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Skin ageing results in wrinkling. In this study, we discuss four types of facial wrinkles: Crow’s Feet 
wrinkles, forehead wrinkles, glabellar frown wrinkles, and nasolabial folds. These four phenotypes 
can be assessed either with a photo-numeric scale developed and validated on Caucasian skin (i.e., 
Caucasian scale) or with a photo-numeric scale developed and validated on Chinese skin (i.e., Chinese 
scale). As Caucasian and Chinese skin have inherent differences, the main objective of this study is to 
determine whether these inherent differences affect the suitability of evaluating facial wrinkles on 
ethnic Chinese skin with a Caucasian scale. Three trained assessors studied four types of wrinkles on 
the faces of 1,081 ethnic Chinese young adults from the Singapore/Malaysia Cross-sectional Genetics 
Epidemiology Study (SMCGES). We found that Caucasian scales and Chinese scales are concordant 
(Spearman’s Rank Correlation (ρ) values: 0.53–0.80) and the level of agreement between the Caucasian 
scales and Chinese scales is moderately high (Cohen’s Kappa (κ) values: 0.40–0.49). When tested 
on ethnic Chinese skin, both the Caucasian scale and the Chinese scale are largely consistent in 
showing presence or absence of a given facial wrinkle (Area under curve (AUC) values: 0.79–0.90). All 
assessors are highly internally consistent (Weighted Kappa (κw) values: 0.686–0.992). Our results build 
confidence that four types of facial wrinkles on ethnic Chinese faces can be assessed with Caucasian 
scales. To the best of our knowledge, Chinese scales for facial wrinkles beyond the four types discussed 
here have yet to be developed. Caucasian scales for these other facial wrinkles will also need to be 
tested for their suitability to be used on ethnic Chinese skin as and when more Chinese scales are 
developed.
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Skin ageing is a complex process which presents itself in a wide-ranging span of phenotypes including wrinkles, 
sagging skin, changes in skin pigmentation, and photodamage.

In our recent systematic review of skin ageing phenotypes1, we compiled a detailed list of 56 skin ageing 
phenotypes identified from published literature and reputable medical books.

While skin ageing phenotypes are evaluated using photo-numeric scales, the bulk of these phenotypes are 
evaluated on scales which are developed and validated on Caucasian skin (i.e., Caucasian scales). Meanwhile, 
our recently published meta-analysis of the risk factors of skin ageing found significant differences in skin 
ageing progression across races2. Importantly, it is known for some time that wrinkle onset and facial wrinkling 
rates differ between Caucasian skin and Chinese skin3. Moreover, Asian races are significantly associated with 
decreased Crow’s Feet wrinkles, forehead wrinkles, and glabellar frown wrinkles4. A recent paper by Zhang et 
al. in 20175 which developed several scales (i.e., Chinese scales) for evaluating facial wrinkles on Chinese skin 
appears to reinforce the idea that Caucasian skin and Chinese skin are different.

However, despite the innate differences between Caucasian and Chinese skin, it is unclear whether Caucasian 
scales remain as suitable assessment tools to evaluate facial wrinkles on the ethnic Chinese skin. The availability of 
both a Caucasian scale and a Chinese scale for evaluating the same facial wrinkle presents us with an opportunity 
to investigate this question.

In this study, we evaluate four facial wrinkles (Crow’s Feet wrinkles, forehead wrinkles, glabellar frown 
wrinkles, and nasolabial folds) on both a Caucasian scale and a Chinese scale and investigate how they compare 
with each other.

Methods
Participant recruitment
The Singapore/Malaysia Cross-sectional Genetics Epidemiology Study (SMCGES) participants were recruited 
for this study. These participants have been described in detail in our previous studies6–8. In brief, the SMCGES 
comprises of participants from Singapore and Malaysia and has been previously studied in epidemiological and 
genetic studies of allergic diseases.

Participant recruitment for the previous study (i.e., the epidemiological and genetic study) was conducted 
through emails and posters from the National University of Singapore, Singapore (2005 to 2023), Universiti 
Tunku Abdul Rahman (UTAR) Campus, Malaysia (2016 to 2018), and Sunway University, Malaysia (2019 and 
2022). These participants were recruited on a walk-in and voluntary basis.

All the participants from collection drives held from 2011 to 2023 and consented to re-contact were invited 
to participate in this present study (i.e., the skin ageing study). A total of 10,248 participants were invited to 
participate in the skin ageing study, of which 3,365 completed the study. All 3,365 participants constitute our 
study population. The demographics of the respondents and non-respondents are largely the same and have 
been previously reported9. In this study, a representative subset of the 3,365 participants was selected for detailed 
analyses by three trained and blinded assessors. This subset comprises of 1,081 ethnic Chinese young adult 
participants (Table 1).

The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practices.

Survey data collection
The SMCGES participants have previously completed a set of investigator-administered, validated International 
Study of Asthma and Allergies in Childhood (ISAAC) questionnaires which collated data on their 
sociodemographic, personal lifestyles, and familial and personal medical history.

Following their completion of the ISAAC questionnaires, the SMCGES participants signed an informed 
consent form to participate in this present study (i.e., the skin ageing study). In this present study, the participants 
completed an investigator-administered skin ageing questionnaire with more personal lifestyle questions (e.g., 
usage of anti-ageing skincare creams, substances, or therapies).

Data on participation in skincare routine is not available. However, data is available for the following 
dichotomous question: ‘Have you ever applied any anti-ageing creams, consumed any anti-ageing substances or 
undergone any anti-ageing therapies?’ Participating in skincare routine and engaging in anti-ageing interventions 
share the same underlying motivation (i.e., taking the initiative to deliberately perform interventional acts which 
are believed to be beneficial to oneself, such as applying cream onto one’s skin). Hence, participation in skincare 
routine is approximated with data on the usage of anti-ageing skincare creams, substances, or therapies.

Image data collection
Investigators acquire photographic documentation of all participants. Photographs are taken using the same 
camera (Canon EOS 6DII Body with a EF85 f/1.4 L IS USM lens) and tripod positioned one metre away from 
the participant. Photographs are taken with identical camera settings, lighting, and positioning at five angles 
– en face, 45° oblique, and 90° side profiles, in line with the standards of recent studies10,11. Photos of four 
facial expressions are taken under standardised conditions at each angle – at-rest, eyes closed, smiling, and with 
eyebrows raised, enabling the study of in-motion skin ageing phenotypes alike what is performed by Zhang et al. 
in 2017 5. In total, 20 photos are collected from each participant.

Evaluation of skin ageing phenotypes
Skin ageing phenotypes are evaluated by three trained assessors. While we did not conduct a live validation, 
the evaluation and validation exercise were conducted shortly after the photographs were taken. Each of the 
three assessors used all 20 photos from each participant to aid the evaluation process. For each of the 1,081 
participants, four kinds of facial wrinkles were evaluated using a total of ten photo-numeric scales. The ten 
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photo-numeric scales are (1) a Caucasian scale for Crow’s Feet wrinkles12, (2) a Chinese scale for Crow’s Feet 
wrinkles at-rest5, (3) a Chinese scale for Crow’s Feet wrinkles in-motion5, (4) a Caucasian scale for forehead 
wrinkles13, (5) a Chinese scale for forehead wrinkles at-rest5, (6) a Chinese scale for forehead wrinkles in-
motion5, (7) a Caucasian scale for glabellar frown wrinkles14, (8) a Chinese scale for glabellar frown wrinkles5, 
(9) a Caucasian scale for nasolabial folds15, and (10) a Chinese scale for nasolabial folds5.

Each of the ten photo-numeric scales is composed of an ordered series of photos. The first photo shows the 
absence of the specific facial wrinkle studied by the scale. Every successive photo shows an increase in the depth 
and number of wrinkles in the target area as compared to the photo which comes immediately before it. The 
target area of the Crow’s Feet wrinkles scale is the skin at the corner of the eyes, the target area of the forehead 
wrinkles scale is the skin of the forehead, the target area of the glabellar frown wrinkles is the skin between the 
eyebrows, and the target area of the nasolabial folds scale is the skin beside the nose.

More details on the validated photo-numeric scales used in our current assessment are reported in Table S1. 
More details on the facial wrinkling scales can also be found in our previous work16.

Before phenotyping the bulk of the participants, photographs of 30 participants are randomly selected and 
openly discussed to reach a consensus among all three assessors. This is done to calibrate the assessment scores. 
After calibration, each of the three trained assessors grades the rest of the photographs independently from the 
other two assessors. Thus, other than a randomly selected handful of participants (n = 30) whose photographs 
are used for calibration purposes; all the 1,081 participants are assessed three times independently.

Statistical analysis
All the photo-numeric scales are standardised.

Two-tailed bivariate correlations for Spearman’s Rank correlation (ρ), Cohen’s Kappa (κ), and weighted kappa 
(κw) are calculated using Version 25 of the IBM Statistical Package for Social Scientists (SPSS/PC). Mean values 
are reported in Table 2 and S3 while raw values split by assessor are reported in Tables S4-S5. Weighted kappa 
coefficients (κw) for intra-assessor agreement are reported in Table S6. The strengths are interpreted as follows – 
0.00-0.19: very weak, 0.20–0.39: weak, 0.40–0.59: moderate, 0.60–0.79: strong, and 0.80-1.00: very strong.

Bubble plots (Fig. 1 and S1) compare the mean scores given on the Caucasian scale and the Chinese scales for 
four wrinkling phenotypes: (i) Crow’s Feet wrinkles, (ii) forehead wrinkles, (iii) glabellar frown wrinkles, and 
(iv) nasolabial folds. A linear relationship is assumed for computing the equation for the goodness of fit and the 

Characteristic Participants evaluated (n = 1,081)

Age, mean (SD), y 26.15 ± 8.11a

Height, mean (SD), cm 166.03 ± 8.60a

Weight, mean (SD), kg 60.96 ± 12.60a

Age range, y 18 to 73

BMI, mean (SD), kg/m2 22.02 ± 3.99 a

Sexc

 Male 420 (38.85%)b, d

 Female 661 (61.15%)b, d

Racec

 Chinese 1,081 (100%)b

 Malay 0 (0%)b

 Indian 0 (0%)b

 Others 0 (0%)b

Total monthly family income per capita

 Low 117 (10.82%)b, d

 Moderate 275 (25.44%)b, d

 High 226 (20.91%)b, d

 Very high 446 (41.26%)b, d

 Missing/Invalid 17 (1.57%)b, d, e

Housing

 Flat 664 (61.42%)b, d

 Condominium/Private Apartment 320 (29.60%)b, d

 Landed Property 76 (7.03%)b, d

 Missing/Invalid 21 (1.94%)b, d, e

Table 1.  Demographics of Singapore and Malaysia ethnic Chinese participants recruited from the Singapore/
Malaysia Cross-sectional Genetics Epidemiology Study (SMCGES) for the current assessment. a The values 
after ± are standard deviation values. b Data are presented as number (percentage) of study participants. c 
Sex and race are self-reported. d Percentages may not total 100 due to rounding. e Missing/Invalid refers to 
responses that are either left blank or otherwise invalid. SD, standard deviation; y, years, cm, centimetres; kg, 
kilograms, BMI, body mass index; kg/m2, kilograms per square metre.
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corresponding coefficient of determination (R2) value. The strength of the R2 value is interpreted as follows – 
0.00-0.19: very weak, 0.20–0.39: weak, 0.40–0.59: moderate, 0.60–0.79: strong, and 0.80-1.00: very strong.

The area under curve (AUC) of the Receiver Operator Characteristic (ROC) curve is computed using SPSS. 
Mean values are reported in Table 2 and S3 while raw values split by assessor are reported in Figures S2-S5. The 
strength of the AUC is interpreted as follows – 0.51–0.59: very weak, 0.60–0.69: weak, 0.70–0.79: fair, 0.80–0.89: 
strong, and 0.90-1.00: very strong.

Pair-wise comparisons were conducted using chi-square tests to evaluate the proportion of participants with 
facial wrinkles of different severity levels when stratified by age. Four facial wrinkles were evaluated in this 
manner: (i) Crow’s Feet wrinkles (Figure S6i), forehead wrinkles (Figure S6ii), glabellar frown wrinkles (Figure 
S6iii), and nasolabial folds (Figure S6iv). Chi-square trend tests are performed to evaluate whether the changes 
in these proportions follow a significant trend with chronological age (Figures S6i-iv).

Participants were also stratified according to whether they practice skincare routines. Another set of pair-
wise comparisons was also conducted in both stratified groups to evaluate the proportion of participants with 
facial wrinkles of different severity levels when further stratified by age (Figures S7-S10). Chi-square trend tests 
are performed to evaluate whether the changes in these proportions follow a significant trend with chronological 
age in participants who practice skincare routines and in participants who do not practice skincare routines 
(Figures S7-S10).

Results
Participant demographics
The 1,081 participants evaluated in this current study present a representative overview of the epidemiology 
of skin ageing in the Singapore ethnic Chinese young adult population. The same 1,081 participants have been 
previously evaluated for aspects of photo-ageing in our earlier work9. There are more females (n = 661, 61.15%) 
than males in our current study. On average, participants are 26.15 ± 8.11 years old, 166.03 ± 8.60 cm in height, 
60.96 ± 12.60 kg in weight, and have a BMI of 22.02 ± 3.99 kg/m2. Our study population consists predominantly 
of young adults aged 21 to 30. The youngest participant is 18 years’ old, and the oldest participant is 73 years’ 
old (Figure S11). Most participants have a total monthly family income per capita of ≥ 6,000 Singapore dollars 
(SGD) (n = 446, 41.26%). Most participants stay in HDB public housing (n = 664, 61.42%) (Table 1).

Despite being a relatively young study group, we report that the way facial wrinkles manifest in one age group 
is significantly different from another age group (Figures S6i-iv). We treat participants aged 18 to 20 years old as 
the reference group. When measured on the Crow’s Feet wrinkles scale by Tsukahara et al.12, participants aged 21 
to 25 years old (p-value = 3.41 × 10− 15), participants aged 26 to 30 years old (p-value = 4.21 × 10− 10), participants 
aged 31 to 35 years old (p-value = 3.31 × 10− 18), participants aged 36 to 40 years old (p-value = 1.32 × 10− 17), and 
participants aged above 40 years old (p-value = 2.63 × 10− 121) exhibit significantly more Crow’s Feet wrinkles as 
compared to the reference group (Figure S6i). The severity of Crow’s Feet wrinkles also increases progressively 
with age (Chi-square trend test p-value < 0.001) (Figure S6i).

Similar observations are made for a different facial wrinkle: forehead wrinkles. Forehead wrinkles 
are assessed through a photo-numeric scale by Flynn et al.13. Participants aged 21 to 25 years old 
(p-value = 6.04 × 10− 10), participants aged 26 to 30 years old (p-value = 8.71 × 10− 7), participants aged 31 to 35 
years old (p-value = 3.16 × 10− 12), participants aged 36 to 40 years old (p-value = 4.75 × 10− 14), and participants 
aged above 40 years old (p-value = 2.88 × 10− 55) exhibit significantly more photo-ageing as compared to the 
reference group (Figure S6ii). The severity of forehead wrinkles also increases progressively with age (Chi-square 
trend test p-value < 0.001) (Figure S6ii).

Measurement

Phenotype

Crow’s Feet wrinkles Forehead wrinkles Glabellar frown wrinkles
Nasolabial 
folds

Mean Spearman’s Rank Correlation (ρ)
Value 0.53 ± 0.03 0.66 ± 0.02 0.78 ± 0.03 0.80 ± 0.01

p-Value 1.00 × 10− 80 2.21 × 10− 134 9.24 × 10− 224 8.50 × 10− 245

Mean Cohen’s Kappa (κ)
Value 0.42 ± 0.26 0.40 ± 0.32 0.40 ± 0.02 0.49 ± 0.20

p-Value 2.28 × 10− 7 1.83 × 10− 8 4.17 × 10− 94 2.33 × 10− 3

Mean area under curve (AUC) of 
the Receiver Operator Characteristic 
(ROC) curve

When the Caucasian 
photo-numeric scale is the 
gold standard

0.82 ± 0.07 0.84 ± 0.09 0.90 ± 0.10 0.79 ± 0.05

When the Chinese at-rest 
photo-numeric scale is the 
gold standard

0.61 ± 0.06 0.62 ± 0.04 0.84 ± 0.12 0.77 ± 0.04

Mean Coefficient of determination (R2) for the equation for the 
goodness of fit 0.8749 0.8924 0.8748 0.8925

Equation for the goodness of fit
Chinese scale =
2.1024 × Caucasian 
scale + 0.0252

Chinese scale =
2.0424 × Caucasian 
scale + 0.0225

Chinese scale =
2.1862 × Caucasian 
scale + 0.0115

Chinese 
scale = 1.853 
× Caucasian 
scale + 0.0119

Table 2.  Comparison1 between the caucasian photo-numeric scale and the Chinese at-rest photo-numeric 
scale for assessing four skin wrinkling phenotypes: (i) Crow’s Feet wrinkles, (ii) forehead wrinkles, (iii) 
glabellar frown wrinkles, and (iv) nasolabial folds. 1 Means are calculated from three assessors.
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Fig. 1.  i, ii Bubble plots. Compare the Caucasian photo-numeric scale and the Chinese at-rest photo-numeric 
scale for the same phenotype (i) Crow’s Feet wrinkles, and (ii) forehead wrinkles. Means scores calculated 
from three assessors on the Chinese photo-numeric scale were plotted against mean scores calculated from 
the same three assessors on the Caucasian photo-numeric scale. Larger circles indicate greater concordance 
between the two scales. Numbers in the circles are the number of concordances. The sample size of each plot is 
1,081 participants. (iii), (iv) Bubble plots. Compare the Caucasian photo-numeric scale and the Chinese at-rest 
photo-numeric scale for the same phenotype (iii) glabellar frown wrinkles, and (iv) nasolabial folds. Means 
scores calculated from three assessors on the Chinese photo-numeric scale were plotted against mean scores 
calculated from the same three assessors on the Caucasian photo-numeric scale. Larger circles indicate greater 
concordance between the two scales. Numbers in the circles are the number of concordances. The sample size 
of each plot is 1,081 participants.
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Next, we look at glabellar frown wrinkles as assessed through the photo-numeric scale by Honeck 
et al.14. Participants aged 21 to 25 years old (p-value = 1.28 × 10− 4), participants aged 26 to 30 years old 
(p-value = 6.28 × 10− 5), participants aged 31 to 35 years old (p-value = 6.00 × 10− 6), participants aged 36 to 
40 years old (p-value = 1.35 × 10− 8), and participants aged above 40 years old (p-value = 6.81 × 10− 79) exhibit 
significantly more severe glabellar frown wrinkles as compared to the reference group (Figure S6iii). Glabellar 
frown wrinkles also steadily increase with age (Chi-square trend test p-value < 0.001) (Figure S6iii).

Lastly, we analysed nasolabial folds using a photo-numeric scale by Narins et al.15. Participants aged 21 to 
25 years old (p-value = 6.45 × 10− 15), participants aged 26 to 30 years old (p-value = 1.98 × 10− 9), participants 
aged 31 to 35 years old (p-value = 2.86 × 10− 16), participants aged 36 to 40 years old (p-value = 2.91 × 10− 23), and 
participants aged above 40 years old (p-value = 1.71 × 10− 92) exhibit significantly more severe nasolabial folds as 
compared to the reference group (Figure S6iv). Nasolabial folds also steadily increase with age (Chi-square trend 
test p-value < 0.001) (Figure S6iv).

Comparisons between the Caucasian scales and Chinese scales
Concordance between Chinese scales
Currently, there are not many photo-numeric scales evaluating facial wrinkles which are designed specifically 
for Chinese skin. As of writing, there are only six photo-numeric scales designed to evaluate four kinds of facial 
wrinkles on Chinese skin. The six photo-numeric scales are (1) a scale for Crow’s Feet wrinkles at-rest5, (2) a 
scale for Crow’s Feet wrinkles in-motion5, (3) a scale for forehead wrinkles at-rest5, (4) a scale for forehead 
wrinkles in-motion5, (5) a scale for glabellar frown wrinkles5, and (6) a scale for nasolabial folds5.

Here, we focus on the two Chinese scales which evaluate Crow’s Feet wrinkles at-rest and in-motion. Both 
Chinese scales behave similarly (Figure S1, Tables S2, S3 and S7) and we selected the Chinese at-rest Crow’s Feet 
wrinkles scale for further study.

Similarly, there are two Chinese scales for forehead wrinkles (Figure S1, Tables S2, S3 and S7): forehead 
wrinkles at-rest and in-motion; we selected the Chinese at-rest forehead wrinkles scale for further study because 
it has a simple relationship with the Caucasian forehead wrinkles scale.

Facial features more common in the Chinese as opposed to Caucasians include epicanthal folds, a narrower 
palpebral fissure, a less apparent upper eyelid crease, a wider intercanthal distance, an upward lateral canthal 
tilt17, floating forehead or the calves, and specific landmarks in the periorbicular area. These facial features could 
also be evaluated in the future if they are found to undergo changes as one’s age increases.

Level of agreement among assessors
To test the agreement between two gradings of the same image by the same assessor, the weighted kappa for 
intra-assessor was calculated for each of the three assessors and for all the Caucasian scales and Chinese scales. 
Grades given by each of the three assessors have high inter-assessor consistency (Tables S4 and S5). Weighted 
kappa coefficients (κw) for intra-assessor range from strong (0.686) to very strong (0.992) (Table S6).

Concordance and level of agreement between the Caucasian scales and Asian scales
Using the mean evaluation of three assessors, we found that Caucasian scales and Chinese scales are moderate-to-
very-strongly concordant in evaluating facial wrinkles in the ethnic Chinese. Caucasian scales and Chinese scales 
are moderately concordant in evaluating Crow’s Feet wrinkles (Spearman ρ = 0.53 ± 0.03, p-value = 1.00 × 10− 80), 
strongly concordant in evaluating both forehead wrinkles (Spearman ρ = 0.66 ± 0.02, p-value = 2.21 × 10− 134) 
and glabellar frown wrinkles (Spearman ρ = 0.78 ± 0.03, p-value = 9.24 × 10− 224), and very strongly concordant 
in evaluating nasolabial folds (Spearman ρ = 0.80 ± 0.01, p-value = 8.50 × 10− 245) (Table 2).

The level of agreement between Caucasian scales and Chinese scales is moderately high (κ ranges from 0.40 
to 0.49) for all four facial wrinkling phenotypes. Caucasian scales and Chinese scales have moderate levels of 
inter-scale agreement in evaluating all four facial wrinkling phenotypes: Crow’s Feet wrinkles (κ = 0.42 ± 0.26, 
p-value = 2.28 × 10− 7), forehead wrinkles (κ = 0.40 ± 0.32, p-value = 1.83 × 10− 8), glabellar frown wrinkles 
(κ = 0.40 ± 0.02, p-value = 4.17 × 10–94), and nasolabial folds (κ = 0.49 ± 0.20, p-value = 2.33 × 10− 3) (Table 2).

Goodness of fit between the Caucasian scales and Asian scales
The Caucasian scales are 5-point scales (Grades 0–4) in which the severity of the phenotype is clearly reinforced 
with each photo. In contrast, the Chinese scales are 10-point scales (Grades 0–9) with a smoother gradation in 
the severity of the phenotypes presented (Fig. 1). The Chinese scales therefore allow facial wrinkling phenotypes 
to be studied at a greater resolution.

We determined that the relationship between the Caucasian scale and the Chinese scale largely follows a 
1:2 ratio in which an increase of one grade on the Caucasian scale approximately corresponds to an increase of 
two successive grades on the Chinese scale. For instance, most participants graded as Grade 0 (out of 4) on the 
Caucasian scale are graded as either Grade 0 or 1 (out of 9) on the Chinese scale. In detail, the Chinese scale to 
Caucasian scale ratio is approximately 1:2.1024 (R2 = 0.8749) for Crow’s Feet wrinkles, 1:2.0424 (R2 = 0.8924) for 
forehead wrinkles, 1:2.1862 (R2 = 0.8748) for glabellar frown wrinkles, and 1:1.853 (R2 = 0.8925) for nasolabial 
folds (Fig. 1). The coefficient of determination (R2) for the equation for the goodness of fit is very strong (0.8748 
to 0.8925) for all four facial wrinkling phenotypes. Thus, the Chinese scale enables a stricter characterisation of 
wrinkle progression on the ethnic Chinese skin.

Area under curve (AUC) between the Caucasian scales and Asian scales
When the Caucasian scale is taken as the gold standard, the Chinese scale has a strong predictive accuracy in 
discerning the presence of Crow’s Feet wrinkles (AUC = 0.82 ± 0.07) and forehead wrinkles (AUC = 0.84 ± 0.09). 
Glabellar frown wrinkles can be very strongly discerned (AUC = 0.90 ± 0.10) while the presence or absence of 
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nasolabial folds are fairly strongly distinguishable apart from each other (AUC = 0.79 ± 0.05) (Table 2). In other 
words, when the Caucasian scale is taken as the gold standard, the Chinese scale also correctly identifies the 
presence or absence of a facial wrinkle in most instances. This evidence suggest that Caucasian scales are suitable 
assessment tools to evaluate Crow’s Feet wrinkles, forehead wrinkles, glabellar frown wrinkles, and nasolabial 
folds on the ethnic Chinese facial skin.

In comparison, when the Chinese scale is taken as the gold standard, the Caucasian scale is less capable in 
distinguishing between the presence and absence of Crow’s Feet wrinkles (AUC = 0.61 ± 0.06) and forehead 
wrinkles (AUC = 0.62 ± 0.04). Glabellar frown wrinkles can still be strongly discerned (AUC = 0.84 ± 0.12) 
and the presence or absence of nasolabial folds can still be distinguishable apart fairly well (AUC = 0.77 ± 0.04) 
(Table 2).

Discussion
Participant demographics
Singapore being a racially diverse country, enables the recruitment of participants of diverse races. However, an 
unequal proportion and sampling probability exists among some races, with only ethnic Chinese remaining as 
the major racial group with a large enough sample size. We therefore focused only on the ethnic Chinese, from 
which, we obtained a subset of 1,081 participants to analyse in our current study. Future analyses and description 
of skin ageing in other races (e.g., Malays and Indians) and dual-race participants will be possible when the 
number of participants of the above races grows sufficiently large through progressive, annual recruitment drives 
to expand the Singapore/Malaysia Cross-sectional Genetics Epidemiology Study (SMCGES).

The participants assessed in the current study largely have no or slight wrinkles (Fig. 1 and S1, Table S2). 
Hence, the correlation between the Caucasian and Chinese photo-numeric scales in our current assessment 
should be interpreted in the context of a group whose facial wrinkles are just beginning to emerge.

A facial wrinkle scale has two broad objectives. First, it must be able to detect the presence or absence of a 
wrinkle. Secondly, the series of photos used to construct the scale should capture a smooth and gradual increase 
in the severity of the facial wrinkle evaluated by the scale.

As most of the participants in this study have no wrinkles or have barely visible wrinkles, we seized the 
opportunity to rigorously test the ability of the Caucasian and Chinese facial wrinkle scales to meet the first 
objective. Our study also partially satisfied the second objective as we have a sizable number of participants 
with moderately severe wrinkles (Fig. 1 and S1, Table S2). Ongoing efforts to expand the SMCGES through 
annual recruitment drives will add more participants with severe wrinkles, enabling us to confirm our findings 
for higher wrinkle grades. Future work to increase the number and diversity of assessors could also allow us to 
better confirm our findings.

Comparing Caucasian scales and Chinese scales
Many researchers have attempted to understand how age affects the skin by designing ways to quantify skin 
ageing, one of which is a photo-numeric scale. Photo-numeric scales are considerably better than previously 
available tools for evaluating skin ageing18. Thus, photo-numeric scales became an area of intense research 
interest19–22. This eventually led to the proliferation of many scales developed and validated on Caucasian skin, 
with each scale specialising in a specific type of wrinkle or a specific form of skin ageing13,15,20,23. Meanwhile, 
multiple publications also began reporting that differences exist in skin ageing progression across races3. In our 
recent meta-analysis, we found that these differences across races are significant2. The timing that the collective 
community realises that people of different races have inherently different skins roughly coincided with the 
timing that ethnic-specific scales (including Chinese ones) to describe skin ageing in different ethnic groups 
start gaining research interest18,24–26.

The main objective of this study is to determine whether the inherent differences between Chinese and 
Caucasian skin affect the suitability of evaluating facial wrinkles on the ethnic Chinese skin with a Caucasian 
scale. To achieve our objective, we must address two related questions.

Firstly, we must understand how similar and different it is to evaluate the same facial wrinkle (e.g., Crow’s 
Feet wrinkles) on the ethnic Chinese skin with a Chinese scale and a Caucasian scale.

Secondly, we must identify the motivations to create Chinese wrinkling scales. Specifically, we wonder 
whether the recent interest in developing Chinese scales is the outcome of an increased collective understanding 
that different races have different skin, or whether the interest in developing Chinese scales is because of 
irreconcilable differences between Caucasian and Chinese skin that made it challenging, if not impossible, to use 
a Caucasian scale to evaluate Chinese skin.

To figure out whether it is possible and practical to evaluate Chinese skin on a Caucasian scale, we graded 
many Chinese participants on both a Caucasian scale and a Chinese scale and compared the results.

We closely consulted a systematic review of clinical scales by Dobos et al.27 to identify the best scales to use to 
evaluate the four facial wrinkling phenotypes. In this systematic review of clinical scales, the researchers studied 
multiple skin ageing phenotypes from the Skin Ageing Atlas by Bazin et al.28. The researchers also evaluated a 
9-point forehead wrinkle scale, a 7-point glabellar frown wrinkles scale, and an 8-point nasolabial folds scale by 
Bazin et al.28. In total, 111 skin ageing instruments were subjected to a methodological appraisal by the research 
team, using parameters such as internal consistency, reliability, measurement error, content validity, structural 
validity, hypothesis testing, cross-cultural validity, criterion validity, and responsiveness. The scales by Bazin et 
al. 2007 were evaluated to be ‘excellent’ only for two parameters: content validity and criterion validity.

Dobos et al. (2015) also appraised the methodology of other skin ageing instruments for evaluating facial 
wrinkles. For instance, the 5-point upper face ageing scale by Flynn et al.13 is positively appraised for its 
interrater reliability, intrarater reliability, hypothesis testing, and validity. The 5-point glabellar wrinkles scale14 
by Honeck et al. (2003) and the nasolabial folds scale by Narins et al.15 are both positively rated for reliability. 
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Lastly, the 5-point Crow’s Feet wrinkles scale12 by Tsukahara et al. (2000) received positive ratings for content 
validity. Overall, Dobos et al.27 concluded that the 5-point upper face ageing scale13 by Flynn et al. (2012), the 
5-point glabellar wrinkles scale14 by Honeck et al. (2003), the 5-point Crow’s Feet wrinkles scale12 by Tsukahara 
et al. (2000), and the 5-point nasolabial folds scale15 by Narins et al. (2012) are ‘higher performing scales’ that 
outperform the others. Thus, we conducted our facial wrinkle assessments using the upper face ageing scale by 
Flynn et al.13, the glabellar wrinkles scale14 by Honeck et al. (2003), the nasolabial folds scale by Narins et al.15, 
and the Crow’s Feet wrinkles scale12 by Tsukahara et al. (2000).

We found that the Caucasian scale had strong or very strong correlations (Spearman ρ ≥ 0.66) with the 
Chinese scale for forehead wrinkles, glabellar frown wrinkles, and nasolabial folds, and moderately strong 
correlations for Crow’s Feet wrinkles (Spearman ρ = 0.53) (Table 2). We also found that these high correlations 
persist across time (strong/very strong intra-assessor grading consistency: 0.686–0.992) (Table S6), persist 
across assessors (moderately high inter-scalar reliability: 0.40–0.49 (Table 2)), and have a high inter-assessor 
intra-scalar consistency (Tables S4 and S5)). We interpret these results to mean that using either a Caucasian 
scale or a Chinese scale to evaluate Chinese skin gives largely the same results and these results remain valid 
across multiple assessors and across two time points. Although there are currently no gold standards for grading 
facial wrinkles, the moderately high inter-scalar reliability suggests that Caucasian scales are a valid comparative 
measurement to Chinese scales for evaluating ageing on the Chinese skin.

We interpret that our results are indicative that the facial wrinkles on Chinese skin can be evaluated equally 
well on the Caucasian scales and the Chinese scales. As the Caucasian skin is known in the literature to wrinkle 
more than the skin of other races, the design of the Caucasian facial wrinkle scales tends to emphasise capturing 
wrinkles on the face. We have shown that these high-performing Caucasian facial wrinkle scales are suitable for 
evaluating facial wrinkles on Chinese skin. Taking into consideration its design objectives, at first glance, the 
Caucasian scales could arguably fare better than the respective Chinese facial wrinkle scales in capturing subtle 
wrinkles on Chinese skin. However, the Chinese facial wrinkle scales made up for this apparent shortcoming by 
being 10-point scales (Grades 0–9) with a smoother gradation in the severity of the phenotypes presented (Fig. 1, 
Table S2) as opposed to the 5-point (Grades 0–4) Caucasian facial wrinkle scales. In doing so, the Chinese scales 
allow facial wrinkling phenotypes to be studied at a greater resolution. Overall, we found two things. Firstly, both 
the Caucasian scales and the Chinese scales have their own strengths. Secondly, when the Caucasian scales and 
the Chinese scales are used to assess the same wrinkle, both scales consistently deliver similar results.

As it has been reported in the literature that Asian races are significantly associated with decreased Crow’s 
Feet wrinkles, forehead wrinkles, and glabellar frown wrinkles4, we needed a reliable and validated way to report 
fine and barely noticeable wrinkles on the Chinese face. We found that using the Caucasian scale, most (n = 983, 
91%) of our participants are identified to have a mean score between Grade 0 (i.e., no wrinkles) and Grade 1 
(Fig. 1i, Table S2). This is consistent with the literature about Asians having decreased Crow’s Feet wrinkles4. 
When the same participants were scored on the Chinese scale, we observe a wider spread in which participants 
were sorted into Grades 1, 2, 3, and 4 (out of 9) (Fig.  1i, Table S2). A very similar distribution can be seen 
for forehead wrinkles (Fig. 1ii, Table S2) and nasolabial folds (Fig. 1iv, Table S2). Most (n = 883, 82%) of our 
participants do not have glabellar frown wrinkles (Fig. 1iii, Table S2) and our observation follows the expected 
results in the literature about fewer glabellar frown wrinkles in Asians4.

We can draw two conclusions from our findings. Firstly, our results are consistent with the literature that 
Asian skin has decreased Crow’s Feet wrinkles, forehead wrinkles, and glabellar frown wrinkles. Additionally, 
we contribute to and strengthen the literature by showing that ethnic Chinese skin from Singapore and Malaysia 
also follows this pattern.

Secondly, our analyses support the idea that the inherent differences between Caucasian and Chinese skin 
do not compromise the suitability to use a Caucasian scale to evaluate Chinese skin. Rather, it is our increased 
collective understanding that different races have different skin (such as how Asian skin has decreased Crow’s 
Feet wrinkles, forehead wrinkles, and glabellar frown wrinkles) that led to the development of Chinese scales. 
These Chinese scales are in turn, better designed scales to capture fine and barely noticeable wrinkles on the 
ethnic Chinese skin.

The same study4 also identified that Asian races are significantly associated with decreased perioral wrinkles. 
At present, Chinese scales for perioral wrinkles have yet to be developed. Future work in this area can proceed 
when a Chinese scale for perioral wrinkles is developed. Such a scale should then be compared against an 
existing Caucasian scale for perioral wrinkles to investigate whether this newly developed Chinese scale for 
perioral wrinkles can capture fine and barely noticeable perioral wrinkles better than the Caucasian scale does 
on Chinese skin.

Beneficial effects of skincare routine on facial wrinkling
We have previously analysed the effects of anti-ageing interventions on skin sagging (eyebags, droopy eyelids, low 
eyebrow positioning)29. We wondered whether skincare routines bring about similar effects for facial wrinkling 
phenotypes. We found that practicing skincare routines have beneficial effects for Crow’s Feet wrinkles, forehead 
wrinkles, glabellar frown wrinkles, and nasolabial folds.

Firstly, we used the Caucasian scale by Tsukahara et al.12, the Chinese at-rest scale by Zhang et al.5 and the 
Chinese in-motion scale by Zhang et al.5 to evaluate Crow’s Feet wrinkles. We found that among participants 
who practice skincare routines, Crow’s Feet wrinkles do not significantly increase in severity from 26 to 40 
years old (Chi-square test p-value ≥ 0.0902) (Figure S7i). In contrast, among participants who do not practice 
skincare routines, Crow’s Feet wrinkles steadily increase in severity from 26 to 40 years old (Chi-square test 
p-value ≤ 0.05) (Figure S7ii). Earlier in this paper, we established that when the Caucasian scales and the Chinese 
scales are used to assess the same wrinkle, both scales consistently deliver similar results. Here, we also found that 
when Crow’s Feet wrinkles are assessed using the Chinese at-rest scale, people who practice skincare routines 
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also do not see a significant increase in the severity of Crow’s Feet wrinkles from 26 to 40 years old (Chi-square 
test p-value ≥ 0.0672) (Figure S7iii). In comparison, people who do not practice skincare routines have Crow’s 
Feet wrinkles that become steadily more severe from 26 to 40 years old (Chi-square test p-value ≤ 0.05) (Figure 
S7iv). The same effects are seen for the Chinese in-motion scale, but in a narrower age band (26 to 35 years old) 
(Figures S7v-vi).

Secondly, we used the Caucasian scale by Flynn et al.13, the Chinese at-rest scale by Zhang et al.5 and the 
Chinese in-motion scale by Zhang et al.5 to evaluate forehead wrinkles. We found that among participants who 
practice skincare routines, forehead wrinkles do not significantly increase in severity from 18 to 40 years old 
(Chi-square test p-value ≥ 0.204) (Figure S8i). In contrast, among participants who do not practice skincare 
routines, forehead wrinkles steadily increase in severity from 18 to 40 years old (Chi-square test p-value < 0.001) 
(Figure S8ii). Like the case with Crow’s Feet wrinkles, we also found that when forehead wrinkles are assessed 
using the Chinese at-rest scale, people who practice skincare routines also do not see a significant increase 
in the severity of forehead wrinkles from 18 to 40 years old (Chi-square test p-value ≥ 0.642) (Figure S8iii). 
In comparison, people who do not practice skincare routines have forehead wrinkles that become steadily 
more severe from 18 to 40 years old (Chi-square test p-value ≤ 0.05) (Figure S8iv). When assessed using the 
Chinese in-motion scale, forehead wrinkles among participants who practice skincare routines maintained at a 
constant severity level from 18 to 30 years old (Chi-square test p-value ≥ 0.0577) (Figure S8v), and maintained 
at a constant, higher severity level from 31 to 40 years old (Chi-square test p-value ≥ 0.0708) (Figure S8v). In 
contrast, forehead wrinkles among participants who do not practice skincare routines become steadily more 
severe from 18 to 40 years old (Chi-square test p-value ≤ 0.05) (Figure S8vi).

Thirdly, we used the Caucasian scale by Honeck et al.14 and the Chinese scale by Zhang et al.5 to evaluate 
glabellar frown wrinkles. We found that while glabellar frown wrinkles do not significantly increase in severity 
from 26 to 40 years old for people who do not practice skincare routines (Chi-square test p-value ≥ 0.248) 
(Figure S9ii), this youthfulness persists longer from 18 to 40 years old for people who practice skincare routines 
(Chi-square test p-value ≥ 0.362) (Figure S9i). We see similar effects when glabellar frown wrinkles are graded 
on the Chinese photo-numeric scale for glabellar frown wrinkles, but the youthfulness persisted in a narrower 
age band (26 to 35 years old) (Figure S9iv). When graded on the Chinese scale for glabellar frown wrinkles, 
while these facial wrinkles do not significantly increase in severity from 26 to 35 years old for people who do 
not practice skincare routines (Chi-square test p-value ≥ 0.201) (Figure S9iv), this youthfulness persists longer 
from 18 to 40 years old for people who practice skincare routines (Chi-square test p-value ≥ 0.400) (Figure S9iii).

Lastly, we used the Caucasian scale by Narins et al.15 and the Chinese scale by Zhang et al.5 to evaluate 
nasolabial folds. On first glance, we found that the development of nasolabial folds across different age groups, 
when evaluated on the Caucasian scale by Narins et al.15, is similar regardless of whether one practices skincare 
routines (Figures S10i-ii). The benefits of practicing skincare routines become apparent when the Chinese scale 
by Zhang et al.5 is used, as this 10-point scale allows facial wrinkling phenotypes to be studied at a greater 
resolution. People who practice skincare routines do not see a significant increase in the severity of nasolabial 
folds from 26 to 40 years old (Chi-square test p-value ≥ 0.0814) (Figure S10iii). In comparison, people who do 
not practice skincare routines have nasolabial folds that become steadily more severe from 18 to 40 years old 
(Chi-square test p-value ≤ 0.05) (Figure S10iv).

Overall, practicing skincare routines delays the onset or severity of facial wrinkling phenotypes. However, 
as the four facial wrinkles (Crow’s Feet wrinkles, forehead wrinkles, glabellar frown wrinkles, nasolabial folds) 
have individual developmental timelines, the beneficial effects of practicing skincare routines on these four 
phenotypes become the most apparent at different age ranges. All three scales (Caucasian scale, Chinese at-rest 
scale, Chinese in-motion scale) agree that practicing skincare routines are associated with delays in the onset 
and progression of Crow’s Feet wrinkles from 26 to 35 years old, delays in the onset and progression of forehead 
wrinkles from 18 to 30 years old, and delays in the onset and progression of forehead wrinkles from 31 to 40 
years old. Both the Caucasian scale and the Chinese scale agree that practicing skincare routines is associated 
with an extended delay in the progression of glabellar frown wrinkles by eight years from 26 to 40 years old to 
18 to 40 years old. Practicing skincare routines is also associated with delays in the onset and progression of 
nasolabial folds from 26 to 40 years old.

Our results show that the appropriate age range for studying some facial wrinkling phenotypes, such as 
Crow’s Feet wrinkles can be as young as 18 to 40 years old. We also show evidence that practicing skincare 
routines is associated with beneficial effects even when such skincare routines are practiced in people as young 
as 18 years old.

A potential limitation is that the data collected does not distinguish between anti-ageing interventions and 
skincare routines. Instead, we have shown that taking the initiative in performing deliberate interventional acts 
on the skin, such as applying facial creams, have significant benefits to facial wrinkling phenotypes.

Conclusion
In conclusion, our three trained assessors independently evaluated four types of facial wrinkles on 1,081 ethnic 
Chinese young adults: Crow’s Feet wrinkles, forehead wrinkles, glabellar frown wrinkles, and nasolabial folds. 
All assessors arrive at the same consensus that the Caucasian scales and Chinese scales are concordant and 
the level of agreement between the Caucasian scales and Chinese scales is moderately high. When tested on 
ethnic Chinese skin, the Caucasian scale and the Chinese scale are aligned in most instances on whether a given 
facial wrinkle is present or absent. We found that Caucasian scales for Crow’s Feet wrinkles, forehead wrinkles, 
glabellar frown wrinkles, and nasolabial folds are suitable assessment tools for evaluating facial wrinkles on the 
ethnic Chinese skin. We contribute to the literature by showing that Crow’s Feet wrinkles, forehead wrinkles, 
glabellar frown wrinkles, and nasolabial folds on ethnic Chinese faces can be assessed with Caucasian scales. A 
facial wrinkle scale must be able to detect the presence or absence of a wrinkle and must also be able to capture a 
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smooth and gradual increase in the severity of the same wrinkle. As the 1,081 ethnic Chinese young adults have 
no wrinkles or slight wrinkles, we seized the opportunity to rigorously test the ability of the facial wrinkle scales 
in meeting the former objective. The latter objective can be better met when more participants with moderately 
severe and severe wrinkles are recruited to our study through annual recruitment drives.

Currently, Chinese scales for facial wrinkles beyond the four types discussed here have yet to be developed. 
Caucasian scales for facial wrinkles beyond these four types will also need to be tested for their suitability to be 
used on ethnic Chinese skin as and when more Chinese scales are developed.

Data availability
All data used and included in this study are available from the corresponding author (F.T.C.).
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