Nanjing, and Shijiazhuang). 
These could be attributed to cosmetic habits, besides age 
and climatic factors. An appropriate use of cosmetics, 
such as using sunscreen with high SPF and PA index ev-
eryday and using moisturizers, could help to improve skin 
functions. 
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Supplementary Table 1. Simple linear regression of age for 
biophysical parameters 

Dependent variable R-squared B t p-value

Temperature (oC)
Cheek 0.032 35.891 56.795 0.000***
Forehead 0.019 −0.006 −2.633 0.009**

Hydration (AU)
Cheek 0.006 0.080 1.425 0.155
Forehead 0.006 0.082 1.497 0.135

TEWL (g/m2)
Cheek 0.003 −0.025 −1.053 0.293
Forehead 0.019 −0.056 −2.610 0.009**

Sebum (μg/cm2)
Cheek 0.026 −1.196 −3.091 0.002**
Forehead 0.043 −2.306 −3.994 0.000***

Elasticity (R2) 0.126 −0.005 −7.190 0.000***
Pore size (%) 0.297 0.591 12.330 0.000***
Wrinkle (%) 0.455 0.600 17.314 0.000***
Skin tone (%) 0.141 −0.124 −7.663 0.000***

R-squared: determination coefficient, B: unstandardized regres-
sion coefficient, t=B/standard error, AU: arbitrary units, TEWL: 
transepidermal water loss. **p＜0.01, ***p＜0.001.
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Supplementary Table 2. Association between cosmetic habits and biophysical parameters after adjusting for age and geographical
region

Hydration (AU) TEWL (g/m2) Sebum (μg/cm2) Elasticity (R2, ratio)

Beta p-value Beta p-value Beta p-value Beta p-value

Frequency of sunscreen usage
Never (Reference) (Reference) (Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Sometimes −0.104 0.401 −0.149 0.276 −0.246 0.028* 0.254 0.058
Always 0.107 0.389 −0.208 0.129 −0.289 0.010* 0.281 0.037*

Daily base makeup
No (Reference) (Reference) (Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Yes 0.134 0.004** −0.142 0.005** 0.025 0.589 0.054 0.284

Types of moisturizer of usage
No or toner only (Reference) (Reference) (Reference) (Reference) (Reference) (Reference) (Reference) (Reference)
Light 0.333 0.001** −0.222 0.036* −0.135 0.124 0.199 0.055
Heavy 0.336 0.001** −0.348 0.001** −0.158 0.072 0.329 0.002**

AU: arbitrary units, TEWL: transepidermal water loss, Beta: standardized regression coefficient. *p＜0.05, **p＜0.01.


