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were used to predict face ratings in the full sample and separately by ethnicity.

tone evenness and wrinkles - the latter under the eyes and in the crow's feet re-
gion. Correlational and regression analysis indicated a major role of wrinkles (both
regions) in predicting rated age, health and attractiveness from the facial portraits
across ethnic groups, with some variation in the types or the predictive magnitude
of skin characteristics.

Conclusion: The predictive utility of under-eye wrinkles and crow's feet for rated age,
health and attractiveness correspond to women's reported concern with under-eye
bags, dark circles and crow's feet. Despite some ethnic differences in these features,
their impact on women's facial appearance ratings is similar across ethnic groups.
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Résumé

Objectif: les modifications cutanées liées a 'dge dans la région périorbitaire cau-
sées par des facteurs intrinseques (par ex. atrophie du collagene et de la graisse)
et extrinseques (par ex. exposition au soleil), y compris les rides de la peau,
I'hyperpigmentation, les cernes et les rides canthales latérales («pattes d'oie»),
sont une préoccupation pour les femmes. Nous avons étudié l'impact de la peau
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sous les yeux et des pattes d'oie sur la perception des visages des femmes dans

Meéthodes: les images de visage de femmes (n=180) de cinq groupes ethniques
ont été évaluées pour l'age, la santé et l'attractivité par des évaluateurs naifs du
méme groupe ethnique (n=120). L'analyse d'images numériques a été utilisée
pour quantifier les caractéristiques visibles de la peau dans deux régions du vis-
age, c'est-a-dire sous les yeux (couleur, brillance, uniformité du teint et rides)
et dans la région des pattes d'oie (rides uniquement). Des mesures d'imagerie
cutanée ont été utilisées pour prédire les évaluations de visage dans l'échantillon

Résultats: des différences ethniques ont été détectées pour les mesures de la
couleur de la peau, de la brillance, de I'uniformité du teint et des rides—ces dern-
ieres sous les yeux et dans la région des pattes d'oie. L'analyse de corrélation et
de régression a indiqué un role majeur des rides (dans les deux régions) dans la
prédiction de I'age, de la santé et de l'attractivité évalués a partir des portraits fa-
ciaux dans les groupes ethniques, une certaine variation des types ou de l'ampleur

Conclusion: 1'utilité prédictive des rides sous les yeux et des pattes d'oie pour
I'évaluation de 1'age, de la santé et de l'attractivité correspond a 1'inquiétude sig-
nalée par les femmes concernant les poches sous les yeux, les cernes et les pattes
d'oie. Malgré certaines différences ethniques dans ces caractéristiques, leur im-
pact sur les évaluations de l'apparence du visage des femmes est similaire dans

FINK ET AL.
différents groupes ethniques.
complet et séparément par origine ethnique.
prédictive des caractéristiques cutanées.
tous les groupes ethniques.
INTRODUCTION

In a recent online survey of >15000 women and men (21—
75years) from 18 countries including ~1300 aesthetic phy-
sicians [1], respondents indicated (from a list of 26 facial
features) being ‘very’ or ‘extremely concerned’ with under-
eye bags and dark circles (36%), crow's feet wrinkles (34%)
and forehead wrinkles (31%). Uneven skin tone was another
feature participants indicated high or extreme concern
about (31%). These findings corroborate previous evidence
on the role of the periorbital region in perceptions of attrac-
tiveness, especially for women. However, a discrepancy was
detected between the rankings of respondents and aesthetic
physicians—the latter underestimated the significance of
under-eye bags and dark circles (31% of respondents vs. 16%
of physicians ranked it #1 of their top 5 concerns).

The high number of participants concerned with skin
changes in the periorbital area prompted us to examine
this region using data from a multi-ethnic and multi-
centre study [2]. As Freitag and Cestari [3] note, dark
circles and crow's feet are commonly reported concerns
in cosmetic and dermatological practice. Neither feature
is health-threatening nor associated with morbidity but
affects an individual's well-being and gives them a tired,

sad or hungover look. Dark circles are bilateral, round and
homogeneous pigmentation macules in the infraorbital re-
gion [3]. The aetiology of dark circles is multifactorial and
includes low thickness of periorbital skin [4], the loss of
periorbital volume, shadowing due to skin laxity, dermal
hyperpigmentation and increased density of subcutaneous
vasculature [5]. Crow's feet (lateral canthal lines) is the term
used to describe the wrinkles at the outer corners of the
eyes. They form from muscle contraction due to blinking
and emotional expression (e.g. smiling and laughter). As
such, crow's feet are (temporarily) visible at younger ages,
but when the skin becomes lax with increasing age mainly
due to structural dermal changes in elastin and collagen
[6], they are also visible at rest. Since crow's feet develop
earlier than other age-related wrinkling, women consider
the periorbital area the most bothersome facial region [1],
and the area first targeted for treatment [7]. Several thera-
peutic options are offered to address periorbital cutaneous
and structural changes, including skin laxity and pigmen-
tary changes, ranging from dermal (hyaluronic acid) fillers,
botulinum toxin injection, topical pharmacological agents
[8] and (wavelength tuneable) laser treatment [5, 9, 10].
Despite shared concerns over periorbital skin issues
reported by respondents (and physicians) from several
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ethnicities [1], it is unclear whether phenotypic changes
in this region impact the perception and assessment of
facial appearance similarly in different ethnic groups. In
addition to individual differences, variation across eth-
nicities in the susceptibility to age-related skin changes
has been documented [11-13] and is attributable, in part,
to structural, functional and environmental differences
[14-16]. Concerning geographical and environmental ef-
fects on skin properties, Kim et al. [17] reported regional
differences in skin characteristics and wrinkles of young
women from four locations in China. These include crow's
feet, such that women from Beijing had deeper and larger
wrinkles compared to smaller and shallower wrinkles in
women from Guangzhou. Regional differences suggest
the impact of climatic variation on the skin in addition to
individual differences in lifestyle habits [18, 19].

Evidence from a multi-ethnic and multi-centre study
[2, 20] indicates cross-cultural variation (and consistency)
in assessments of female facial appearance. Female and
male (naive) assessors identifying with one of five eth-
nicities (Chinese, Japanese, French, Indian and South
African) judged digital portraits of women within and
across ethnicities for age, health and attractiveness. Facial
health and attractiveness judgements were more varied
across assessor ethnicities than were age judgements,
suggesting differential effects of visible skin features on
the perceptions of age, health and attractiveness, within
and between ethnic groups. Subsequent research using
the same facial images and assessors indicated that facial
wrinkling and sagging—assessed from skin image analy-
sis of the full face—were the best predictors of face ratings
across ethnic groups, with some differences in the type
or predictive magnitude of skin features [21]. Skin tone
evenness and gloss had an additional predictive role in ac-
counting for variation in health ratings of women's faces.

In the present study, we focused on the periorbital area,
specifically on two facial regions defined by Voegeli et al.
[21], that is, the region under the eyes, and the crow's feet
region. We examined whether age, health and attractive-
ness ratings of women's faces in five ethnic groups can be
predicted from skin image measurements under the eyes
and in the crow's feet region. Considering previous reports
from the multi-ethnic and multi-centre study [2, 21, 22]
in addition to the literature on ethnic differences in skin
properties [15, 23-25], we expected to identify differences
between ethnic groups in skin image measurements for
these two specific facial regions. Concerning the associa-
tions between face ratings and skin image measurements
under the eyes and in the crow's feet region, we predicted
the largest associations with facial wrinkles, especially for
age ratings. To identify ethnicity-dependent variation in
the predictors of face ratings (or their magnitude), we con-
ducted a preliminary analysis to assess the relationship

between face ratings and skin image measurements
(under the eyes and crow's feet) split by ethnic group. We
note that these findings should be interpreted with cau-
tion given the lower statistical power resulting from small
sample sizes for the ethnic subgroups.

METHODS
Study sample

Digital facial images of women and rating data were
obtained in five locations: Guangzhou (China), Tokyo
(Japan), Lyon (France), New Delhi (India) and Cape
Town (South Africa). In each location, identical experi-
mental equipment was used, and standardized protocols
were administered as part of a multi-ethnic and multi-site
project on the perception of female facial appearance. To
date, study findings have been presented in six reports
[2,20-22, 26, 27], including three in this journal [21, 22, 27].
Thus, we keep the description of the methods brief, but
sufficiently detailed so that consultation with previous ar-
ticles is not required to understand the current report.

Women from five ethnic groups (‘participants’; n=526)
aged 20-69years were recruited: Chinese (n=106),
Japanese (n=100), French (n=105), Indian (n=100) and
South African (n=115). Participants were equally distrib-
uted around the mean ages of 10-year cohorts. Their fa-
cial skin tone corresponded to the following phototypes
on the Fitzpatrick [28] scale: Chinese II-1V, Japanese II-
IV, French II-III, Indian IV-V and South African V-VI.
Women were screened before recruitment and provided
written informed consent. The study was approved by the
Reading Independent Ethics Committee (RIEC), Woodley
(UK) and the ACEAS Independent Ethics Committee,
Ahmedabad (India).

Facial imaging

Participants were imaged in frontal view with eyes open
and a neutral facial expression using the ColorFace® sys-
tem (Newtone Technologies, Lyon, France). As a require-
ment for skin image analysis from portraits (for details,
see [21]), facial images were recorded under different
Brewster (polarization) angles.

Face ratings
Facial images from a subset of 180 women (36 in each

ethnic group) were selected, following independent qual-
ity control by three investigators and random stratified
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sampling for participant/assessor ethnicity, assessor gender
and age cohort. Each ethnic group included participants
aged 20-65years and age-matched assessors. Assessors
were equally distributed around the mean ages of 15-year
cohorts (see [2]). Images were presented on 27" (68.6cm)
colour-calibrated LCD monitors (ColorEdge CG277, Eizo,
Hakusan, Japan). Female and male assessors (120 in each
ethnic group) rated the images for perceived age (in years),
health and attractiveness on continuous scales ranging
from 0 to 100 (0=1ow on attribute, 100 =high on attribute)
in the study centres where the facial images were recorded.
The portraits were judged sequentially (with attributes in
blocks), and each assessor rated 90 randomly selected im-
ages per attribute, balanced across (age, ethnicity and gen-
der) cohorts. Thus, each image was assessed ~300 times. In
the analyses of the present study, we considered only the
face ratings provided by raters of the same ethnicity as the
women's (participant’s faces) ethnicity.

Skin image measurements

The skin image measurements have been described in de-
tail in previous reports [21, 27]. Nine regions of interest
(ROIs) in the digital portraits were defined in addition to
the “full face’” area. Here, we focus on the region under the
eyes and the crow's feet region (Figure 1). The two ROIs
differed markedly in size. We did not consider it sensible to
quantify skin colour, gloss and tone evenness in the crow's
feet region but focused on the measurements of wrinkles.
In the region under the eyes, comprising the lower eyelid
and infraorbital hollow, we measured skin colour, specu-
lar/contrast gloss, tone evenness and wrinkles.

In brief, skin colour was measured in red, green and blue
(RGB) colour values, then converted into CIELAB (colour
space) L*, a* and b* scores [29] and averaged for the ROL
L* refers to perceptual lightness (ranging from 0 [black] to
100 [white]), a* refers to the red-green axis (positive=red,
negative=green), and b* describes the blue-yellow axis
(positive=yellow, negative=Dblue). Contrast gloss denotes
the difference between the mean intensities of bright and
matte pixels — a higher contrast gloss corresponds to higher
gloss visibility. Specular gloss quantifies the mean lumi-
nance of bright pixels in the image, and a higher score in-
dicates higher gloss intensity. Skin tone evenness employed
Haralick et al.s [30] approach to quantifying information
from the spatial arrangement of pixels in an image. In the
present study, we computed two features based on grey-level
co-occurrence matrices, that is, homogeneity and contrast.
Both measures capture the similarity versus dissimilarity of
adjacent pixels. In even skin tones, homogeneity scores are
high, and contrast scores are low. The assessment of wrinkles
used an algorithm that identifies anisotropic elements (i.e.

FIGURE 1 Schematic of the regions of interest defined by
Voegeli et al. (2023) for skin image measurements, with the two
regions (under the eyes and crow's feet) included in the present
study in red.

line detection) and retains visible lines (‘wrinkles’) based on
thresholding. We computed three wrinkle characteristics:
(i) length (in pixels), with a lower value corresponding to
smaller wrinkles; (ii) density, defined as the ratio between
the number of segmented pixels and the size of the ROI (a
higher value denotes more wrinkles); and (iii) volume, that
is, the difference in luminosity between the segmentation
and the surrounding area (smaller values indicate lower
wrinkle visibility).

STATISTICAL ANALYSIS

We report descriptive statistics (Mean and SD) for face rat-
ings, and skin image measurements by ethnicity. Visual in-
spection of histograms and tests for goodness of fit indicated
deviations from normal distribution for some variables.
Therefore, we decided to perform the statistical analysis at
the conservative (i.e. non-parametric) level. To investigate
ethnic differences, Kruskal-Wallis tests (H-tests; [31]) were
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performed with face ratings and skin image measurements
as the dependent variables. Associations between face rat-
ings and skin image measurements were assessed with
correlational statistics (Spearman'’s rho; [32]). Multiple re-
gression analysis was performed to identify predictors of
face ratings among skin image measurement variables (for
using ordinal variables in regressions, see [33, 34]). We re-
port R? (coefficient of determination) for the proportion of
variance in dependent measures that can be explained by in-
dependent variables (i.e. predictors). The alpha level was set
to 0.05. Analyses were performed using IBM SPSS 26 (IBM
Corp.) and JMP 16 (SAS Institute Inc.).

RESULTS
Face ratings

Assessors' image ratings of women's faces (and self-ratings)
have been reported in detail previously [2, 21, 22, 27].
Therefore, we keep these findings brief to avoid redundancy
but make them readily accessible to readers of the present
article.

Table 1 reports the means (and SDs) for age, health
and attractiveness ratings. Assessors’ ratings of age and
attractiveness did not differ between ethnic groups (age:
H=3.35, df=4, p=0.50; attractiveness: H=238.03, df=4,
p=0.09). Health ratings differed between ethnic groups
(H=50.26, df=4, p<0.001), with Indian and South
African ratings being lower than those of other ethnici-
ties, and no differences between Chinese, Japanese and
French assessments (all ps>0.05).

Skin image analysis

Table 2 reports the means (and SDs) for skin image meas-
urements, by ethnic group. As for face and self-ratings,
ethnic differences and age-related changes in skin fea-
tures have been reported elsewhere [21, 26, 27]. In the

Chinese Japanese French Indian

Age

Mean 43.9 43.4 454 46.5

SD 10.6 13.9 15.1 12.1
Health

Mean 60.6 63.0 63.6 47.8

SD 8.0 8.6 11.6 11.2
Attractiveness

Mean 42.7 38.2 41.3 37.3

SD 8.9 7.9 13.8 9.3

present report, we focus on the principal effects to justify
the performance of statistical tests by ethnic group.

Under eyes

Colour. Ethnic differences were found in the three colour
components (L* H=127.54, df=4, p<0.001; a* H=66.17,
df=4, p<0.001; b* H=46.82, df=4, p<0.001), with lower
L* and higher a* scores for Indian and South African
women compared to other ethnic groups. The lowest b*
scores were observed in French women and no differences
between Chinese, Indian and South African women.

Gloss. Contrast gloss (H=117.67, df=4, p<0.001) and
specular gloss (H=119.28, df=4, p <0.001) showed ethnic
differences. In South African women (followed by Indian
women), contrast gloss was higher and specular gloss
lower than in other ethnic groups (with no differences be-
tween Chinese, Japanese and French women).

Tone Evenness. There were ethnic differences in
skin tone evenness for homogeneity (H=121.72, df=4,
p<0.001) and contrast (H=116.37, df=4, p<0.001).
Chinese, French and Japanese women scored higher
in skin homogeneity and lower in contrast than Indian
and South African women (with no differences between
Chinese, Japanese and French women).

Wrinkles. Ethnic differences were detected with the
three wrinkle measures (density H=63.62, length H=46.35,
volume H=74.32; for each test df=4, p<0.001). For density,
South Africa > India=France > Japan=China; for length,
India=France=South Africa > Japan = China; for volume,
South Africa > India=France > Japan =China.

Crow's feet

Wrinkles. As for the crow's feet region, there were
ethnic differences for the three measures (density
H=20.03, length H=22.18, volume H=22.92; for each
test df=4, p<0.001). For density, South Africa=China

TABLE 1 Descriptive statistics (Mean

South African
" and SD) for age, health and attractiveness

ratings split by ethnic group (n=36 each).
48.0
12.1

52.8
10.5

38.0
9.2
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TABLE 2 Descriptive statistics (Mean and SD) for the skin image measurements under the eyes and crow's feet split by ethnic group
(n=236 each).

Chinese Japanese French Indian South African
Under the eyes
Colour
L* 60.9 (4.1) 62.1(3.7) 61.6 (3.8) 49.3 (5.4) 38.9(6.3)
a* 14.2(1.5) 13.1(1.3) 13.9(1.8) 15.9 (0.8) 15.4(2.1)
b* 19.9 (2.5) 19.2 (2.7) 15.4 (3.0) 19.7 (1.6) 19.6 (3.3)
Gloss
Contrast 5.4 (1.0) 5.7(1.2) 5.6(1.1) 8.5(1.6) 10.4 (1.7)
Specular 67.6 (4.0) 67.0 (3.6) 66.5(3.3) 59.1 (4.2) 49.2 (6.7)
Skin tone evenness
Homogeneity 0.09 (0.008) 0.09 (0.007) 0.09 (0.007) 0.07 (0.006) 0.07 (0.005)
Contrast 354.3(95.0) 329.7(75.5) 375.0 (116.2) 787.3 (234.2) 724.9 (194.9)
Wrinkles
Density 1.1 (0.9) 1.5(1.3) 2.3(1.4) 3.0(1.7) 3.8(1.9)
Length 333.1(325.7) 452.1 (453.6) 860.9 (550.3) 930.3 (580.8) 824.4 (367.5)
Volume 3.6e4 (4.2e4) 4.4e4 (5.8¢e4) 9.2¢e4 (7.0e4) 14.7e4 (11.7e4) 20.0e4 (10.8e4)
Crow's feet
Wrinkles
Density 4.6 (3.6) 1.9 (2.5) 3.0(3.8) 2.6 (4.2) 5.3 (4.6)
Length 158.6 (142.0) 31.7 (42.2) 124.7 (183.2) 82.1(149.0) 131.7 (138.4)
Volume 6.4e4 (7.2e4) 1.2e4 (1.8e4) 4.2e4 (7.2e4) 2.5e4 (1.8e4) 5.3e4 (6.2e4)

TABLE 3 Correlations (Spearman'’s

rho) between assessor ratings of age, Age Health Attractiveness
health and attractiveness and the skin Under the Eyes
image measurements (n=180). L* —0.31** 0.60%* 0.27%*
a* 0.16* —0.35%* —0.04
b* 0.07 —0.15* 0.03
Contrast gloss 0.28%* —0.55%** —0.28**
Specular gloss —0.27** 0.54** 0.28**
Tone evenness (homogeneity) —0.17* 0.49** 0.16*
Tone evenness (contrast) 0.14 —0.47*%* —0.12
Wrinkle (length) 0.54** —0.50%* —0.46**
Wrinkle (density) 0.33** —0.40%* —0.30**
Wrinkle (volume) 0.41%* —0.51** —0.38**
Crow's Feet
Wrinkle (length) 0.61** —0.40%* —0.44%*
Wrinkle (density) 0.59%* —0.38** —0.44%*
Wrinkle (volume) 0.61** —0.38%* —0.44**

*p <0.05. **p <0.001 (two-tailed).

> France=India=Japan; for length and volume, Correlations
China=South Africa=France > India > Japan.

Associations between Face Ratings and Skin Image  Table 3 presents (rank) correlations between assessor rat-
Measurements. ings of age, health and attractiveness and the skin image
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measurements, including the region under the eyes
and crow's feet region, for the full sample (i.e. all ethnic
groups). Face ratings (all attributes) were significantly
associated with skin image measurements. A general
finding is that wrinkles (length, density and volume) cor-
related positively with age and negatively with health and
attractiveness ratings. These findings were detected for
both ROIs—under the eyes and crow's feet. Thus, longer
(total) wrinkle length, higher wrinkle density and larger
wrinkle volume were considered older, less healthy and
less attractive.

Robust associations were detected between face ratings
and skin gloss. Contrast gloss correlated positively with
perceived age and negatively with health and attractive-
ness. The opposite pattern of associations was found for
specular gloss. This suggests that skin brightness decreases
with age, leading to lower glow/radiance, perceived as less
healthy and attractive.

Skin tone evenness produced mixed findings. The larg-
est relationship was found between health ratings and
skin tone evenness (positive with homogeneity and neg-
ative with contrast). Smaller correlations were detected
for age and attractiveness (positive with homogeneity and
negative with contrast). Collectively, these associations
suggest: (i) positive assessments of age (i.e. youthfulness),
health and attractiveness with even skin tone and rela-
tionships in the opposite direction with skin contrast; and
(ii) skin tone evenness is a stronger health cue than age
and attractiveness.

Concerning skin colour, the largest correlations were
detected between L*, a* and b* and health ratings (positive
with L* and negative with a* and b*). In addition, L* cor-
related negatively with age and positively with health and
attractiveness ratings, suggesting an age-related decline in
skin lightness and positive assessments of lighter skin, es-
pecially concerning health.

Regression analysis

Exploratory regression analysis indicated multicollin-
earity among several independent variables, leading to
variance inflation factors (VIFs) >10 for these variables.
Specifically, L* correlated with specular gloss (rho=93,
p<0.001) and contrast gloss (rho=— 0.83, p<0.001)
and the two gloss measures were negatively correlated
(rho=-0.79, p<0.001). Skin tone homogeneity correlated
negatively with contrast (rho=—0.96, p<0.001). Wrinkle
density, length and volume were highly intercorrelated for
measurements under the eyes (all rh0<0.90, all ps <0.001)
and in the crow's feet region (all rh0<0.98, all ps <0.001).
Therefore, we excluded redundant variables from the re-
gression analysis to address the multicollinearity problem.

We z-scored (‘studentized’) the variables and calculated
the mean of wrinkle density, length and volume, retaining
one wrinkle score for the infraorbital and the crow's feet
region, respectively.

Full Sample. Three regressions were performed,
with n =180 participants (i.e. all ethnic groups) and sep-
arately for the three attributes as dependent variables.
The independent variables were L*, a*, b*, tone evenness
(homogeneity), wrinkles under the eyes and crow's feet.
Table 4 reports the (unstandardized and standardized)
coefficient statistics (B, SE B and beta) and the slope (t)
for the significant predictors of face ratings. The regres-
sion models were significant for age (F=23.67, p <0.001,
R*=0.45), health (F=21.14, p<0.001, R*=0.42) and at-
tractiveness (F=10.45, p<0.001, R*=0.27). The VIFs
for the independent variables in the regressions were all
<3.6 and tolerance >0.28. Considering all ethnic groups
together, the regressions indicated a major role of wrin-
kles in predicting female age, health and attractiveness
from facial portraits. Wrinkles under the eyes and in the
crow's feet region predicted age and attractiveness, and
crow's feet predicted health ratings (the wrinkle score
for under-eyes approached significance, with f=—0.14,
p=0.057).

Ethnic Groups. Considering ‘ethnic group’ as a dummy
variable in the regressions indicated significance for health
(t=2.02, f=0.16, p<0.05) but not for age (t=0.86, #=0.07,
p=0.393) or attractiveness (t=—1.34, f=—0.12, p=0.183).
Together with the ethnic differences in facial skin image
measurements, this suggested ethnicity-specific predic-
tions of face ratings from skin image measurements for at
least one attribute (health). To explore this possibility, we

TABLE 4 Coefficient statistics for skin image measures
significantly predicting facial age, health and attractiveness ratings
in the multiple regressions (n=180).

Variable B SEB t P

Age
‘Wrinkle 0.26 0.08 0.25 3.46
under the
eyes
Wrinkle 0.58 0.11 0.56 9.12
crow's feet

Health

‘Wrinkle —0.28 0.07 —0.27 —4.31
crow's feet

<0.001

<0.001

<0.001

Attractiveness
Wrinkle —0.23 0.09 —0.22 —2.68 <0.01
under the
eyes
Wrinkle —0.36 0.07 —0.35 —4.93
crow's feet

<0.001
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performed the regressions again (with the same variables),
but this time split by ethnic group. Conclusions based on the
findings from this step are preliminary and must be made
with caution due to the smaller sample sizes of the (ethnic)
sub-groups (n=36 each).

To keep this report concise, and to maintain the explor-
atory character of this analysis, we summarize the principal
findings without reporting the detailed coefficient statistics.
Concerning age assessments, the regressions were signif-
icant for all five ethnic groups (China: F=8.14, p<0.001,
R*=0.63; Japan: F=9.30, p<0.001, R*=0.66; France:
F=10.78, p<0.001, R*=0.69; India: F=11.47, p<0.001,
R*=0.70; South Africa: F=4.32, p<0.01, R*=0.47). The
significant coefficients included crow's feet in all ethnic
groups. In Japanese and French women, wrinkles under the
eyes were an additional predictor (positive), and in Indian
women, L* was also a significant (negative) predictor for age
ratings. Similar findings were obtained for health ratings
in the summary models for the five ethnic groups (China:
F=5.41, p<0.001, R2=0.53; Japan: F=8.08, p<0.001,
R*=0.63; France: F=281, p<0.05 R*=0.38; India:
F=17.24,p<0.001, R?*=0.78; South Africa: F=4.26, p<0.01,
R*=0.47). Crow's feet were a significant predictor (negative)
in Chinese, Japanese and Indian women. Wrinkles under
the eyes was an additional predictor (negative) in Japanese
women, L* was an additional predictor (positive) in Indian
women, and b* was an additional predictor (positive) in
South African women. In French women, no single predic-
tor contributed significantly to the overall model (although
the betas for wrinkles and tone evenness were negative),
and of all ethnic groups, R? was lowest for French women.
Significant models also were obtained for attractiveness
ratings in all five ethnic groups (China: F=6.55, p<0.001,
R*=0.58; Japan: F=4.31, p<0.01, R*=0.47; France: F=4.06,
p<0.01, R*=0.46; India: F=15.66, p <0.001, R*=0.76; South
Africa: F=6.23, p<0.001, R*=0.56). Crow's feet significantly
predicted (negatively) attractiveness ratings in Chinese,
Japanese and Indian women. Wrinkles under the eyes were
an additional predictor (negative) in Japanese women. In
South African women, b* was an additional predictor (pos-
itive) of attractiveness. As with health, no single predictor
contributed significantly to the overall model (f=-0.35
for wrinkles under the eyes approached significance at
p=0.058; similarly for tone evenness, f=—0.44, p=0.051).

DISCUSSION

The current study reveals ethnic differences in sev-
eral skin characteristics measured from facial images
of women under the eyes and in the crow's feet re-
gions. In Indian and South African women, lower L*
(lightness) and a* (redness) scores were detected from

measurements under the eyes compared to Chinese,
Japanese and French women. South African and Indian
women showed lower gloss (perceived brightness) and
lower scores for skin tone evenness than women of
other ethnic groups. Wrinkles under the eyes were pro-
nounced in South African women (as indicated by den-
sity and volume measurements). Wrinkles in the crow's
feet region showed ethnic differences, with similar
scores for South African, Chinese and French women
that were higher than for Indian and Japanese women.
Thus, skin image measurements under the eyes and in
the crow's feet regions corroborate previous evidence
from the same measurements in the full face and addi-
tional facial regions ([21]; also, see Figure 1). This could
have been inferred, at least in part, from Voegeli et al.’s
[21] analysis of ethnic differences in wrinkle measure-
ments from facial portraits, which included the region
under the eyes and the crow's feet region. However, the
present study indicates ethnic differences in skin image
measurements in only these two regions and extends
the evidence to skin colour, gloss and tone evenness.
Although the skin of all ethnic groups is subjected to
photoaging, it has been suggested that in the lightly pig-
mented skin of Caucasians, skin wrinkling and sagging
signs occur earlier and are greater than in other skin
types and pigmentary problems are greater for darker
skin [15]. The current findings do not suggest that this
applies to periorbital skin, as we detected greater signs
of skin ageing in South African (and Indian) women
compared to other ethnic groups. Ethnic differences in
participants’ ages could not account for this observation
due to the random stratified sampling using age cohorts
(the ANOVA with chronological age as the depend-
ent variable indicated no ethnic difference; F=0.002).
Therefore, a preliminary conclusion is that the protec-
tive effect against UV damage from higher epidermal
melanin in darker skin (among other ethnic differences
in skin properties; [11]) does not apply in the same way
to periorbital skin as it has been reported for other facial
(or body) regions (Figure 2).

Because of its specific structure, the skin in the eye
region is one of the most difficult to address in clini-
cal diagnosis and aesthetic treatment [35, 36]. The skin
around the eyes is thinner than in other facial regions
and has fewer sebaceous glands, making it more vul-
nerable to intrinsic and extrinsic ageing effects, ranging
from genetics to lifestyle habits [37]. In addition, the
periorbital region is unique in the impact of mimic mus-
cle activity on skin contraction. The average person per-
forms ~15000 involuntary and spontaneous eye blinks
per day [38], leading to considerable stress on the thin
epidermis and dermis. The dynamic lines, particularly
the crow's feet wrinkles, which appear during mimic
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FIGURE 2 Sample images of younger, middle-aged and older female participants' eye areas, including the regions where the skin image

measurements were performed (under the eyes and crow's feet). From top to bottom (in rows): Chinese, Japanese, French, Indian and South

African women.

muscle contraction are temporary at younger ages but
become static over time and are a primary sign of age-
ing. This explains the high concern reported particularly
by women aged >40years who are dissatisfied with their
appearance. Kane et al. [39] reported that in a sample
of 1392 patients with mixed ethnic backgrounds (mean
age ~50years), 76% were ‘very unsatisfied’ or ‘unsatis-
fied’ with their crow's feet at maximum smile and 77%
were ‘very unsatisfied’ or ‘unsatisfied’ at rest. Only ~15%
believed that they looked younger than their chronologi-
cal age. A similar high concern with periorbital wrinkles
and crow's feet has been reported from within-subject
variation (with and without make-up) in a sample of
Japanese women (30-54years) [40]. Periorbital skin
(and nasolabial folds) had the largest impact on facial
signs of ageing (from a list of 14 features) in younger
and older age, as detected by an Al-based automated
grading system using (Asian) skin atlases as a reference
[41, 42]. An interesting observation in the present study
was the similar high scores in crow's feet wrinkles in
Chinese and South African women (but not so for wrin-
kles under the eyes). Previous research reports ethnic
differences between Chinese and Caucasian (French)
skin ageing, with delayed wrinkle onset in Chinese
women [43]. For example, in the age group 30-40years,
crow's feet were prevalent in nearly 100% of French
women, whereas in Chinese women the prevalence was

about 50%. Moreover, in French women, the age-related
increase in crow's feet wrinkling was linear but showed
a spurt in Chinese women aged 41-50years. Similar dif-
ferences have been reported for comparisons of Chinese
and Japanese (Chinese>Japanese) women's wrinkling
in the periorbital area [44], leading to the development
of specific crow's feet grading systems for Chinese in-
dividuals [45-47]. The mean age of women from each
ethnic group in the present study was ~45years, which
falls within the age group for which the greatest accel-
eration in crow's feet wrinkling has been reported [43].
The same study suggested that ethnic differences in the
speed of age-related wrinkling depend on the facial re-
gion. Our findings suggest that crow's feet might be a
concern, particularly in Chinese (and South African)
women (Figure 3).

In the current study, we examined whether the ob-
jective assessment (from image measurements) of skin
under the eyes and in the crow's feet region predicts sub-
jective ratings of age, health and attractiveness of wom-
en's portraits. Thus, in contrast to studies that asked
respondents about their concern with periorbital skin
problems, or studies that graded skin features by com-
paring them with visual scales, we took advantage of
the ratings from many (female and male) raters of wom-
en's faces by members of the same ethnic group. This
should avoid stereotyping effects (i.e. ‘colourism’; [48])
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FIGURE 3 Ethnic differences (M + SEM) of wrinkle
measurements under the eyes and in the crow's feet region. The
dependent variables were studentized (z-scored) and averaged from
measurements of wrinkle density, length and volume.

observed in an analysis of the multi-ethnic and multi-
centre study (face) ratings between ethnic groups, that
is, women judged by lay assessors from ethnicities other
than their own [2]. Correlational statistics indicated
several associations between face ratings and skin fea-
tures. Wrinkles under the eyes and crow's feet correlated
negatively with age, health and attractiveness in the full
sample (i.e. all ethnic groups). The largest correlation
coefficients were observed between crow's feet and age
ratings. This corresponds with women's concerns and
self-perceived age [1, 39, 41], suggesting that crow's feet
wrinkles are a primary facial sign of ageing. Previous
research with British women indicated that facial wrin-
kles have a greater impact than skin tone evenness on
perceptions of age whereas uneven skin colouration af-
fects health ratings more strongly [49].

The differential effects of facial wrinkles and skin tone
evenness on the perceptions of facial age and health are
also reflected in larger associations of skin colour, gloss
and tone evenness with health ratings (compared to age
and attractiveness ratings). Higher lightness, gloss and
skin tone evenness showed positive relationships with
facial health ratings. Colours a* and b* correlated nega-
tively with health ratings, indicating that lower redness
and lower yellowness of periorbital skin negatively impact
perceived health. Skin lightness and (specular) gloss (in
addition to tone evenness) showed correlation coefficients
about twice the size of a* and b* associations with health
ratings, which could indicate that a smooth and shiny

appearance of skin under the eyes applies to women inde-
pendent of phototype.

To determine whether periorbital skin features can
predict age, health and attractiveness ratings of women's
faces, we performed regressions with face ratings as de-
pendent variables and skin image measurements as in-
dependent variables. Significant models were detected
for all three attributes in the full sample (i.e. all ethnic
groups). Thus, face ratings could be predicted from peri-
orbital skin features. Wrinkles under the eyes and crow's
feet were the primary predictors of face ratings. The lack
of significance for colour, gloss and skin tone evenness
as predictors of face assessments from lay assessors
suggests that non-experts invest particular attention to
periorbital wrinkles in judgements of female facial ap-
pearance. Porcheron et al. [50] manipulated Chinese and
French women's facial images by removing several age-
related skin features including dark circles and spots,
and wrinkles/sagging. In Chinese women, the removal
of dark circles had a greater impact on age perception
than the retouching of wrinkles/sagging, whereas in
French women, the opposite effect was found (also, see
[43]).

Such evidence suggests that the relative contributions
of skin features to perception differ between ethnicities.
The findings of the present study provide little evidence
for this assumption regarding age and attractiveness as-
sessments. However, considering ethnicity as a dummy
variable indicated significance (of ethnic group) for rat-
ings of women's health. Follow-up tests to determine
skin features that predict face ratings corroborated the
predictive utility of wrinkles under the eyes and crow's
feet in all ethnic groups. In principle, this applies to all
ethnic groups and the three attributes, although some
variation was observed across ethnic groups in the mag-
nitude of periorbital wrinkles as predictors. In addition,
skin lightness (L*) under the eyes positively predicted age
(negative) and health (positive) ratings in Indian women.
Skin yellowness (b*) predicted health and attractiveness in
South African women (see also [51]). There was no single
significant skin feature predicting face ratings in French
women, although the regression models for age, health
and attractiveness were significant. This could indicate
that French assessors did not place a strong emphasis on
a single feature (such as periorbital wrinkles) but used a
more balanced approach in ratings of women's facial ap-
pearance (Figure 4).

In conclusion, the present study indicates that in
women of five ethnic groups age, health and attractive-
ness ratings from facial portraits can be predicted from
wrinkles under the eyes and crow's feet. There is some
variation across ethnic groups in the predictive utility and
magnitude. Skin lightness and colour play an additional
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role, especially in perceptions of health. The primary role
of wrinkles under the eyes and crow's feet in perceptions
of women's age, health and attractiveness across ethnic
groups corresponds to survey data and self-assessments
indicating high concern about age-related skin changes
and problems in the periorbital region.

ACKNOWLEDGEMENTS

The authors would like to thank the volunteers who partic-
ipated in the study, and Elodie Prestat-Marquis and Marie
Cherel (Newtone Technologies, Lyon, France) for their
support in preparing and conducting the study, and for
assistance with the data analysis. The authors also thank
the study directors for their indefatigability in conduct-
ing the study at the following centres: Etienne Camel and
Mathilde De Torsiac at IEC, Lyon, France; Yumiko Seki at
IEC Tokyo, Japan; Manoj Choudhry at IEC Cape Town,
South Africa; Peggy Ruan at IEC Guangzhou, China, and
Rashi Nangia and Rajat Gupta at CIDP Biotech, New
Delhi, India.

FUNDING INFORMATION
DSM-Firmenich AG, Kaiseraugst, Switzerland provided
all funding.

CONFLICT OF INTEREST STATEMENT

RV and RC are employees of DSM-Firmenich, and BF is
a consultant to DSM-Firmenich. TKS states no conflict of
interest.

ORCID
Bernhard Fink (© https://orcid.org/0000-0003-2739-5236

] FIGURE 4 Linear relationships of
wrinkles under the eyes and crow's feet
region with age, health and attractiveness
ratings of women's facial portraits (full
sample). The variables were studentized
(z-scored) and the skin features were
averaged measurements of wrinkle
density, length and volume.

Crow's Feet Wrinkles (z-score)

REFERENCES

1. Fabi S, Alexiades M, Chatrath V, Colucci L, Sherber N,
Heydenrych I, et al. Facial aesthetic priorities and concerns: a
physician and patient perception global survey. Aesthet Surg J.
2022;42(4):NP218-P229.

2. Voegeli R, Schoop R, Prestat-Marquis E, Rawlings AV,
Shackelford TK, Fink B. Cross-cultural perception of female
facial appearance: a multi-ethnic and multi-centre study. PLoS
One. 2021a;16(1):e0245998.

3. Freitag FM, Cestari TF. What causes dark circles under the
eyes? J Cosmet Dermatol. 2007;6(3):211-5.

4. Chopra K, Calva D, Sosin M, Tadisina KK, Banda A, De La
Cruz C, et al. A comprehensive examination of topographic
thickness of skin in the human face. Aesthet SurgJ. 2015;35(8):
1007-13.

5. Friedmann DP, Goldman MP. Dark circles: etiology and man-
agement options. Clin Plast Surg. 2015;42(1):33-50.

6. Kligman AM, Zheng P, Lavker RM. The anatomy and patho-
genesis of wrinkles. Br J Dermatol. 1985;113(1):37-42.

7. Narurkar V, Shamban A, Sissins P, Stonehouse A, Gallagher
C. Facial treatment preferences in aesthetically aware women.
Dermatologic Surg. 2015;41(Suppl 1):S153-S160.

8. Zouboulis CC, Ganceviciene R, Liakou AI, Theodoridis A,
Elewa R, Makrantonaki E. Aesthetic aspects of skin aging, pre-
vention, and local treatment. Clin Dermatol. 2019;37(4):365-72.

9. Augustyniak A, Rotsztejn H. Nonablative fractional laser treat-
ment for the skin in the eye area - clinical and cutometric anal-
ysis. J Cosmet Dermatol. 2016;15(4):399-406.

10. Ganceviciene R, Liakou AI, Theodoridis A, Makrantonaki E,
Zouboulis CC. Skin anti-aging strategies. Dermatoendocrinol.
2012;4(3):308-19.

11. Alexis AF, Alam M. Racial and ethnic differences in skin aging:
implications for treatment with soft tissue fillers. J Drugs
Dermatol. 2012;11(8):s30.

12. Alexis AF, Obioha JO. Ethnicity and aging skin. J Drugs
Dermatol. 2017;16(6):s77-s80.

85U0|7 SUOWIWIOD 8AITe81D) 3 (ed!dde ayy Aq peusenob a e sajolle YO 8sn JO Sa|nJ o} Areiq1 81U AB|IA UO (SUONIPUOD-PUB-SWLIBY/LIoO" A3 1M ARe.d) Ul |UO//SdNL) SUORIPUOD PuUe SWe | 8U388S *[5202/90/20] Uo AriqiTauliuo A8|IM ‘SFOET SOTTTT 0T/I0p/L0o A8 | Areiq1jul|uo//sdny woly papeo|umod ‘¢ ‘G20z ‘Y6289t


https://orcid.org/0000-0003-2739-5236
https://orcid.org/0000-0003-2739-5236

FINK ET AL.

International Journal of
Cosmetic Science

\ SOCIETE FRANGAISE DE %

| 521

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Flament F, Ye C, Mercurio DG, Abric A, Sewraj P, Velleman D,
et al. Evaluating the respective weights of some facial signs on
the perceived radiance/glow in differently aged women of six
countries. Skin Res Technol. 2021a;27(6):1116-27.

Campiche R, Trevisan S, Seroul P, Rawlings AV, Adnet C, Imfeld
D, et al. Appearance of aging signs in differently pigmented
facial skin by a novel imaging system. J Cosmet Dermatol.
2019;18(2):614-27.

Rawlings AV. Ethnic skin types: are there differences in skin
structure and function? Int J Cosmet Sci. 2006;28(2):79-93.
Vierkotter A, Krutmann J. Environmental influences on skin
aging and ethnic-specific manifestations. Dermatoendocrinol.
2012;4(3):227-31.

Kim EJ, Han JY, Lee HK, He QQ, Cho JC, Wei L, et al. Effect
of the regional environment on the skin properties and the
early wrinkles in young Chinese women. Skin Res Technol.
2014;20(4):498-502.

Flament F, Velleman D, Yamamoto S, Nicolas A, Udodaira K,
Yamamoto S, et al. Clinical impacts of sun exposures on the
faces and hands of Japanese women of different ages. Int J
Cosmet Sci. 2019;41(5):425-36.

Wong QYA, Chew FT. Defining skin aging and its risk
factors: a systematic review and meta-analysis. Sci Rep.
2021;11(1):22075.

Fink B, Voegeli R, Schoop R, Campiche R, Shackelford
TK. Boundless beauty: perception of female facial appear-
ance across ethnicities and targeted solutions. Cosmetics &
Toiletries. 2022;137(8):36-45.

Voegeli R, Campiche R, Biassin R, Rawlings AV, Shackelford
TK, Fink B. Predictors of female age, health and attractiveness
perception from skin feature analysis of digital portraits in five
ethnic groups. Int J Cosmet Sci. 2023;45(5):672-87.

Voegeli R, Schoop R, Prestat-Marquis E, Rawlings AV,
Shackelford TK, Fink B. Differences between perceived age and
chronological age in women: a multi-ethnic and multi-centre
study. Int J Cosmet Sci. 2021b;43(5):547-60.

Taylor SC. Skin of color: biology, structure, function, and im-
plications for dermatologic disease. J Am Acad Dermatol.
2002;46(2):S41-S62.

Berardesca E, Maibach H. Ethnic skin: overview of struc-
ture and function. J Am Acad Dermatol. 2003;48(6,
Supplement):S139-S42:5139-S142.

Visscher MO. Skin color and pigmentation in ethnic skin.
Facial Plast Surg Clin North Am. 2017;25(1):119-25.

Fink B, Voegeli R, Campiche R, Shackelford T. Self versus third
party perceptions of female age, health and attractiveness—
plus the role of facial skin features across five ethnic groups.
Cosmetics & Toiletries. 2024a;139(3):38-47.

Fink B, Campiche R, Shackelford TK, Voegeli R. Age-
dependent changes in skin features and perceived facial ap-
pearance in women of five ethnic groups. Int J Cosmet Sci.
2024b;46:1017-34.

Fitzpatrick TB. Soleil et peau. Journal de Médecine Esthétique.
1975;2:33-4.

Weatherall IL, Coombs BD. Skin color measurements in
terms of CIELAB color space values. J Invest Dermatol.
1992;99(4):468-73.

Haralick RM, Shanmugam K, Dinstein I. Textural fea-
tures for image classification. IEEE Trans Syst Man Cybern.
1973;SMC-3(6):610-21.

31.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Kruskal WH, Wallis WA. Use of ranks in one-criterion variance
analysis. J Am Stat Assoc. 1952;47(260):583-621.

Spearman C. The proof and measurement of association be-
tween two things. Am J Psychol. 1904;15(1):72-101.

Robitzsch A. Why ordinal variables can (almost) always be
treated as continuous variables: clarifying assumptions of ro-
bust continuous and ordinal factor analysis estimation meth-
ods. Front Educ. 2020;5:589965.

Winship C, Mare RD. Regression models with ordinal variables.
Am Sociol Rev. 1984;49(4):512-25.

Kolodziejczak A, Rotsztejn H. The eye area as the most diffi-
cult area of activity for esthetic treatment. J] Dermatolog Treat.
2022;33(3):1257-64.

Sarkar R, Ranjan R, Garg S, Garg VK, Sonthalia S, Bansal S.
Periorbital hyperpigmentation: a comprehensive review. J Clin
Aesthet Dermatol. 2016;9(1):49-55.

Rathore G, Das K, Landau M, Verner I, Kassir M, Galadari
HI, et al. Clinical assessment, diagnosis, and Management
of Infraorbital Wrinkles and Pigmentation. Dermatol Clin.
2024;42(1):79-88.

Schellini SA, Sampaio AA Jr, Hoyama E, Cruz AA, Padovani
CR. Spontaneous eye blink analysis in the normal individual.
Orbit. 2005;24(4):239-42.

Kane MA, Cox SE,Jones D, Lei X, Gallagher CJ. Heterogeneity of
crow's feet line patterns in clinical trial subjects. Dermatologic
Surg. 2015;41(4):447-56.

Flament F, Velleman D, Yamashita E, Nicolas A, Yokoyama E,
Chibout S, et al. A 5-hour follow-up of the impact on ageing
facial signs of some foundations in Japanese women through
automatically analysed selfie pictures. Int J Cosmet Sci.
2022;44(4):431-9.

Flament F, Velleman D, Yamashita E, Nicolas A, Yokoyama
E, Itaya A, et al. Japanese experiment of a complete and ob-
jective automatic grading system of facial signs from selfie
pictures: validation with dermatologists and characterization
of changes due to age and sun exposures. Skin Res Technol.
2021b;27(4):544-53.

Jiang R, Kezele I, Levinshtein A, Flament F, Zhang J,
Elmoznino E, et al. A new procedure, free from human as-
sessment that automatically grades some facial skin struc-
tural signs. Comparison with assessments by experts,
using referential atlases of skin ageing. Int J Cosmet Sci.
2019;41(1):67-78.

Nouveau-Richard S, Yang Z, Mac-Mary S, Li L, Bastien P,
Tardy I, et al. Skin ageing: a comparison between Chinese
and European populations. A Pilot Study. J Dermatol Sci.
2005;40(3):187-93.

Tsukahara K, Sugata K, Osanai O, Ohuchi A, Miyauchi Y,
Takizawa M, et al. Comparison of age-related changes in facial
wrinkles and sagging in the skin of Japanese, Chinese and Thai
women. J Dermatol Sci. 2007;47(1):19-28.

Ye R, Chang W, Hu J, Qiao L, Wang Q. A new method for
skin aging evaluation of Chinese women. J Cosmet Dermatol.
2021;20(1):256-62.

Han Y, Li C, Wang R, Zhang J, Wu F, Zhao J, et al. A new
Chinese crow's feet grading scale based on the DermaTOP sys-
tem. Sci Rep. 2023;13(1):18903.

Zhang J, Hou W, Feng S, Chen X, Wang H. Classification
of facial wrinkles among Chinese women. J Biomed Res.
2017;31(2):108-15.

85U0|7 SUOWIWIOD 8AITe81D) 3 (ed!dde ayy Aq peusenob a e sajolle YO 8sn JO Sa|nJ o} Areiq1 81U AB|IA UO (SUONIPUOD-PUB-SWLIBY/LIoO" A3 1M ARe.d) Ul |UO//SdNL) SUORIPUOD PuUe SWe | 8U388S *[5202/90/20] Uo AriqiTauliuo A8|IM ‘SFOET SOTTTT 0T/I0p/L0o A8 | Areiq1jul|uo//sdny woly papeo|umod ‘¢ ‘G20z ‘Y6289t



522 |

International Journal of
Cosmetic Science

\ SOCIETE FRANGAISE DE %

EFFECTS OF UNDER-EYE SKIN AND CROW'S FEET ON PERCEIVED FACIAL APPEARANCE IN

‘WOMEN OF FIVE ETHNIC GROUPS

48.

49.

50.

Monk EP, Kaufman J, Montoya Y. Skin tone and perceived
discrimination: health and aging beyond the binary in
NSHAP 2015. J Gerontol B Psychol Sci Soc Sci. 2021;76(Suppl
3):S313-S321.

Samson N, Fink B, Matts P. Interaction of skin color dis-
tribution and skin surface topography cues in the percep-
tion of female facial age and health. J Cosmet Dermatol.
2011;10(1):78-84.

Porcheron A, Latreille J, Jdid R, Tschachler E, Morizot F.
Influence of skin ageing features on Chinese women's per-
ception of facial age and attractiveness. Int J Cosmet Sci.
2014;36(4):312-20.

51.

Coetzee V, Faerber SJ, Greeff JM, Lefevre CE, Re DE, Perrett
DI. African perceptions of female attractiveness. PLoS One.
2012;7(10):e48116.

How to cite this article: Fink B, Campiche R,
Shackelford TK, Voegeli R. Effects of under-eye
skin and crow's feet on perceived facial appearance
in women of five ethnic groups. Int J Cosmet Sci.
2025;47:510-522. https://doi.org/10.1111/ics.13045

85U0|7 SUOWIWIOD 8AITe81D) 3 (ed!dde ayy Aq peusenob a e sajolle YO 8sn JO Sa|nJ o} Areiq1 81U AB|IA UO (SUONIPUOD-PUB-SWLIBY/LIoO" A3 1M ARe.d) Ul |UO//SdNL) SUORIPUOD PuUe SWe | 8U388S *[5202/90/20] Uo AriqiTauliuo A8|IM ‘SFOET SOTTTT 0T/I0p/L0o A8 | Areiq1jul|uo//sdny woly papeo|umod ‘¢ ‘G20z ‘Y6289t


https://doi.org/10.1111/ics.13045

	Effects of under-eye skin and crow's feet on perceived facial appearance in women of five ethnic groups
	Abstract
	Résumé
	INTRODUCTION
	METHODS
	Study sample
	Facial imaging
	Face ratings
	Skin image measurements

	STATISTICAL ANALYSIS
	RESULTS
	Face ratings
	Skin image analysis
	Under eyes
	Crow's feet
	Correlations

	Regression analysis

	DISCUSSION
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


