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Purpose: As the human body’s largest organ exposed to the external environment, the skin suffers from internal and external aging
factors, leading to wrinkles, loss of elasticity, sagging, and rough appearance. However, little is known of the characteristics of skin
aging of different body parts in Chinese women. Here, we study the signs of extrinsic skin aging in different body parts to identify the
knowledge map of manifestations of aging in Chinese women.
Patients and Methods: Wrinkle and texture phenotypes and collagen samples from the face, neck, hands, and arms of 326 Chinese
women were collected. The correlations between phenotypes and ages and the differences in phenotypes by age were evaluated.
Results: The wrinkle and texture phenotypes around the eyes and mouth and of the hands were strongly correlated with age. Ages 32
and 58 showed the largest number of differentially changed aging phenotypes. The number of aging phenotypes increased sharply
between the ages of 24 and 30, suggesting that the skin was undergoing rapid aging. Eye aging was the most rapidly changing
phenotype between 19 and 30 years old. Wrinkles at the corner of the eyes showed a significant difference in the older group,
suggesting an early onset and long-term effects.
Conclusion: This is the first study to be performed on the characteristics of skin aging among Chinese women that takes account of
multiple areas of the body. It was found that 24 years old was the time point at which the skin begins to age in Chinese women. This
provides important clues for aging-related research and personalized skin care.
Keywords: aging, Chinese women, phenotypes, skin, wrinkles

Introduction
The skin is the largest organ of the human body and is directly exposed to the external environment, thus playing an
important role in maintaining the physiological functions of the human body, such as protection (providing a barrier),
sensation, regulation of body temperature, and immunity. Because aging is a predominant risk factor for several chronic
diseases that limit health span,1 numerous studies of the mechanisms, clinical manifestations, and prevention of skin
aging have been conducted. Increasing numbers of people, particularly women, are pursuing a youthful appearance for
their skin.2 Therefore, research on skin aging is of great significance for the development of skin care treatments and
products to satisfy individuals’ needs.
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Skin aging is generally divided into intrinsic and extrinsic aging.3,4 Intrinsic aging is induced by irresistible factors in
the body (such as aging-induced changes in the endocrine and immune functions) and genetic factors. Extrinsic aging is
caused by environmental exposure, such as solar ultraviolet (UV) radiation, smoking, air pollution, and so on, manifest-
ing in the form of coarse wrinkles, loss of elasticity, laxity, pigmentation, and rough-textured appearance.5,6 Long-term
exposure to UV radiation produces what is called photoaging, a major factor in extrinsic skin aging.6 Skin aging studies
have generally concentrated on facial skin.7,8 Because the neck, arms, and hands are, after the face, among the body parts
most exposed to sunlight, the risk for photoaging is higher than that of other parts of the body.9,10 Moreover, head
movement accelerates the formation of neck wrinkles.9,11,12 Therefore, skin scientists and dermatologists have shown
greater interest in skin aging in these areas, and people with a desire for body rejuvenation also focus on this area.9,13–15

Skin aging is mainly manifested as loss of skin elasticity and further wrinkle formation due to the progressive
disorganization of collagen and elastin during aging.16 Skin aging shows different features in distinct age segments. It
has been reported that facial wrinkles increase sharply from 40 to 50 years old in Chinese women.17,18 The onset of skin
aging in different body parts is also inconsistent among gender, as marionette lines are reported to be more marked and to
progress more rapidly among Chinese women compared with man.19

However, previous studies have usually focused on a single body part, and studies of the characteristics of skin aging
in different parts were still deficient, and aging-related phenotypes were unclear. Moreover, objective aging-related
biophysical parameters have not been well used to classify the different stages of skin aging. The onset of early aging
remains vague. In this study, we recruited 326 healthy Chinese women from 18 to 66 years old. The biophysical
parameters of skin aging in all subjects were collected to identify the aging characteristics in certain body parts and the
phenotypes related to skin aging.

Materials and Methods
Participants and Questionnaire
In all, 326 healthy Chinese women aged 18–66 were recruited into this study, which was performed from May 2020 to
June 2020. All subjects had lived in Shanghai, China for more than 2 years, and the mean body mass index was 22.33 ±
3.66 kg/m2. The exclusion criteria were as follows: subjects with severe diseases (eg, severe hypertension, diabetes,
hepatitis, kidney disease, autoimmune diseases, cancer, and immunosuppression); subjects with moderate and severe
acne in the facial area; those who have potential diseases or other dermatosis and received treatment within half a year
before the study, such as systemic or topical corticosteroid therapy, vasoconstrictors, antibiotics, anti-inflammatory drugs;
those who underwent cosmetic surgery within 1 year; those who were pregnant or breastfeeding.

The study included non-invasive measurements of the face, neck, dorsal and volar forearms, and dorsal hand area
under controlled environmental conditions (room temperature: 20 ± 1°C; relative humidity: 55% ± 3%). After wiping the
regions to be measured with a cotton pad soaked in distilled water, the participants were asked to relax under the same
conditions for 30 minutes. To explore the relationship between lifestyle and aging phenotypes, we conducted
a questionnaire survey on the participants. In total, 324 questionnaires contain information of demographics, skin type,
air conditioning, and lifestyle were collected. Details are shown in Table 1.

Noninvasive Measurements
On the day that measurements were taken, the participants were instructed not to apply any cosmetic or skin care
products. When measuring the face and neck area, participants were asked to maintain a natural sitting posture, looking
straight ahead, and the chin and neck were naturally stretched, showing an obtuse angle. Participants were asked to
maintain a natural standing position with their hands at their sides during the measurement of the forearm and dorsal
hand area. The biophysical parameters including the depth of the wrinkles, the skin texture, and the melanin content were
measured using Antera 3D®. The wrinkle mode of this device allows the measurement of parameters related to fine lines
and wrinkles, including their maximum depth. The texture mode evaluates skin texture by measuring roughness,
including average roughness (Ra), root mean squared roughness (Rq), and elevation span (R1) for small and medium-
sized wrinkles. The melanin mode allows the average concentration of melanin per unit area to be measured.
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Table 1 Description of Study Population Characteristics

Characteristics n %

Age

18–20 7 2.15%

21–30 98 30.06%
31–40 99 30.37%

41–60 80 24.54%
51–60 36 11.04%

61–66 6 1.84%

Declaration of Skin Type

Dry skin 100 30.67%
Oily skin 30 9.20%

Neutral skin 54 16.56%

Combination skin 140 42.94%

Time to sleep

Before 22:00 69 21.17%

22:00–0:00 196 60.12%

0:00–1:00 39 11.96%
After 1:00 20 6.13%

Time spent using electronic products per day

Less than 1h 12 3.68%

1–4h 132 40.49%
5–8h 125 38.34%

More than 8h 55 16.87%

One-way commute time

Less than 30min 120 36.81%
30–60min 153 46.93%

60–90min 42 12.88%

More than 90min 8 2.45%

Frequency of high-sugar food intake

Every day 47 14.42%

Every week 161 49.39%

Every month 39 11.96%
Rarely 74 22.70%

Local air pollution

None 116 35.58%
Slightly 203 62.27%

Severe 4 1.23%

Local air humidity

High 57 17.48%
Suitable 253 77.61%

Low 12 3.68%

Total 326
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Instant assessment of low echogenic band (LEB), intensity and skin thickness were measured using DermaScan®

C USB (Cortex, Denmark). LEB represents the gap between the epidermis and dermis. The larger the LEB value, the
more serious the aging. Intensity represents the skin collagen level. Skin thickness represents the thickness of the
dermis.

The measurement areas are illustrated in Figure 1B, and all abbreviations of the measured phenotypes are shown in
Supplementary Table 1. The method and software used for data processing were detailed in a previous study.20

Statistical Analyses
Spearman correlation analyses were conducted to detect possible relationships between skin phenotypes and physiolo-
gical age. To evaluate the relationships between aging phenotypes, skin type, air conditioning, and lifestyle, a univariate
regression model was used in the study. Estimates and p values for each category within the reference group were derived
from the same regression model after adjustment for confounders. Differential expression-sliding window analyses (DE-
SWAN) were to quantify changes in skin phenotypes in individuals 18 to 66 years old by comparing the phenotype levels
of groups in parcels of 10 years within a window of 20 years.21 Phenotypes that changed significantly different were
identified (False Discovery Rate (FDR) adjusted p value < 0.05). Principal component analysis (PCA) was conducted to
study the difference among all age groups. Phenotype normality was evaluated using the Shapiro-Wilk test. The
statistical differences in the normally distributed phenotypes between different age groups were compared with an
unpaired Student t test (two-tailed). The Mann-Whitney U-test was used to compare phenotypes. P values < 0.05 was
considered to indicate statistical significance. All statistical analyses were conducted using R (version 3.6.2).

Results
Screening of Aging-Related Phenotypes
The age groups are shown in Table 1. A total of 82 biophysical phenotypes related to wrinkles, texture, melanin, LEB,
intensity, and skin thickness were measured in 10 skin areas of 326 females.

To screen aging-related skin phenotypes and compare their characteristics at different points on the skin, we
calculated the Spearman correlation coefficients between physiological age and all measured phenotypes. It was found

Figure 1 Flowchart of Materials and Methods. (A). Flowchart. (B). Schematic diagram of phenotypic measurement areas. 1–10 represent for forehead (FH) (1), right corner
of the eye (RET) (2), under eye (UE) (3), right cheek (RF) (4), right corner of the mouth (RM) (5), right side of the neck (NS) (6), front of the neck (NF) (7), right dorsal
forearm (DF) (8), right volar forearm (VF) (9), and back of the right hand (HB) (10), respectively.
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that 66 of the 82 skin phenotypes were significantly correlated with age (p values < 0.05), with data shown in Figure 2
and Supplementary Table 2. The phenotypes for right corner of the eye (RET), right corner of the mouth (RM), and back
of the right hand (HB) were strongly correlated with age (ρ > 0.6), and HB had the most aging-related phenotypes. Of all
of the phenotypes, those related to wrinkles and texture were strongly correlated with age. Specifically, the volume of
depressions of fine lines (WSO) of RET (RETWSO) and maximum depth of fine lines (WSMD) of RET (RETWSMD),
were strongly positively correlated with age. The volume of depressions of wrinkles (WMO) of RM (RMWMO) and
maximum depth of wrinkles (WMMD) of RM (RMWMMD), were strongly positively correlated with age. The WSO of
HB (HBWSO), WSMD of HB (HBWSMD), WMO of HB (HBWMO), root mean squared roughness of fine lines

Figure 2 Correlation of phenotypes of various body parts and physiological age. The x axis represents values of the Spearman correlation coefficient. The colors represent
the measurement of different skin areas.
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(TSRq), average roughness of fine lines (TSRa), elevation span of fine lines (TSR1) (HBTSRq, HBTSRa, HBTSR1,
respectively) and roughness of wrinkles (HBTMRq, HBTMRq) had a strong positive correlation with age.

Because the skin phenotypes of the face and hands are highly correlated with lifestyle, we selected the most aging-related
phenotypes (RETWSO, RMWMMD, and HBWSO, respectively) among RET, RM, and HB, and constructed a multivariate
regression model to explore association of lifestyle with aging phenotypes. To exclude the influence of confounding factors,
we adjusted for the interaction factors of age, BMI, age and questionnaire questions in the model. It was found that the time to
sleep was strongly associated with RETWSO, RMWMMD, and HBWSO (p values < 0.001). The frequency of high-sugar
food intake was strongly associated with RETWSO and HBWSO (p values < 0.001). Meanwhile, the time spent using
electronic products per day was strongly associated with HBWSO (p values < 0.001), as shown in Table 2. Furthermore,
lifestyle appeared to have a greater impact on HBWSO and less on RMWMMD.

Table 2 Relationships of Ageing Phenotypes with Skin Type, Air Conditioning, and Lifestyle

RETWSO RMWMMD HBWSO

Estimate p-value Estimate p-value Estimate p-value

Declaration of Skin Type

Dry skin vs neutral 0.29 0.567 0.20 0.681 0.97 0.038*

Oily skin vs neutral 0.80 0.245 0.90 0.173 1.18 0.059
Combination skin vs neutral 1.13 0.014* 0.96 0.031 1.41 0.001**

Time to sleep

22:00–0:00 vs before 22:00 2.08 <0.001*** 1.71 <0.001*** 2.91 <0.001***

0:00–1:00 vs before 22:00 2.71 <0.001*** 2.39 <0.001*** 3.47 <0.001***
After 1:00 vs before 22:00 2.97 <0.001*** 3.00 <0.001*** 3.20 <0.001***

Time spent using electronic products per day

1–4 h vs less than 1 h 1.92 0.087 0.80 0.449 4.71 <0.001***
5–8 h vs less than 1 h 2.58 0.022* 1.09 0.302 5.26 <0.001***

More than 8 h vs less than 1 h 1.70 0.141 1.56 0.151 5.28 <0.001***

One-way commute time

30–60 min vs less than 30min 0.68 0.045 0.02 0.947 0.33 0.311

60–90 min vs less than 30min 1.55 0.005** 0.90 0.093 1.15 0.028*

More than 90 min vs less than 30min 1.68 0.424 −1.31 0.528 1.28 0.525

Frequency of high-sugar food intake

Every day vs rarely 1.70 0.001** 1.26 0.014 1.75 <0.001***

Every week vs rarely 1.08 0.006** 0.55 0.147 1.01 0.005**

Every month vs rarely 1.23 0.026* 1.45 0.007 2.00 <0.001***

Local air pollution

Slightly vs nome −0.44 0.209 −0.26 0.429 −0.18 0.585

Severe vs nome 0.95 0.572 −0.18 0.908 0.83 0.599

Local air humidity

High vs suitable −1.13 0.002** −0.59 0.094 −1.42 <0.001***

Low vs suitable −1.09 0.162 0.01 0.991 0.17 0.814

Notes: ***p indicates p value < 0.001; **p indicates p value < 0.01; *p indicates p value < 0.05.
Abbreviations: BMI, body mass index; DE-SWAN, Differential expression-sliding window analyses; PCA, principal component analysis.
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Quantification of Aging-Phenotypic Changes Uncovered the Onset of Presenile Stage
To quantitatively understand aging-related phenotypic changes in Chinese women occurring from 18 to 66 years old, DE-SWAN
software was used to analyze phenotypes levels within a window of 20 years and compare two groups in parcels of 10 years (eg,
20–25 years old was compared to 25–30 years old), while sliding the window in increments of 1 year from young to old. Using
DE-SWAN, we identified phenotypes changing in waves throughout aging periods. All phenotypes that have significantly
differenceswere shown (FDR adjusted p value < 0.5) (Figure 3). Crests at ages 32 and 58were identified by summing the number
of differentially changed phenotypes at each age (Figure 3A). Further crests in facial phenotypes appeared at ages 35 and 53
(Figure 3B). In addition, it was found that the number of differentially changed phenotypes increased rapidly from 24 to 30 years
old, suggesting that the presenile stage of skin aging on the face, neck, hands, and arms may occur at this time. Meanwhile,

Figure 3 Sliding window analyses distinguish waves of aging skin phenotypes, and the aging rates of different body parts. (A) Number of significantly different skin
phenotypes of face, neck, and hands during aging. Two local peaks at the ages of 32 and 58 years were identified by DE-SWAN, and a rapid aging phase was identified
between 25–30 years old. (B) Number of significantly different skin phenotypes of face during aging. (C) Waves of aging phenotypes characterized by DE-SWAN (n = 82).
Within each window, –log10 (p values) was estimated by linear modeling, and significance was tested using the F-test. Local changes attributable to age were assigned on the
basis of the corresponding beta age. (D) Density of significantly different skin phenotypes for all areas in aging. (E) Density of significantly different facial skin phenotypes in
aging. Face represents the sum of RF and RM, Eye represents the sum of RETand UE, Forehead represents FH, Neck represents the sum of NF and NS, Hand represents HB,
and Arm represents the sum of VF and DF.
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phenotypes changes across agingwere identified (Figure 3C). It was found that as age increased, theHB skin gradually roughened
and the wrinkles deepened; the wrinkles at RET deepened, and melanin deposits appeared on right cheek (RF) after 22 years old.
A loss of collagenwas seen onRET,HB, right side of the neck (NS), and front of the neck (NF) after 25 years old. The skin onNS,
HF, right volar forearm (VF), and right dorsal forearm (DF) became rough gradually, and thewrinkles deepened after 40 years old.

Characteristics of Aging Manifestation in Different Body Parts
To study the onset and rate of skin aging in different body parts, we summed the number of differentially changed phenotypes
in different parts (Figure 3D and E). All significantly different phenotypes were identified by DE-SWAN, as mentioned above
(FDR adjusted p value < 0.5). For the facial phenotype, the aging rate of the eyes was the fastest between the ages of 19 and 32
years, followed by the cheeks and corner of mouth and then forehead. Skin around the eyes aged rapidly between the ages of
19 and 32 years, and then the aging rate slowed down. The aging of cheeks and corner of mouth crested at the ages of 30 and
58. The forehead appeared to age slowly before the age of 40, and then tended to flatten out (Figure 3D and E). Neck aging
reached its peak around the age of 50. The aging characteristics of the hands were similar to those of the eyes. Rapid aging
occurred between the ages of 19 and 30, after which the rate slowed. Arm aging was similar to the aging in the cheeks and at
the corner of mouth, peaking at 33 and 56 years old (Figure 3D).

We summarized the aging map of certain body parts according to the age of the earliest significant aging in each part.
All significantly different phenotypes identified by DE-SWAN were involved (FDR adjusted p value < 0.5) (Figure 4).

Figure 4 Knowledge map of aging manifestations in Chinese women. The ages at which aging manifestations first appeared are displayed on the column, and the ages at
which no symptoms of aging appeared are omitted.
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Wrinkles around the eye appeared the earliest (21 years old), followed by wrinkles on the face (22 years old), on
the hands (22 years old), on the neck (25 years old), and on the forehead (30 years old). Collagen loss occurred first on
the cheeks and at the corners of the mouth (19 years old), followed by the neck (21 years old), the hands (22 years old),
the eyes (26 years old), and the forehead (46 years old). Wrinkles appeared around the eye at 21 years old, collagen loss
occurred in the area at 26 years old, and the gap between the dermis and epidermis widened at 30 years old in this area,
with the dermis thickening at 32 years old.

Comparison of Skin Phenotypes in Different Stage of Aging
For difference analyses of skin phenotypes in subjects in different age windows, we detected changes at particular stages
of life. To identify differential phenotypes at different stages of aging, we divided all subjects into four groups, namely,
a young group (≤25 years old), a presenile group (26–32 years old), a middle group (33–57 years old), and an old group
(≥58 years old), according to the time points identified above. Using PCA, it was found that the young group and the
presenile group could not be separated, but they could easily be separated from the middle group and old group
(Figure 5).

To identify the different phenotypes in different age groups, we tested the phenotypes of the presenile group, the
middle group, the old group, and the young group, respectively. For the presenile group, there were few differential
phenotypes compared to the young group (n = 5, adjusted p < 0.05), mainly focused on the eyes, neck, and arms. The
definite manifestations were that the RETWSO were deeper in the presenile group; the fine lines (NFWSO, NFWSMD)
and wrinkles (NFWMO) on the front of the neck (NF) were deeper; and the gap between epidermis and dermis (LEB) on

Figure 5 Skin phenotypes differ in the young group, the presenile group, the middle group, and the old group. (A) PCA results for in different groups. (B) Density of PC1 in
different groups.
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the right dorsal forearm (DF) (DF.LEB) was larger. For the middle group, numerous differential phenotypes were
identified (n = 52, adjusted p < 0.05). The top 10 were mainly focused on HB, RET, RM, and RF. Specifically, the skin
texture on HB (HBTSRa, HBTSRq, HBTSR1) was rougher; the fine lines (HBWSO, HBWSMD) and wrinkles
(HBWMO) on HB were deeper; the fine lines on RET (RETWSO) were deeper; the wrinkles on RM (RMWMO,
RMWMMD) were deeper; and the melanin content on the right cheek (RF) (RF.melanin) was greater. For the old group,
the differential phenotypes were greater (n = 62, adjusted p <0.05). The top 10 were mainly focused on the HB, RF, and
RET. HB had the most differential phenotypes. Specifically, the HB skin texture (HBTSRa, HBTSRq, HBTMRa,
HBTMRq, HBTSR1) was rougher, the fine lines (HBWSO, HBWSMD) and wrinkles (HBWMO) were deeper; the RF
melanin content (RF.melanin) was greater; and the RET fine lines (RETWSMD) were deeper. Details are shown in
Supplementary Table 3.

Discussion
The time of aging occurrence and the severity of age-related features differ among populations. Although the population
of East Asia is the largest population of any world region, little is known of the aging characteristics of Chinese
women.8,22

Because the face is the area of the body most likely to be a social concern, most studies have focused on facial
wrinkles, particularly crow’s feet. People do not strongly recognize the aging characteristics of other body parts.14 The
neck and hands are among the parts of the body most visible to others’ eyes after the face.23 To identify aging-related
features of face, neck, and hands, we evaluated the relationships between all skin phenotypes and physiological age. It
was found that the wrinkles and texture-related phenotypes of RET, RM, and HB were strongly correlated with age. HB
featured the most aging-related phenotypes, but this may also be due to the fact that the largest number of phenotypes in
this study were measured on the back of the hand. To evaluate the differences in the aging phenotypes across different
ages, we quantified the changes in aging-related phenotypes from 18 to 66 years old using DE-SWAN. The number of
differentially changed aging phenotypes reached a peak at 32 and 58 years old. This number of phenotypes increased
sharply between the ages of 24 and 30, suggesting that the presenile stage of the skin of the face, neck, and hands may
occur at this point.

In addition, we created a knowledge map of manifestations of aging. Changes in phenotype and the aging
characteristics of different body parts were identified. For facial aging, the rate of eye aging was the fastest between
the ages of 19 and 30, followed by the cheeks, the corners of mouth, and the forehead. Neck aging reached its peak
around age 50. The hands aged rapidly between the ages of 19 and 30, and then the rate of aging slowed. Arm aging
peaked at around 33 and 56 years old. We identified the ages at which aging manifestations appeared at different body
parts. This information makes it easy to understand, for example, the body parts where wrinkles appear first. We also
identified the earliest signs of aging-related biochemical phenotypes of a given body part. For example, the phenotypes
for eyes and wrinkles appeared earlier than collagen loss.

From the identified time points, the subjects were grouped, and differences in phenotypes were identified between the
old group and the young group. RET wrinkles were significantly different in the presenile group from those in the young
group, the middle group, and the old group, suggesting an early onset and long-term effects of wrinkles on the corners of
the eyes. It has been reported that the severity of eye wrinkles has a significant impact on the perception of age.24 Chinese
women have been found to have significantly more severe wrinkles in the area around the eyes than Japanese women.8,25

Effective anti-wrinkle chemicals have been found, including Argireline and hyaluronic-acid. A study of 60 Chinese
subjects found that Argireline had a significant anti-wrinkle effect on the wrinkles around the eye.26 Another study
showed that Argireline can improve the histological structure of the skin tissue in aged mice and rejuvenate aging skin.27

Moreover, the regular use of anti-wrinkle creams containing hyaluronic acid for over 3 months shows clear and positive
effects on wrinkle-depth and skin-tightness.28 PCA results indicated that the young group and the presenile group could
not be separated, suggesting that existing skin phenotypes are insufficient to describe the characteristics of these two
groups. Follow-up studies are needed to increase the measurement dimensions of biochemical phenotypes and multi-
omics data (eg, epigenomic, proteomic, metabolome, metagenome) to identify presenile features. What’s more,
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corresponding epidemiological investigations and relevant molecular biology experiments were also needed to discover
the mechanisms behind different aging features.

Conclusion
This is the first study on the aging characteristics of Chinese women assessed in multiple skin areas. The aging-related
skin features were identified by correlation analyses. Using sliding window analyses, we characterized the different
stages of aging and identified the onset of the presenile stage. Wrinkle-related phenotypes at the corner of the eyes had
strong correlations with age and showed significant differences in all age groups, characterized by early onset and long-
term effects. In addition, we drew a knowledge map of aging manifestations in different parts to provide new clues for
studies on Chinese female aging. Our results are of great significance for the specific skin care and development of
effective treatment plans for individuals at different ages.
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