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A cross-sectional study of Chinese
women facial skin status

with environmental factors

and individual lifestyles

FanYi'*, Xiao-xiao Yang', Ru-yaYang!, Meng-meng Zhao?, Yin-mao Dong?, Li Li?, Yi-fan He?,
Miao-miao Guo?, Jing Li?, Xiao-hui Zhang?, Zhi Lu3, Jie Gu?, Jing-lin Bao® & Hong Meng!

Geographical, environmental and pollution conditions affect facial skin health, but their effects on
skin appearance have not been elucidated. This study aimed to describe the skin barrier and skin

tone characteristics of Chinese subjects according to lifestyle and environmental conditions using

in vitro measurements. In total, 1092 women aged 22-42 years were recruited from 7 representative
Chinese cities. Eight skin parameters (hydration, sebum, pH, transdermal water loss, individual type
angle, melanin index, erythema index, yellowness) were measured using noninvasive instruments;
individual lifestyle data were also collected. Data on four meteorological factors (air temperature,
relative humidity, sunshine duration, wind speed) and seven air pollution indicators (air quality

index, fine particulate matter, breathable particulate matter, sulfur dioxide, nitrogen dioxide, carbon
monoxide and ozone) were collected in each city from the China Meteorological Administration. Facial
skin characteristics differed significantly between cities. Facial skin barrier characteristics and skin
tones showed regional differences, with a better skin barrier associated with the western region, as
indicated by high skin hydration and sebum secretion and a low pH value. According to the value of
transdermal water loss, lighter and darker skin tones were found in the western and southern regions,
respectively. Environmental conditions affected facial skin status. Air pollution induced facial skin
issues, with fine particulate matter and nitrogen dioxide contributing the most. Individual lifestyles
affected the facial skin barrier and skin tone.

Facial skin status can reflect the skin characteristics of an individual and reveal health status'->. In recent years,
the development of non-invasive skin assessment instruments has made it possible to assess the skin status of
volunteers in vitro. “Exposome” characterizes the total exposure of a person from conception to death. The key
elements of the exposome influencing skin aging have been determined by epidemiological, in vitro, ex vivo and
clinical studies*. However, the exposure effects of the facial skin barrier and skin tone have not received major
attention, and a large-scale cross-sectional study of the exposome effect in Chinese populations is lacking. In this
study, we evaluated the skin barrier and tone of Chinese women using a non-invasive instruments, and eight skin
parameters (hydration, sebum, pH, transdermal water loss, individual type angle, melanin index, erythema index,
yellowness) were measured (Table 1). Evidence for the effect of exposure on skin status in Chinese populations
was provided through this cross-sectional study.

China is a vast country with a wide range of latitudes and longitudes, which can be split into North China,
Central China, East China, South China, Southwest, Northeast and Northwest according to the general geo-
graphical division in public health studies®®. Due to differences in geographical locations, natural conditions
and living habits, the skin characteristics of people are significantly different’~. Dr. Liu measured skin colour
characteristics in female volunteers from Guangzhou, Shanghai, Chengdu and Beijing, China between 2006
and 2007'%!, Kim et al. analysed the facial skin status, elasticity and wrinkles of female volunteers from Beijing,
Shanghai, Guangzhou and Wuhan'% However, there are few studies for the overall regional facial skin status
portrayal to our knowledge. The existing studies on skin status in different regions of China are not detailed and
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Abbreviation

‘ Parameter meaning Measure equipment and specifications

Sect. 1 Abbreviation, meaning and measurement equipment of skin parameters

Skin moisture content, a higher CM value indicates better

CM (a.u.) skin hydration Corneometer CM 825

TEWL (g/m*h) Transdermal water loss content, Tewameter TM300
Sebum secretion content, too high or too low SM value

SM (pg/cm?) affects the normal barrier function of epidermis and lead to | Sebumeter SM815
skin problems

pH Skin pH, normal skin has a pH of 4.5 to 6.5 Skin-pH-Meter PH905

MEXA (a.0) Melanm content, a larger MEXA value indicates more Mexameter MX18
pigmentation of the skin

ERYTH (a.u) Erythma content, a larger ERYTH value indicates more Mexameter MX18
Haem content of the skin

. " -

b* (a) Sk}n yellowness, a larger b* value indicates more yellow Colorimeter CL400
skin tone
Individual type angle, a composite indicator of skin colour

ITA (°) from the CIE-L*a*b* colour system. A larger ITA value Colorimeter CL400
indicates lighter skin tone

Abbreviation Factor meaning Source

Sect. 2 Abbreviations, meanings and sources of the meteorological factors

Air temperature (°C)

Air temperature, which is the average value of the data col-
lected 28 days prior to testing

RH (%)

Relative humidity, which is the average value of the data
collected 28 days prior to testing Ministry of Ecology and Environment: https://www.mee.

Wind speed (m/s)

Wind speed, which is the average value of the data collected gov.cn/
28 days prior to testing

Sunshine duration (h)

Sunshine duration, which is the average value of the data
collected 28 days prior to testing

Sect. 3 Abbreviations, meanings and sources of the air pollution data

AQI

Air quality index, which is the average value of the data col-
lected 28 days prior to testing

PM, 5 (ug/m®)

Fine particulate matter, which is the average value of the
data collected 28 days prior to testing

PM,, (ug/m?)

Breathable particulate matter, which is the average value of
the data collected 28 days prior to testing

SO, (ug/m?) Sulfur dioxide, which is the average value of the data col- | Ministry of Ecology and Environment: https://www.mee.
218 lected 28 days prior to testing gov.cn/
CO (mg/m?) Carbon monoxide, which is the average value of the data
8 collected 28 days prior to testing
NO, (ug/m?) Nitrogen dioxide, which is the average value of the data

collected 28 days prior to testing

0;_8 h (ug/m?)

Ozone, which is the average value of the data collected
28 days prior to testing

Table 1. Abbreviation, meaning and measurement equipment/sources of the parameters.

precise, with the insufficient scale and scope of non-invasive skin evaluation, and the research indicators mostly
focusing on facial skin ageing and skin tone'®*2. Thus, seven typical cities in each region were selected (Beijing,
Wauhan, Shanghai, Guangzhou, Chengdu, Shenyang and Xi’an) based on the city’s geographical location, politi-
cal, economic and cultural influence, in order to measure and describe the facial skin status of Chinese women
in the different regions (Fig. 1b).

Differences in sex'?, age', geographical environments'>~'%, and lifestyles'®-*!, among other factors, will lead
to different facial skin characteristics?2. However, the association of facial skin status with environmental factors
and individual lifestyles is unclear. Current studies have concerned on the molecular, cellular and microbiome
levels®*-2, with a few cross-sectional or cohort studies based on the Chinese population, and most of which focus
on facial skin ageing and inflammatory responses?*~%. In this study, the volunteers were limited to women aged
22-42 years to obtain a comprehensive understanding of the skin status of young and middle-aged women in
China. The damage to the skin caused by sunshine exposure?, especially ultraviolet rays has become a consensus,
which has been validated in southern Chinese women®. Liu et al. found the associations between skin status and
climatic factors in the Shanghai population, such as temperature and relative humidity®'. There is also consensus
that air pollution can affect skin status, such as skin colour and tone?”. Therefore, we selected four meteorologi-
cal indicators including temperature, relative humidity (RH), sunshine duration and wind speed in conjunction
with air quality index (AQI) data and observation data of six major pollutants including fine particulate matter
(PM, ), breathable particulate matter (PM,,), sulfur dioxide (SO,), nitrogen dioxide (NO,), carbon monoxide
(CO), and ozone (O;_8h)* to explore the association of facial skin status with environmental factors (obtained
from the Ministry of Ecology and Environment: https://www.mee.gov.cn/). In addition, individual lifestyles®
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Figure 2. Research process of the multidimensional skin status study.

also have an impact on skin status, such as cosmetic habits***, diet*, etc. Therefore, a questionnaire (Table S1)
was administered to explore the association between the volunteers’ facial skin status and individual lifestyles.

We designed this multidimensional skin status study based on methods, theories, examples, and developments
related to noninvasive skin assessment (Fig. 2). In this study, we measured 8 facial skin parameters from 1092
Chinese females, collected environmental data from 7 cities in China and investigated the individual lifestyles of
all the volunteers. The aim of this multidimensional study was to obtain baseline data on facial skin parameters,
compare regional-related and environmental-related skin characteristics, and analyze the impact of different
individual lifestyles on the facial skin barrier and tone to establish a facial skin status map of Chinese females to
provide guidance for regional skincare.

Materials and methods

We conducted a randomized recruitment trial in 7 cities between August 2019 and December 2019. The
study was approved by the Ethics Committee of Xiyuan Hospital of the China Academy of the Chinese Medi-
cal Sciences (2019XL013-2) and was registered in the Chinese Clinical Trial Registry (registration number:
ChiCTR1900025405). All methods were carried out in accordance with relevant guidelines and regulations. All
healthy volunteers provided written consent for participation before enrolment. All documents clearly expressed
the study objectives; therefore, all subjects were informed before signing the informed consent form.

Subjects. A total of 1092 young Chinese women aged 22-42 years who lived in 7 cities in China for more
than half a year were recruited by contract research institutions (CROs) through advertisements. To ensure an
even overall age distribution of the volunteers in the seven-year circle, 52 volunteers in each age group were
recruited in each city.

The exclusion criteria were as follows: (a) Menstruation, pregnant or breast-feeding women; (b) used hormone
drugs or received anti-immunologic therapy within 1 month or during the study period; (c) undergone cosmetic
surgery, cosmetic treatment, tattooing, maintenance, spotted nevus, facial fine-tuning, or cosmetic needle injec-
tion; (d) severe systemic, immunodeficiency or autoimmune diseases; (e) obvious skin allergy symptoms, facial
damage, swelling or scars; (f) having a cold, headache or fever on the test day; (g) lack of consent, incomplete
information or participating in other clinical trials.
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Cities ‘ All ‘ Shenyang ‘ Xi’an Beijing Chengdu ‘Wuhan ‘ Shanghai ‘ Guangzhou

Sect. 1 Skin parameter collection period in each city

Period 2019.08.21- 2019.08.21- 2019.08.31- 2019.09.10- 2019.09.23- 2019.10.09- 2019.10.19- 2019.10.29-
2019.11.03 2019.08.26 2019.09.05 2019.09.18 2019.09.28 2019.10.14 2019.10.24 2019.11.03

Age stage All Shenyang Xi’an Beijing Chengdu Wuhan Shanghai Guangzhou

Sect. 2 Statistics of all participants in all age groups by city

22-28 366 53 52 52 52 52 52 53

29-35 362 51 52 52 52 52 52 51

36-42 364 52 52 52 52 52 52 52

Sect. 3 Descriptive analysis of age and skin physiological indexes in all volunteers by city (X +SD)

Age 31.98+5.86 32.13+5.86 31.75+5.87 31.91+5.89 32.08+6.23 31.88+5.89 32.24+5.96 31.88+5.39

CM (a.u.) 60.01+11.61 53.45+9.17 58.09+9.59 65.27+£8.79 59.98+10.74 69.77+10.11 55.97+11.92 57.51+11.95

TEWL (g/m*/h) 15.04+£4.29 15.11£3.99 14.45+2.86 15.34+£4.20 12.42+3.45 14.93+4.59 16.27 £4.55 16.74+4.71

SM (pg/em?) 73.11+£47.52 127.87 £66.23 76.33+37.48 76.65+40.73 64.64+33.82 62.21+33.81 50.06+29.85 54+33.62

pH 5.45+0.50 5.39+0.48 5.28+0.45 5.42+0.33 5.25+047 5.57+0.44 5.58+0.55 5.63+0.58

MEXA (a.u.) 166.64 £29.20 171.42+26.89 169.65+32.57 166.24 £27.96 167.02 £28.55 167.02 +£24.62 150.89+29.13 174.25+28.72

ERYTH (a.u.) 296.36+56.24 294.82+50.86 320.18+59.84 294.22+59.54 312.1+£54.02 293.73+£53.21 295.33+50.34 264.13+48.85

ITA (°) 49.46+£8.25 51.53+6.18 52.91+6.08 52.70+6.68 55.21+5.78 47.11+£9.35 44.22+6.78 42.54+7.17

b* (a.u.) 12.68+£2.26 11.48+£1.62 11.88+1.74 11.80£1.67 12.98£1.94 11.61£1.78 14.19+2.13 14.79+2.25

Table 2. Overall statistics of all participants.

Protocol. Taking into account China’s administrative, climatic and geographical factors, the following 7 cit-
ies were selected to recruit subjects (Fig. 1b, Table 2): The test period ranged from 2019.08.21 to 2019.11.03, and
individuals from the 7 cities were tested in descending latitude order (from Shenyang to Guangzhou) to elimi-
nate the influence of season on temperature. All subjects attended a single visit after recruitment (approximately
1.5 h) at their corresponding CRO, at which time dermatologists and technicians performed measurements.
Participants were asked to visit with bare facial skin, i.e., free from the application of any cosmetic product for
1 h, other than their routine cleaning procedure and/or products.

Noninvasive facial skin measurements. All measurements were taken with various probes attached to
an MPA580 multiprobe adaptor system connected to a laptop (Table 1). SM test location was the intersection of
the extension lines perpendicular to the midpoint of the eye and parallel to the midpoint of the forehead. Other
skin status test (CM, pH, TEWL, ITA°, MEXA, ERYTH, b*) locations were the intersection points of the exten-
sion lines perpendicular to the angle of the eye and parallel to the lower part of the nasal wing. Symmetrical parts
of the left and right sides of the face were tested, and final data obtained from 6 tests were averaged (Fig. 1a).

Individual lifestyle survey. Volunteers were asked to fill out a Chinese paper questionnaire with a total
of 62 questions divided into six parts: basic information, physical and mental health, past medical history, skin
allergy history, cosmetic usage habits, and living habits (Table S1). Firstly, we excluded questionnaires missing
values. Secondly, we eliminated questionnaires with obvious logical errors. (For example, multiple options were
selected in single choice questions, or options with opposite meanings were selected simultaneously in multiple
choice questions.) All excluded individual questionnaires were set to blank value in the analysis.

Environmental data collection. In the normal epidermis, it takes 14 days for a keratinocyte cell to travel
from the basal layer to the stratum corneum and 14 days to passage through the stratum corneum®*° (Keratini-
zation cycle). Considering that the metabolic cycle of keratinocytes is 28 days, the environmental data, including
meteorological factors and pollutant data, of each city 28 days before testing were collected, and the impacts on
skin status were analysed. Meteorological factors included air temperature, RH, sunshine duration, and wind
speed; pollutant-related indicators included AQI, PM, 5, PM,,, SO,, CO, NO,, and O;_8 h contents (Table 1). All
data were obtained from the Ministry of Ecology and Environment (https://www.mee.gov.cn/).

Statistical analysis. ANOVA and Spearman rank correlation analysis. ~ Significant differences in skin pa-
rameters among cities were calculated by one-way ANOVA and pairwise comparisons (IBM SPSS 25.0). The
statistical tests were two-tailed, with a significance level of 0.05 (P <0.05). Correlations between environmental
data and skin physiological index data were calculated by Spearman rank correlation analysis*’.

Principal component analysis (PCA) and the optimal subset regression model. 'The questionnaire information
was analysed with mathematical modelling. First, the question options were scored (with 0 as the standard state;
higher scores indicated worse health status); regular expression was used to convert the multiple-choice ques-
tions into 0/1 format data. Then, the principal components of the 62-item questions were extracted by PCA. The
optimal subset regression model was used to analyse the principal components affecting each skin physiological
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Figure 3. Comparison of skin physiological index differences among participants from seven cities. Skin
hydration content (a); skin sebum content (b); skin pH value (c); skin TEWL value (d); individual typological
angle ITA (e); skin yellowness (b*) value (f); skin melanin index value (g); skin erythema index value (h).
**Indicates a significant difference between the two cities (P <0.05). ***Indicates no significant difference
between the two cities (P> 0.05).

parameter (R 4.0.4). Finally, the effects of the five questionnaire modules on each physiological skin parameter
were analysed. Specific modeling process in Supplementary Materials 2.1-2.6.

Ethics statements. The study was approved by the Ethics Committee of Xiyuan Hospital of the China
Academy of the Chinese Medical Sciences (2019XL013-2) and was registered in the Chinese Clinical Trial Reg-
istry (registration number: ChiCTR1900025405). All methods were carried out in accordance with relevant
guidelines and regulations.

Results

Skin status and environmental factor analysis. Skin barrier and skin tone data analysis of 7 cities in
China. The CM value of participants in the Wuhan was highest, with a significant difference, followed by the
Beijing; the CM value of participants in the Shenyang was lowest (Fig. 3a, Table 2). The SM value of participants
in the Shenyang was significantly higher than those in Shanghai (Fig. 3b, Table 2). The skin pH of volunteers in
Guangzhou was the highest. The skin pH of volunteers in Chengdu was the lowest (Fig. 3¢, Table 2). The TEWL
value of participants in Chengdu was significantly lower, and the skin barrier function was significantly better
than those of participants in the other cities. The TEWL value of participants in Guangzhou was significantly
higher, and the skin barrier function was significantly poorer (Fig. 3d, Table 2). Supplementary Materials 1.1 for
specific data.
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Figure 4. Comparison of environmental factors and air pollution indicators in seven cities. Air temperature (a);
relative air humidity (RH) (b); wind speed (c). Sunshine duration (d); AQI (e); PM, ; values (f); PM,, values (g);
SO, values (h); CO values (i); NO, values (j); O;_8 h values (k). **Indicates a significant difference between the
two cities (P <0.05). ***Indicates no significant difference between the two cities (P>0.05). Figure without ** or
***indicates a significant difference between two cities.

The skin ITA® value of participants in Chengdu was the largest, and their skin tone was significantly lighter;
the skin ITA® values of participants in Shanghai and Guangzhou were small, and their skin tone was significantly
darker (Fig. 3e, Table 2). The b* value of participants in Guangzhou was highest, followed by those in Shanghai
and Chengdu. (Fig. 3f, Table 2). The MEXA value of participants in Shanghai was significantly lower than those
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Cities Shenyang Xi’an Beijing Chengdu Wuhan Shanghai Guangzhou
Air temperature (°C) 25.01£0.39 | 2646+0.19 | 25.03+0.54 |21.22+048 | 22.73+0.62 |21.50+0.19 | 24.10+0.34
5,21)3““ air humidity (RH) 81.59+0.18 | 64.54+0.84 | 5349176 |92.90£042 | 71.77+1.31 |7584+049 | 78.76%0.71
Wind speed (m/s) 1.80+0.05 | 2.30%0.04 1.894£0.08 | 1.36£0.02 | 139+0.03 | 2.35+0.12 1.94+0.06
Sunshine duration (h) 3924018 | 5954020 | 824064 | 097+0.16 | 4.99+046 | 496026 | 7.07+0.20
AQI 59.58+3.49 | 87.78+1.08 | 88.10£2.83 |5039+1.54 | 87.81+530 |5851+1.18 | 99.08+3.53
PM, 5 (ug/m®) 20.12+0.76 | 2672077 | 27.39£0.59 |24.3320.47 | 31.50+0.64 |26.96+1.09 | 37.99+0.95
PM,, (ug/m?) 35104072 | 57.16+1.12 | 48.59+0.55 |41.27+0.60 | 58.50+1.58 |38.13£0.74 | 64.19+1.72
SO, (ug/m?3) 10.58+0.17 | 5.61+0.13 | 2.80+0.07 | 551+0.04 | 11.40+025 | 7.44+0.07 | 8.30+0.15
CO (mg/m?) 0.80+0.01 0.6940.01 0.58+0.01 | 0.79+£0.01 | 0.88+0.01 | 0.60£0.01 | 0.82+0.01
NO, (ug/m?) 22244042 | 3512+0.63 | 3041+0.18 |3538+0.40 | 40.76+0.43 |36.02+1.09 | 41.72+1.28
0,_8 h (pg/m’) 101.10+4.61 | 139.73+1.26 | 136.93+3.72 | 7433+4.15 | 136.92+7.68 |98.85+1.48 | 151.99+4.62

Table 3. Descriptive analysis of normal environmental factors and air pollutants data in various cities
(X£SD).

Skin physiological

indexes Hydration | Sebum pH TEWL | ITA Yellowness b* | Melanin index | Erythema index
Air temperature (°C) | —0.144 0.534** -0.319* 0.109 0.058 —0.459** 0.409** 0.162
RH (%) —0.446** —0.040 -0.014 -0.296 0.092 0.260 0.029 —-0.092
Wind speed (m/s) 0.243 -0.096 0.083 0.513** | -0.253 0.019 0.139 -0.235
Sunshine duration (h) | —0.390* —-0.054 -0.017 0.494** | —0.397* 0.287 -0.039 —-0.004
AQI 0.248 -0.136 0.126 0.522** | —0.364* —-0.042 0.334* -0.276
PM2.5 (ug/m?) 0.446** —-0.551** 0.341* 0.453** | —0.529** 0.309 0.073 —0.427**
PM10 (pg/m®) 0.498** —-0.364* 0.155 0.220 —-0.264 0.140 0.296 —-0.140
SO2 (ug/m?) -0.115 -0.087 0.270 0.232 —-0.440** | -0.103 0.170 —-0.290
CO (mg/m?*) 0.075 -0.090 0.155 -0.028 | -0.224 —-0.088 0.321* -0.218
NO2 (ug/m?) 0.327* —0.684** 0.343* 0.207 —0.492** 0.520** 0.041 -0.272
03_8 h (ug/m?) 0.209 -0.109 0.122 0.490** | —0.332* —-0.045 0.332* —-0.268

Table 4. Correlation analysis between environmental data and skin physiological index data (X+SD).
*Indicates a significant correlation at the 0.05 level. **Indicates a significant correlation at the 0.01 level.

in the other six cities, and the differences between those in the other cities were not significant (Fig. 3g, Table 2).
The ERYTH value was significantly higher in Xi’an participants, followed by Chengdu participants; the ERYTH
value was significantly lower in Guangzhou participants (Fig. 3h, Table 2). Supplementary Materials 1.1 for
specific data.

Meteorological factors and air pollution data analysis of 7 cities in China. The Xian (26.46) temperature was sig-
nificantly higher, and the Shanghai (21.50) and Chengdu (21.22) temperatures were significantly lower (Fig. 4a,
Table 3) than those in other cities. The results of RH were as follows: the pairwise differences between cities were
all significant. The RH in Chengdu (92.90) was significantly higher, and that in Beijing (53.49) was significantly
lower than those in the other cities (Fig. 4b, Table 3). The results for wind speed were as follows: there were sig-
nificant differences between cities. Shanghai (2.35) had the fastest wind speed, followed by Xi'an (2.30); Wuhan
(1.39) and Chengdu (1.36) had slower wind speeds than those in the other cities (Fig. 4c, Table 3). The results for
sunshine duration were as follows: there was no significant difference between Wuhan and Shanghai, but there
were significant differences between the other cities. Beijing (8.24) had the longest sunshine duration, followed
by Guangzhou (7.07); Chengdu (0.97) has the shortest sunshine duration (Fig. 4d, Table 3).

There were significant differences between Guangzhou and Wuhan (P=0.05). Guangzhou had the highest
AQI value (99.08), and Chengdu had the lowest AQI value (50.39) (Fig. 4e, Table 3). The results for PM, 5 were
as follows: there was no significant difference between Xian and Beijing, Xian and Shanghai, and Beijing and
Shanghai, while the differences between the other cities were significant. The Guangzhou PM, 5 (37.99) con-
centration was the highest, and the Shenyang PM, 5 (20.12) concentration was the lowest (Fig. 4f, Table 3). The
results of PM,, were as follows: all the cities had significant pairwise differences. The Guangzhou PM,, (64.19)
concentration was the highest, and the Shenyang PM,, (35.10) concentration was the lowest (Fig. 4g, Table 3).
The results of SO, were as follows: the difference between Xi'an and Chengdu was not significant, while the dif-
ferences between the other cities were significant. The Wuhan SO, (11.40) concentration was the highest, and the
Beijing SO, (2.80) concentration was the lowest (Fig. 4h, Table 3). The results of CO were as follows: all pairwise
differences were significant for the seven cities. The Wuhan CO (0.88) concentration was the highest, and the
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Figure 5. Lateral impacts of individual lifestyle on each skin parameter (%) (a). Longitudinal impacts
of individual lifestyle on each skin parameter (%) (b). *Indicates the maximum value of this group (the
Supplementary Materials 1.1 for specific data).

Beijing CO (0.58) concentration was the lowest (Fig. 4i, Table 3). The results of NO, were as follows: there were
significant differences between the cities. The Guangzhou NO, (41.72) concentration was the highest, followed
by Wuhan (40.76); the Shenyang NO, (22.24) concentration is the lowest (Fig. 4j, Table 3). The results for O;_8
h were as follows: there was no significant difference between Xian and Beijing, Xi'an and Wuhan, Beijing and
Wuhan, and Shenyang and Shanghai, while the difference between the other two was significant. The Guangzhou
0;_8h (151.99) concentration was the highest, and the Chengdu O;_8 h (74.33) concentration was the lowest
(Fig. 4k, Table 3).

Correlation analysis of environmental data and skin data. Correlation analysis of meteorological fac-
tors and skin data.  Spearman correlation analysis showed that the 4 skin barrier indicators were correlated with
meteorological factors, as follows: the CM value was negatively correlated with RH and wind speed; the TEWL
value was positively correlated with sunshine duration and wind speed; the SM value was positively correlated
with temperature; and skin pH was negatively correlated with temperature. The 4 indicators of skin tone level
were correlated with meteorological factors as follows: the skin ITA® value was negatively correlated with wind
speed, and skin b* was negatively correlated with temperature; the MEXA value was positively correlated with
temperature (Table 4).

In summary, an increase in wind speed or sunshine duration is accompanied by an increase in TEWL value,
i.e. poorer skin barrier function; a decrease in wind speed is accompanied by an increase in CM and ITA values,
i.e. whiter and more hydrated skin. The increase in temperature is accompanied by an increase in SM, MEXA
value and a decrease in pH value, i.e. oilier, darker and more acidic skin. Notably, we also observed that an
increase in RH was accompanied by a decrease in CM value.

Correlation analysis of air pollutant elements and skin data. The 4 skin barrier indicators were correlated with
air pollutants. The CM value was positively correlated with PM, 5, PM,,, and NO, contents, whereas the SM
value was negatively correlated with PM, 5, PM,,, and NO, contents. In addition, skin pH was negatively corre-
lated with PM, ; and NO, contents. The TEWL value was positively correlated with the AQI, PM, ; content, and
0O;_8 h content. The 4 skin tone indicators were correlated with air pollutants. The ITA value was negatively cor-
related with the AQI, PM, ; content, SO, content, NO, content, and O;_8 h content. Regarding skin b*, a posi-
tive correlation with NO, content was observed. The MEXA value was positively correlated with the AQIL, CO
content, and O;_8 h content, while the skin ERYTH value was negatively correlated with PM, ; content (Table 4).

In summary, increased AQI value was accompanied by decreased ITA values, increased TEWL and MEXA
value, i.e. poor barrier function and darker skin. Increased PM, 5/PM,, or NO, contents were accompanied by
increased CM and TEWL values, as well as decreased SM and pH values, i.e. less Sebum secretion, more acidic
but more hydrated skin.
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The impact of individual lifestyle on the skin barrier and skin tone based on PCA. We ana-
lysed the effects of individual lifestyle on skin barrier and skin tone based on PCA. In order to differentiate the
influence of the questionnaire questions on each skin indicator, the 62 questions were categorised according to
the content of the questions into five categories (physical and mental health, skin allergy history, cosmetic use,
lifestyle habits, and past medical history). Finally, a correlation model between the various skin physiological
indicators and the five categories of questions was developed and the effect of the five questionnaire modules on
the eight skin parameters was analysed (Supplementary Materials 2.1-2.6).

Overall, cosmetic usage had the greatest impact on skin pH and CM values, followed by past medical history
(Fig. 5). Skin allergies had the greatest impact on the transcutaneous water loss. Living habits had the greatest
impact on SM value. Physical and mental state had a minimal impact on the skin barrier, as well as skin tone
(Fig. 5). Skin allergy had the largest impact on the ITA value, and past medical history had the largest impacts
on the other indicators of skin tone, such as MEXA, ERYTH and b* values.

Discussion

Facial skin barrier and skin tone render regional differences in China. We divided skin indicators
into “skin barrier function” and “skin tone”. With regard to skin barrier function, the regions showed a western-
others-southern trend. Women living in two western cities (Chengdu, Xi’an) had a better skin barrier, as indi-
cated by high hydration and sebum secretion, together with a weakly acidic pH value. Those women who live
in South China (Guangzhou) had a poor skin barrier, as indicated by highest transcutaneous water loss, lowest
sebum secretion and a neutral pH value. Other regions did not reveal significant barrier characteristics.

Compared to the western regions (Chengdu, Xi’an), Guangzhou has the worst circumstance of air pollution
and longer sunshine duration (longest in Beijing). From the perspective of pollution in Guangzhou, the particu-
late matter and nitrogen dioxide had the largest effects*’. Our results complement the association between pollu-
tion conditions and the skin barrier in Guangzhou. Kim et al. investigated the effects of PM, 5 in South Korea on
filaggrin and skin barrier function in vitro and in vivo*’. They found that PM, 5 exposure compromised skin bar-
rier function, resulting in increased transcutaneous water loss, similar to the results in Guangzhou. PM, s-induced
TNF-a caused filaggrin deficiency in the skin and subsequently induced skin barrier dysfunction, which may
be one of the reasons for the poor skin function of women in Guangzhou. There is no doubt that natural and
sun-induced ageing of human skin is inevitable*. In recent years, studies on the effects of chronic UVB irradia-
tion on the integrity of the skin barrier (transcriptomic®, lipidomic*’, animal models*’) have been validated. As
most of the UVB light is absorbed in the epidermis*, the outermost cell layers, the stratum corneum, and the
stratum granulosum were most affected, resulting in a breakdown of the epidermal physical barrier (protects
against radiation and tries to maintain of permeability)*. Santiago et al. found that skin received chronic UVB
radiation had a higher skin surface pH value, with the permeability barrier and stratum corneum hydration
severely compromised in a Murine Model of Cutaneous Field Cancerization®. This is consistent with our study
that female skin exhibits high transcutaneous water dissipation, low hydration and neutral pH in Guangzhou
with longer sunshine duration. Zheng et al. found that cathepsin D decreased in chronic photodamaged skin.
Nevertheless, cathepsin D plays an important part in maintaining a normal skin barrier, which may be one of
the reasons for the poor skin function of women in Guangzhou'.

The rank distribution of skin tone level was consistent with skin barrier (western-others-southern). In Guang-
zhou, the darker skin tone was easy to observe. Lighter skin tones were observed in relatively well-protected
regions (Chengdu, Xi'an). The color of the skin is determined by the presence of several major chromophores,
melanin and in some cases, oxy-/deoxyhemoglobin and carotenoids®>. UVA induces immediate pigment dark-
ening, persistent pigment darkening, and delayed tanning; UVB is an effective spectrum to induce erythema,
which is followed by delayed tanning; visible light has been shown to induce erythema and a tanning response
in dark skin®**%. From the perspective of pigment distribution, women in the western regions (Chengdu, Xi’an)
received lower sunshine duration and ultraviolet rays with lower melanin content, while the melanin content in
Guangzhou was the highest due to longer sunshine duration. But in this study, we did not observe significant
differences in erythema index between the Guangzhou region and the western region. Kollias et al. found that
ultraviolet radiation could convert oxyhemoglobin and deoxyhemoglobin stoichiometrically into methemoglobin
and a met-like product, respectively, but not on all volunteers tested™. In a Case of Methemoglobinemia, the
patient was found with blue skin discoloration instead of usually pink®®. It is uncertain whether this conversion
is associated with the low erythema index of the Guangzhou volunteers.

Meteorological factors affect skin status, and pollution triggers skin issues. In this study, we
illustrated that meteorological factors can affect skin status. Under normal humidity conditions, temperature
affects various functions of the skin barrier”. Elevated temperature was significantly associated with increased
sebum secretion, decreased pH, and increased melanin content. Wearing mask makes the positive effect of
temperature on sebum production more apparent®®®. Engebretsen et al. reviewed the negative effect of low
humidity, low temperatures and different seasons on the skin barrier, and concluded that low humidity and low
temperatures lead to a general decrease in skin barrier function and increased susceptible towards mechanical
stress®. Notably, we found that an increase in environmental relative humidity was accompanied by an increase
in transcutaneous water loss. Vyumvuhore et al. found that lipid organization as well as protein deployment was
optimal at intermediate RH values (around 60%) ex vivo Raman spectroscopy analysis, which correspond to the
maximum of Stratum corneum water binding capacity. Moreover, the contributions of totally bound water were
not vary with humidity, and increased content of unbound water in the SC induces disorder in the structures
of lipids and proteins®’. This may explain to some extent the positive correlation between relative humidity and
transcutaneous water loss.
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Air pollution triggers skin issues, such as skin pigmentation and the deconstruction of skin barrier. The AQI
characterizes only the degree of pollution and not the concentration of specific pollutants®. Each pollutant was
converted to an AQI value according to different target concentration limits during the evaluation®?. Thus, we
disassembled the various components of the AQI and analysed their correlations with skin indicators. The most
obvious factors affecting the skin were the concentrations of PM, ; and NO,. Compared with SO,, NO, showed
a stronger correlation with the skin indicators®. The increase in NO, content was accompanied by a decrease
in skin oil content and an increase in moisture, which causes reduced acidity of the skin®*>. However, the skin
tone darkens with the ITA® and becomes more yellow. PM, 5 induces apoptosis, oxidative stress injury and
melanin metabolic disorder in human melanocytes®. The results showed that an increase in PM, 5 content was
accompanied by an increase in moisture content and loss; however, the oil content was significantly reduced.
This result was also accompanied by a decrease in skin acidity as well as decreased value of erythema index and
a darker skin tone®. Shi et al. illustrated that PM2.5 can induce melanogenesis in vivo/vitro by regulating TYR,
TYRP1, TYRP2, and MITF expression via AhR/MAPK signaling activation. Furthermore, PM2.5 increased
a-MSH paracrine levels, which in turn promote hyperpigmentation®. Moreover, UVB induced the activation of
AhR during long sunshine duration, leading to a series of melanin increases and skin barrier disruptions®. These
studies at the molecular level may explain the skin status differences between the Guangzhou and western regions.

Individual lifestyle affects skin barrier and skin tone. In this study, we found that cosmetic usage
had the greatest impact on skin pH and hydration content (CM), followed by past medical history. The positive
impact of beauty habits on the skin has been proven in Korea and in the Chinese female population in China. Lee
et al. found that using sunscreen every day, wearing base makeup daily, and using moisturizers improved hydra-
tion, transcutaneous water loss, and elasticity significantly after adjusting for age and region®**. Transcutaneous
water loss (TEWL) was most affected by skin allergies, which is the most widely used objective measurement
for assessing the barrier function of skin in healthy individuals and also patients with skin diseases that are
associated with skin barrier dysfunction, such as atopic dermatitis’. A significant increase in TEWL is observed
in children with skin allergic diseases such as atopic dermatitis”’. Allergic disorders such as atopic dermatitis
are strongly associated with an impairment of the epithelial barrier’?, in which tight junctions and/or filaggrin
expression can be defective”. Living habits had the greatest impact on sebum secretion (SM). Bissonnette et al.
found that variations in sleep patterns was associated with changes in sebum excretion in women’. Many studies
have found the effect of diet on the amount of sebum secretion®*”>7. Nives Pondeljak provide a detailed review
of stress-induced interactions of skin immune cells, hormones, and neurotransmitters”’. Review by Passeron
et al. mentioned that stress and sleep deprivation can lead to a pro-inflammatory state, which in turn affects
the integrity of extracellular matrix proteins, especially collagen’®. However, we found that the overall effect of
physical and mental state on both skin barrier and color was minimal compared to other factors investigated.
Skin allergies had the largest impact on the individual type angle (ITA), and past medical history had the largest
impacts on the other indicators of skin tone (MEXA, ERYTH, b*). However, we estimate that this distribution of
skin tone is more likely to be the result of environmental factors rather than individual lifestyles.

Conclusions
There were regional differences in facial skin barrier characteristics and skin tone. An obvious difference was a
better skin barrier in the western region, as indicated by high skin hydration and sebum secretion and a weakly
acidic pH. According to the ITA value, a composite indicator of skin colour from the CIE-L*a*b* colour system,
as the main grading standard”, lighter and darker skin tones were found in the western and southern regions,
respectively. Under normal humidity conditions, temperature affects various functions of the skin barrier. When
pollutant concentrations increase, they not only affect the barrier function of the skin but also cause obvious
concomitant changes in skin tone. According to the analysis of individual lifestyle surveys, the overall effect of
the use of cosmetics had the greatest impact on the pH and hydration of the skin. Skin allergies had the greatest
impact on transcutaneous water loss and skin tone. Living habits had the greatest impact on sebum secretion.
In this study, we measured 8 facial skin parameters from 1092 Chinese females, collected environmental data
from 7 cities in China and investigated the individual lifestyles of all the volunteers. The baseline data on facial
skin parameters was obtained, regional-related and environmental-related skin characteristics was compared,
and the impact of different individual lifestyles on the facial skin barrier and tone was analysed to establish a
facial skin status map of Chinese females to provide guidance for regional skincare. All in all, this cross-sectional
study of Chinese women in seven cities provides evidence of associations of facial skin status with environmental
factors and individual lifestyles in a large population of Chinese people, and reviews a number of relevant stud-
ies with the molecular mechanisms. Regrettably, separate specific questions about individual lifestyles were not
discussed in this study, and we only considered the association of five broad questions with skin status.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 25 April 2022; Accepted: 21 October 2022
Published online: 27 October 2022

References
1. Frani¢, Z., Babi¢, Z, Bjelajac, A. & Macan, J. Factors related to skin health in hairdressing apprentices from two Croatian regions.
Contact Dermatitis 81, 266-273. https://doi.org/10.1111/cod.13304 (2019).

Scientific Reports |

(2022) 12:18110 | https://doi.org/10.1038/s41598-022-23001-6 nature portfolio


https://doi.org/10.1111/cod.13304

www.nature.com/scientificreports/

2. Kimyai-Asadi, A. & Usman, A. The role of psychological stress in skin disease. J. Cutan Med. Surg. 5, 140-145 (2001).
3. Dunn, J. H. & Koo, J. Psychological stress and skin aging: A review of possible mechanisms and potential therapies. Dermatol.
Online J. 19, 18561 (2013).
4. Krutmann, J., Bouloc, A., Sore, G., Bernard, B. A. & Passeron, T. The skin aging exposome. J. Dermatol. Sci. 85, 152-161. https://
doi.org/10.1016/j.jdermsci.2016.09.015 (2017).
5. Li, X. et al. Cardiovascular risk factors in China: A nationwide population-based cohort study. Lancet Public Health 5, e672-e681.
https://doi.org/10.1016/52468-2667(20)30191-2 (2020).
6. Sang, C. et al. Gross alpha and beta measurements in drinkable water from seven major geographical regions of China and the
associated cancer risks. Ecotoxicol. Environ. Saf. 208, 111728. https://doi.org/10.1016/j.ecoenv.2020.111728 (2021).
7. Zheng, Y., Liang, H., Zhou, M., Song, L. & He, C. Skin bacterial structure of young females in China: The relationship between
skin bacterial structure and facial skin types. Exp. Dermatol. https://doi.org/10.1111/exd.14105 (2020).
8. Qin, J. et al. New method for large-scale facial skin sebum quantification and skin type classification. J. Cosmet. Dermatol. 20,
677-683. https://doi.org/10.1111/jocd.13576 (2021).
9. Wu, Y. et al. Objective measurement and comparison of human facial skin color in East Asian females. Skin Res. Technol. 26,
584-590. https://doi.org/10.1111/srt.12838 (2020).
10. Liu, W. et al. Skin phototyping in a Chinese female population: Analysis of four hundred and four cases from four major cities of
China. Photodermatol. Photoimmunol. Photomed. 22, 184-188 (2006).
11. Wei, L. et al. Skin color measurement in Chinese female population: Analysis of 407 cases from 4 major cities of China. Int. J.
Dermatol. 46, 835-839 (2007).
12. Kim, E. J. et al. Effect of the regional environment on the skin properties and the early wrinkles in young Chinese women. Skin
Res. Technol. 20, 498-502. https://doi.org/10.1111/srt.12144 (2014).
13. Song, Y., Pan, Y., Wang, H., Liu, Q. & Zhao, H. Mapping the face of young population in China: Influence of anatomical sites and
gender on biophysical properties of facial skin. Skin Res. Technol. 25, 325-332. https://doi.org/10.1111/srt.12652 (2019).
14. Rorteau, J., Chevalier, F. P,, Fromy, B. & Lamartine, J. Functional integrity of aging skin, from cutaneous biology to anti-aging
strategies. Med. Sci. (Paris) 36, 1155-1162. https://doi.org/10.1051/medsci/2020223 (2020).
15. McDaniel, D., Farris, P. & Valacchi, G. Atmospheric skin aging—Contributors and inhibitors. J. Cosmet. Dermatol. 17, 124-137.
https://doi.org/10.1111/jocd.12518 (2018).
16. Lefebvre, M. A. et al. Consequences of urban pollution upon skin status. A controlled study in Shanghai area. Int. J. Cosmet. Sci.
38, 217-223. https://doi.org/10.1111/ics.12270 (2016).
17. Flament, E et al. Solar exposure(s) and facial clinical signs of aging in Chinese women: Impacts upon age perception. Clin. Cosmet.
Investig. Dermatol. 8, 75-84. https://doi.org/10.2147/CCID.S72244 (2015).
18. Krutmann, J., Schikowski, T., Morita, A. & Berneburg, M. Environmentally-induced (extrinsic) skin aging: Exposomal factors and
underlying mechanisms. J. Investig. Dermatol. 141, 1096-1103. https://doi.org/10.1016/j.jid.2020.12.011 (2021).
19. Schagen, S. K., Zampeli, V. A., Makrantonaki, E. & Zouboulis, C. C. Discovering the link between nutrition and skin aging. Der-
matoendocrinology 4, 298-307. https://doi.org/10.4161/derm.22876 (2012).
20. Yang, G.-Y., Zhang, C.-L., Liu, X.-C., Qian, G. & Deng, D.-Q. Effects of cigarette smoke extracts on the growth and senescence of
skin fibroblasts in vitro. Int. J. Biol. Sci. 9, 613-623. https://doi.org/10.7150/ijbs.6162 (2013).
21. Oyetakin-White, P. et al. Does poor sleep quality affect skin ageing? Clin. Exp. Dermatol. 40, 17-22. https://doi.org/10.1111/ced.
12455 (2015).
22. Meng, H. et al. Statistical analysis of age-related skin parameters. Technol. Health Care. https://doi.org/10.3233/thc-218007 (2021).
23. Wu, Y. et al. Microbiome in healthy women between two districts with different air quality index. Front. Microbiol. 11, 548618.
https://doi.org/10.3389/fmicb.2020.548618 (2020).
24. Misra, N. et al. Multi-omics analysis to decipher the molecular link between chronic exposure to pollution and human skin dys-
function. Sci. Rep. 11, 18302. https://doi.org/10.1038/s41598-021-97572-1 (2021).
25. Martic, I, Jansen-Diirr, P. & Cavinato, M. Effects of air pollution on cellular senescence and skin aging. Cells 11, 142220. https://
doi.org/10.3390/cells11142220 (2022).
26. Ding, A. et al. Indoor PM exposure affects skin aging manifestation in a Chinese population. Sci. Rep. 7, 15329. https://doi.org/
10.1038/s41598-017-15295-8 (2017).
27. Nkengne, A., Robic, ]. & Lua, B. L. The effect of air pollution on the skin colour and tone of Chinese women: A multicentre cohort
study. Skin Res. Technol. 27, 428-434. https://doi.org/10.1111/srt.12953 (2021).
28. Dong, Y.-M. et al. Skin inflammation induced by ambient particulate matter in China. Sci. Total Environ. 682, 364-373. https://
doi.org/10.1016/j.scitotenv.2019.05.155 (2019).
29. Schuch, A. P, Moreno, N. C., Schuch, N. J., Menck, C. E. M. & Garcia, C. C. M. Sunlight damage to cellular DNA: Focus on oxi-
datively generated lesions. Free Radic. Biol. Med. 107, 110-124. https://doi.org/10.1016/j.freeradbiomed.2017.01.029 (2017).
30. Wan, M. et al. Skin erythema, pigmentation and hydration kinetics after ultraviolet radiation-induced photodamage in southern
Chinese women. Photochem. Photobiol. 93, 1276-1281. https://doi.org/10.1111/php.12752 (2017).
31. Liu, X,, Gao, Y., Zhang, Y. & Wang, X. Variation in skin biology to climate in Shanghai, China. Cutan Ocul. Toxicol. 36, 231-236.
https://doi.org/10.1080/15569527.2016.1258708 (2017).
32. Li, Z., Wang, Y., Xu, Z. & Cao, Y. Characteristics and sources of atmospheric pollutants in typical inland cities in arid regions of
central Asia: A case study of Urumgi city. PLoS ONE 16, €0249563. https://doi.org/10.1371/journal.pone.0249563 (2021).
33. Dabrowska, A. K. et al. The relationship between skin function, barrier properties, and body-dependent factors. Skin Res. Technol.
24, 165-174. https://doi.org/10.1111/srt.12424 (2018).
34. Lee, ]. S., Ha, ], Shin, K., Kim, H. & Cho, S. Different cosmetic habits can affect the biophysical profile of facial skin: A study of
Korean and Chinese women. Ann. Dermatol. 31, 175. https://doi.org/10.5021/ad.2019.31.2.175 (2019).
35. Zhang, Y.-W. & Choi, M.-O. The effects of sociocultural factors on the appearance of women in their 20s in China on beauty
interests. J. Korean Soc. Cosmetol. 27, 1326-1333. https://doi.org/10.52660/jksc.2021.27.6.1326 (2021).
36. Lim, S, Shin, J., Cho, Y. & Kim, K.-P. Dietary patterns associated with sebum content, skin hydration and pH, and their sex-
dependent differences in healthy Korean adults. Nutrients 11, 030619. https://doi.org/10.3390/nu11030619 (2019).
37. Johannesson, A. & Hammar, H. Measurement of the horny layer turnover after staining with dansyl chloride: Description of a new
method. Acta Derm. Venereol. 58, 76-79 (1978).
38. Jansen, L. H., Hojyo-Tomoko, M. T. & Kligman, A. M. Improved fluorescence staining technique for estimating turnover of the
human stratum corneum. Br. J. Dermatol. 90, 9 (1974).
39. Roberts, D. & Marks, R. The determination of regional and age variations in the rate of desquamation: A comparison of four
techniques. J. Investig. Dermatol. 74, 13-16 (1980).
40. Rothberg, S., Crounse, R. G. & Lee, J. L. Glycine-C-14-incorporation into the proteins of normal stratum corneum and the abnormal
straum corneum of psoriasis. J. Investig. Dermatol. 37, 497-505 (1961).
41. Rao, C. R, Miller, J. P. & Rao, D. C. Essential Statistical Methods for Medical Statistics 27-65 (North-Holland, 2011).
42. Gu, Y. et al. The interaction between ambient PM and NO, on mortality in Guangzhou, China. Int. . Environ. Res. Public Health
14, 1381. https://doi.org/10.3390/ijerph14111381 (2017).
43. Kim, B. E. et al. Particulate matter causes skin barrier dysfunction. JCI Insight 6, 145185. https://doi.org/10.1172/jci.insight.145185
(2021).
Scientific Reports|  (2022) 12:18110 | https://doi.org/10.1038/s41598-022-23001-6 nature portfolio


https://doi.org/10.1016/j.jdermsci.2016.09.015
https://doi.org/10.1016/j.jdermsci.2016.09.015
https://doi.org/10.1016/S2468-2667(20)30191-2
https://doi.org/10.1016/j.ecoenv.2020.111728
https://doi.org/10.1111/exd.14105
https://doi.org/10.1111/jocd.13576
https://doi.org/10.1111/srt.12838
https://doi.org/10.1111/srt.12144
https://doi.org/10.1111/srt.12652
https://doi.org/10.1051/medsci/2020223
https://doi.org/10.1111/jocd.12518
https://doi.org/10.1111/ics.12270
https://doi.org/10.2147/CCID.S72244
https://doi.org/10.1016/j.jid.2020.12.011
https://doi.org/10.4161/derm.22876
https://doi.org/10.7150/ijbs.6162
https://doi.org/10.1111/ced.12455
https://doi.org/10.1111/ced.12455
https://doi.org/10.3233/thc-218007
https://doi.org/10.3389/fmicb.2020.548618
https://doi.org/10.1038/s41598-021-97572-1
https://doi.org/10.3390/cells11142220
https://doi.org/10.3390/cells11142220
https://doi.org/10.1038/s41598-017-15295-8
https://doi.org/10.1038/s41598-017-15295-8
https://doi.org/10.1111/srt.12953
https://doi.org/10.1016/j.scitotenv.2019.05.155
https://doi.org/10.1016/j.scitotenv.2019.05.155
https://doi.org/10.1016/j.freeradbiomed.2017.01.029
https://doi.org/10.1111/php.12752
https://doi.org/10.1080/15569527.2016.1258708
https://doi.org/10.1371/journal.pone.0249563
https://doi.org/10.1111/srt.12424
https://doi.org/10.5021/ad.2019.31.2.175
https://doi.org/10.52660/jksc.2021.27.6.1326
https://doi.org/10.3390/nu11030619
https://doi.org/10.3390/ijerph14111381
https://doi.org/10.1172/jci.insight.145185

www.nature.com/scientificreports/

44.
45.

46.

47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
. Scarano, A., Inchingolo, E. & Lorusso, E. Facial skin temperature and discomfort when wearing protective face masks: Thermal
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

79.

Rittié, L. & Fisher, G. J. Natural and sun-induced aging of human skin. Cold Spring Harb. Perspect. Med. 5, a015370. https://doi.
org/10.1101/cshperspect.a015370 (2015).

Blackstone, B. N., Wilgus, T. A., Roy, S., Wulff, B. C. & Powell, H. M. Skin biomechanics and miRNA expression following chronic
UVB irradiation. Adv. Wound Care (New Rochelle) 9, 79-89. https://doi.org/10.1089/wound.2019.1034 (2020).

Dalmau, N., Andrieu-Abadie, N., Tauler, R. & Bedia, C. Phenotypic and lipidomic characterization of primary human epidermal
keratinocytes exposed to simulated solar UV radiation. J. Dermatol. Sci. 92, 97. https://doi.org/10.1016/j.jdermsci.2018.07.002
(2018).

Wu, P-Y. et al. Fisetin regulates Nrf2 expression and the inflammation-related signaling pathway to prevent UVB-induced skin
damage in hairless mice. Int. . Mol. Sci. 18, 2118. https://doi.org/10.3390/ijms18102118 (2017).

Garmyn, M. & Yarosh, D. B. Photodermatology 41-54 (CRC Press, 2007).

Proksch, E., Brandner, J. M. & Jensen, J.-M. The skin: An indispensable barrier. Exp. Dermatol. 17, 1063-1072 (2008).

Santiago, J. L. et al. Characterization of permeability barrier dysfunction in a murine model of cutaneous field cancerization fol-
lowing chronic UV-B irradiation: Implications for the pathogenesis of skin cancer. Cancers (Basel) 13, 3935. https://doi.org/10.
3390/cancers13163935 (2021).

Zheng, Y. et al. Cathepsin D repairing role in photodamaged skin barrier. Skin Pharmacol. Physiol. 28, 97. https://doi.org/10.1159/
000363248 (2015).

Stamatas, G. N., Zmudzka, B. Z., Kollias, N. & Beer, J. Z. Non-invasive measurements of skin pigmentation in situ. Pigment Cell
Res. 17, 618626 (2004).

Sklar, L. R., Almutawa, E, Lim, H. W. & Hamzavi, I. Effects of ultraviolet radiation, visible light, and infrared radiation on erythema
and pigmentation: A review. Photochem. Photobiol. Sci. 12, 54-64. https://doi.org/10.1039/c2pp25152¢ (2013).

Suh, K. S. et al. Long-term evaluation of erythema and pigmentation induced by ultraviolet radiations of different wavelengths.
Skin Res. Technol. 13, 154-161 (2007).

Kollias, N., Bager, A., Sadiq, . & Sayre, R. M. In vitro and in vivo ultraviolet-induced alterations of oxy- and deoxyhemoglobin.
Photochem. Photobiol. 56, 223-227 (1992).

Biggs, D. & Castillo, D. C. Warm & Blue: A case of methemoglobinemia. J. Educ. Teach. Emerg. Med. 4, 2382 (2019).

infrared imaging evaluation and hands moving the mask. Int. J. Environ. Res. Public Health 17, 134624. https://doi.org/10.3390/
fjerph17134624 (2020).

Park, S.-R., Han, ], Yeon, Y. M., Kang, N. Y. & Kim, E. Effect of face mask on skin characteristics changes during the COVID-19
pandemic. Skin Res. Technol. 27, 554-559. https://doi.org/10.1111/srt.12983 (2021).

Hua, W. et al. Short-term skin reactions following use of N95 respirators and medical masks. Contact Dermatitis 83, 115-121.
https://doi.org/10.1111/cod.13601 (2020).

Engebretsen, K. A., Johansen, ]. D., Kezic, S., Linneberg, A. & Thyssen, J. P. The effect of environmental humidity and temperature
on skin barrier function and dermatitis. J. Eur. Acad. Dermatol. Venereol. 30, 223-249. https://doi.org/10.1111/jdv.13301 (2016).
Vyumvuhore, R. et al. Effects of atmospheric relative humidity on stratum corneum structure at the molecular level: Ex vivo Raman
spectroscopy analysis. Analyst 138, 4103-4111. https://doi.org/10.1039/c3an00716b (2013).

Shamsipour, M. et al. Short-term effects of exposure to air pollution on biophysical parameters of skin in a panel of healthy adults.
Dermatol. Ther. 33, e14536. https://doi.org/10.1111/dth.14536 (2020).

Liang, J., Liu, L., Kang, X., Hu, E. & Mao, L. Mechanism underlying the effect of SO2-induced oxidation on human skin keratino-
cytes. Medicine (Baltimore) 99, €23152. https://doi.org/10.1097/md.0000000000023152 (2020).

Janvier, X. et al. Deleterious effects of an air pollutant (NO(2)) on a selection of commensal skin bacterial strains, potential con-
tributor to dysbiosis? Front. Microbiol. 11, 591839. https://doi.org/10.3389/fmicb.2020.591839 (2020).

Pelegrino, M. T., Paganotti, A., Seabra, A. B. & Weller, R. B. Photochemistry of nitric oxide and S-nitrosothiols in human skin.
Histochem. Cell Biol. 153, 431-441. https://doi.org/10.1007/s00418-020-01858-w (2020).

Suo, D., Zeng, S., Zhang, J., Meng, L. & Weng, L. PM2.5 induces apoptosis, oxidative stress injury and melanin metabolic disorder
in human melanocytes. Exp. Therap. Med. 19, 3227-3238. https://doi.org/10.3892/etm.2020.8590 (2020).

Dong, L. et al. Fine particulate matter (PM(2.5)) upregulates expression of inflammasome NLRP1 via ROS/NF-«B signaling in
HaCaT cells. Int. J. Med. Sci. 17, 2200-2206. https://doi.org/10.7150/ijms.46962 (2020).

Shi, Y. et al. Particulate matter promotes hyperpigmentation via AhR/MAPK signaling activation and by increasing a-MSH par-
acrine levels in keratinocytes. Environ. Pollut. 278, 6850. https://doi.org/10.1016/j.envpol.2021.116850 (2021).

Jux, B. et al. The aryl hydrocarbon receptor mediates UVB radiation-induced skin tanning. J. Investig. Dermatol. 131, 203-210.
https://doi.org/10.1038/jid.2010.269 (2011).

Alexander, H., Brown, S., Danby, S. & Flohr, C. Research techniques made simple: Transepidermal water loss measurement as a
research tool. J. Investig. Dermatol. https://doi.org/10.1016/j.jid.2018.09.001 (2018).

Seidenari, S. & Giusti, G. Objective assessment of the skin of children affected by atopic dermatitis: A study of pH, capacitance
and TEWL in eczematous and clinically uninvolved skin. Acta Derm. Venereol. 75, 429-433 (1995).

Yang, G. et al. Skin barrier abnormalities and immune dysfunction in atopic dermatitis. Int. J. Mol. Sci. 21, 2867. https://doi.org/
10.3390/ijms21082867 (2020).

Drislane, C. & Irvine, A. D. The role of filaggrin in atopic dermatitis and allergic disease. Ann. Allergy Asthma Immunol. 124,
36-43. https://doi.org/10.1016/j.anai.2019.10.008 (2020).

Bissonnette, R. et al. Changes in serum free testosterone, sleep patterns, and 5-alpha-reductase type I activity influence changes
in sebum excretion in female subjects. Skin Res. Technol. 21, 47-53. https://doi.org/10.1111/srt.12155 (2015).

Boelsma, E. et al. Human skin condition and its associations with nutrient concentrations in serum and diet. Am. J. Clin. Nutr. 77,
348-355 (2003).

Yang, Z., Yang, X., Chen, X. & Wang, Y. Influence of family history, body mass index, selected dietary factors, personal habits, and
menstrual history on oily skin in young women. J. Cosmet. Dermatol. 20, 3661-3665. https://doi.org/10.1111/jocd.14029 (2021).
Pondeljak, N. & Lugovi¢-Mihi¢, L. Stress-induced interaction of skin immune cells, hormones, and neurotransmitters. Clin. Ther.
42, 757-770. https://doi.org/10.1016/j.clinthera.2020.03.008 (2020).

Passeron, T., Krutmann, J., Andersen, M. L., Katta, R. & Zouboulis, C. C. Clinical and biological impact of the exposome on the
skin. J. Eur. Acad. Dermatol. Venereol. 34, 16614. https://doi.org/10.1111/jdv.16614 (2020).

Chardon, A., Cretois, I. & Hourseau, C. Skin colour typology and suntanning pathways. Int. J. Cosmet. Sci. 13, 191-208. https://
doi.org/10.1111/j.1467-2494.1991.tb00561.x (1991).

Acknowledgements
The authors would like to thank Shanghai Inoherb Co., Ltd., for the financial support, which made this research
possible. They thank Eviskin Cosmetics Technology (Beijing) Co., Ltd., for the support in skin measurements.

Scientific Reports |

(2022) 12:18110 | https://doi.org/10.1038/s41598-022-23001-6 nature portfolio


https://doi.org/10.1101/cshperspect.a015370
https://doi.org/10.1101/cshperspect.a015370
https://doi.org/10.1089/wound.2019.1034
https://doi.org/10.1016/j.jdermsci.2018.07.002
https://doi.org/10.3390/ijms18102118
https://doi.org/10.3390/cancers13163935
https://doi.org/10.3390/cancers13163935
https://doi.org/10.1159/000363248
https://doi.org/10.1159/000363248
https://doi.org/10.1039/c2pp25152c
https://doi.org/10.3390/ijerph17134624
https://doi.org/10.3390/ijerph17134624
https://doi.org/10.1111/srt.12983
https://doi.org/10.1111/cod.13601
https://doi.org/10.1111/jdv.13301
https://doi.org/10.1039/c3an00716b
https://doi.org/10.1111/dth.14536
https://doi.org/10.1097/md.0000000000023152
https://doi.org/10.3389/fmicb.2020.591839
https://doi.org/10.1007/s00418-020-01858-w
https://doi.org/10.3892/etm.2020.8590
https://doi.org/10.7150/ijms.46962
https://doi.org/10.1016/j.envpol.2021.116850
https://doi.org/10.1038/jid.2010.269
https://doi.org/10.1016/j.jid.2018.09.001
https://doi.org/10.3390/ijms21082867
https://doi.org/10.3390/ijms21082867
https://doi.org/10.1016/j.anai.2019.10.008
https://doi.org/10.1111/srt.12155
https://doi.org/10.1111/jocd.14029
https://doi.org/10.1016/j.clinthera.2020.03.008
https://doi.org/10.1111/jdv.16614
https://doi.org/10.1111/j.1467-2494.1991.tb00561.x
https://doi.org/10.1111/j.1467-2494.1991.tb00561.x

www.nature.com/scientificreports/

Author contributions

X.Y. and R.Y. wrote the main manuscript text and prepared all figures and tables. Methodology and software:
X.Y,,R.Y, J.L, X.Z. Analysis: R.Y., M.Z. Project administration: H.M., EY. Discussion: L.L., Y.H., M.G. Research
direction: Z.L., ].G., ].B. All authors reviewed the manuscript.

Funding
This work was supported by the Scientific Research Project of Beijing Educational Committee (KM202010011009)
to Pr. YL

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-23001-6.

Correspondence and requests for materials should be addressed to EY.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:18110 | https://doi.org/10.1038/s41598-022-23001-6 nature portfolio


https://doi.org/10.1038/s41598-022-23001-6
https://doi.org/10.1038/s41598-022-23001-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A cross-sectional study of Chinese women facial skin status with environmental factors and individual lifestyles
	Materials and methods
	Subjects. 
	Protocol. 
	Noninvasive facial skin measurements. 
	Individual lifestyle survey. 
	Environmental data collection. 
	Statistical analysis. 
	ANOVA and Spearman rank correlation analysis. 
	Principal component analysis (PCA) and the optimal subset regression model. 

	Ethics statements. 

	Results
	Skin status and environmental factor analysis. 
	Skin barrier and skin tone data analysis of 7 cities in China. 
	Meteorological factors and air pollution data analysis of 7 cities in China. 

	Correlation analysis of environmental data and skin data. 
	Correlation analysis of meteorological factors and skin data. 
	Correlation analysis of air pollutant elements and skin data. 

	The impact of individual lifestyle on the skin barrier and skin tone based on PCA. 

	Discussion
	Facial skin barrier and skin tone render regional differences in China. 
	Meteorological factors affect skin status, and pollution triggers skin issues. 
	Individual lifestyle affects skin barrier and skin tone. 

	Conclusions
	References
	Acknowledgements


