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Study Subjects: A cohort of 361 white women (age
range, 18-80 years) with apparently healthy skin.

ing were related to the discrepancies between chronological age and the SAS. Significant effects were identified for phototype, body mass index, menopausal status,
degree of lifetime sun exposure, and number of years of
cigarette smoking. However, these factors accounted for
only 10% of the discrepancies. Moreover, most skin characteristics used reflected changes understood to represent intrinsic aging rather than photodamage or other extrinsic factors.

Measurements: Visual and tactile assessment of facial

Conclusions: An SAS can be generated from multiple

skin features.

discrete signs evaluated on facial skin and is an informative tool for quantifying skin aging. The SAS is influenced by factors already recognized to affect the aging
phenotypes; however, factors related to the rate of intrinsic aging, presumably genetic in character, seem to
play a larger role than previously suspected.

Objective: To assess the relative contribution of intrinsic aging vs lifestyle factors to facial skin age.
Design: Prospective analysis of a cohort.
Setting: Skin research institute.

Results: Twenty-four skin characteristics were used to
build a skin age score (SAS). The relationship between
the SAS and chronological age followed a linear model
with 2 plateaus—1 before age 30 years and 1 after age
71 years. An analysis was performed to determine whether
certain lifestyle habits known to have effects on skin ag-
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KIN AGING is a continuous
process that affects skin function and appearance. However, not everybody ages at
the same speed. It is generally agreed that certain individuals look
“old for their age” or “young for their age.”
Intrinsic, environmental, and lifestyle
factors contribute to the pace of skin aging.1-3 Chronic sun exposure has been
identified as one of the most important environmental injuries leading to acceleration and aggravation of skin aging.4 However, premature aging of the skin is also
observed in several hereditary disorders
and has been associated with defined defects of single genes that code either for
structural proteins or for enzymes involved in repair of DNA damage.5-7 In addition, polymorphisms in certain genes,
most notably those encoding the melanocortin 1 receptor, have been shown to
result in increased susceptibility to UV radiation8,9 and thereby might also affect the
aging process.
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To determine the relative contributions of the different determinants of skin
aging, it is desirable to generate an objective measure of skin aging in a given individual for comparison with others of the
same chronological age. Such determination of whether skin aging in this individual is either accelerated or slowed down
would facilitate the identification of factors, genetic and environmental, that account for the observed variability in the
rate of aging.
The challenge, therefore, classic in the
realm of geriatrics and gerontology,10 is to
estimate a “biological” age that reflects appearance, performance, and functional capacity better than chronological age.10-12
Typically, the methodological approach
consists of selecting a set of markers that
correlates strongly with chronological age,
the underlying assumption being that these
markers are the most accurate indicators
of the individual aging process. Research
into biomarkers of aging has used a variety of mathematical methods ranging from
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multiple regression equations to principal component
analyses to factor analysis.13-17 Descriptors of the skin status have been taken into account only crudely in the few
previous studies of biological age.15-18
Although aging of the skin, similar to aging of other
organ systems, remains poorly understood, considerable progress has been made in the past 15 years in describing the specific component features of aged and
photoaged skin.1-4,19 Many of these features were first articulated in an effort to measure sometimes subtle but
nevertheless important changes in appearance as the result of sun protection or use of topical antiaging therapies.20-22 Several features were found to correlate well with
global assessment of skin appearance by investigators and
patients and to reflect histologic improvements at the light
microscopic and electron microscopic levels.23 From this
work and perhaps from an increasing public awareness
that habitual sun exposure contributes to “premature aging,” there evolved an understanding that chronic photodamage (adverse effects of UV irradiation) accounted
for a large portion of perceived aging changes in skin,2-4
despite a paucity of data to support this belief.
Skin aging is usually assessed either by examination of individual skin features, that is, wrinkles, slackening, and pigment irregularities,1-3 or by global evaluation of appearance.19 In the present study, we produced
a global indicator for skin aging based on individual assessment of a wide range of visual and tactile skin characteristics initially grouped by features of presumed common etiology (eg, sagging or wrinkles). Then, a method
that allowed accounting for the underlying structure of
data was applied.24 Using this approach, which is widely
used in behavioral sciences,25,26 we produced a series of
partial scores corresponding to each feature and a global
score that describes skin aging overall.
METHODS
STUDY POPULATION
A study was conducted between November 2, 1998, and March
30, 1999, on 361 white women aged 18 to 80 years (mean±SD
age, 43.5±15.8 years) living in the Île-de-France region (Paris
and its suburbs) with apparently healthy skin who had not applied skin care or makeup products the evening before and the
morning of the study. Clinical evaluation was performed in controlled environmental conditions (room temperature,
22.9°C±0.3°C; relative humidity, 48.4%±2.4%) after 30 minutes of acclimatization.
Sixty-two skin characteristics were assessed on the face using ordinal scales by an investigator trained in the clinical assessment of healthy skin. Furthermore, individual data known
to have an effect on skin aging were collected: chronological
age, onset of menopause, self-assessment of lifetime sun exposure using a 4-level scale (none, mild, moderate, or severe), and
reactivity of the skin to sun exposure using Fitzpatrick’s 4-level
phototype classification (always burn and never tan, usually
burn and tan with difficulty, sometimes mild burn and tan about
the average, or rarely burn and tan with ease). The distribution of skin phototype27 was as follows: type I, 7%; type II, 31%;
type III, 49%; and type IV, 13%. The distribution in class of
body mass index (BMI) (calculated as weight in kilograms divided by the square of height in meters) was 7% for underweight individuals (BMI ⱕ18.5), 68% for normal weight indi(REPRINTED) ARCH DERMATOL / VOL 138, NOV 2002
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viduals (18.5⬍BMI⬍25.0), 19% for overweight individuals
(25.0ⱕBMIⱕ29.9), and 6% for obese individuals (BMI⬎30.0).28
Smoking for smokers or former smokers was categorized according to the number of years of cigarette smoking.29
STATISTICAL ANALYSIS
Statistical analysis was conducted in 3 steps using statistical software (SAS release 6.12; SAS Institute Inc, Cary, NC)30: (1) selection and grouping of characteristics according to the different features of skin aging, (2) score development, and (3)
modeling of the link with chronological age and identification
of factors affecting the skin age score (SAS).
Selection and Grouping of Characteristics
To keep only variables that had a linear link with age, the relationship between age and skin characteristics was studied: the
distribution of skin characteristics by 10-year age ranges was
examined using the 2 test (FREQ procedure, option CHISQ).
Only variables with a significant link were retained for further
analysis. A typology of these variables was made to group the
remaining characteristics according to each feature of presumed common etiology (eg, wrinkles or pigmentation
irregularities). The correlation matrix of the characteristics was
calculated using the Kendall -b correlation (CORR procedure), and then this matrix was used to group the characteristics (VARCLUS procedure, option MAXEIGEN). Then, the
internal consistency of these groups was checked using the Cronbach ␣ coefficient (FREQ procedure, option ALPHA). Finally,
a first-order confirmatory factor analysis was performed to test
the restitution by these groups of variability between skin characteristics and to identify redundant variables to eliminate these
variables (CALIS procedure).24,31
Score Development
A second-order confirmatory factor analysis was then used, on
the basis of the groups of characteristics obtained in the previous stage, to build a series of partial scores corresponding to
each of these groups, together with a global score to describe
skin aging overall (CALIS procedure).31 The global score was
eventually modified to be expressed in years: the score was calculated for each individual, and its distribution was modified
so that the average and the distribution of individual values
around the average were identical to those for the chronological age of the sample (STANDARD procedure). Finally, to directly calculate these scores using the individual category value
of each characteristic, a series of formulas was developed (REG
procedure).
Of 62 skin characteristics assessed by clinical examination of the faces of 361 women, only 33 showed significant links
with chronological age. Confirmatory factor analysis allowed
exclusion of redundant characteristics and those with no linear link with age. Finally, 24 characteristics, which were split
into 6 groups by presumed common etiology (Figure 1), were
used to obtain a global score quantifying facial skin aging. Figure 1 summarizes the basic concepts of second-order confirmatory factor analysis. The formulas for practicable calculation of these scores are available from the authors on request.
Modeling of the Link With Age and Identification
of Factors Affecting the SAS
A model was first constructed to describe the relationship between the SAS and chronological age. Then, individual SASs
predicted by the model were calculated (NLIN procedure). Finally, factors reported to play a determining role in skin aging
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Skin Characteristics

Partial Scores
0.84
0.67

Blackheads on Cheek
Whiteheads on Cheek
Blackheads on Forehead
Whiteheads on Forehead

0.81

Comedos

Global Score
–0.70

0.55

0.61

Milia on Cheek
Milia on Forehead

0.83

Pigmented Spots on Cheek
Pigmented Spots on Forehead

0.88

Fine Lines on Cheek
Coarse Wrinkles on Cheek
Lines on Lips
Wrinkles on Upper Lip
Nasolabial Folds
Crow’s-feet
Wrinkles Under Eyes
Fine Lines on Forehead
Furrows Between Eyebrows

0.90
0.88
0.83
0.89
0.90
0.88
0.82
0.75
0.69

Tissue Slackening
Drooping Eyelids
Bags Under Eyes
Elasticity on Cheek
Elasticity on Forehead

0.90
0.72
0.78
0.94
0.91

Inability to Redden on Cheek
Inability to Redden on Forehead

0.90

0.79

0.80

0.79

Milia

Pigmented Spots

0.88

Also of interest was the high prevalence of open and
closed comedos indicative of low-grade acne, even in this
population from which individuals diagnosed as having
at least the inflammatory form of this disease had been
excluded. The prevalence of comedos fell below 50% only
after age 50 years, and approximately one third of women
in the 50- to 59-year-old age group were still affected with
lesions, presumably abating only after menopause.
THE SAS INCREASES LINEARLY
WITH CHRONOLOGICAL AGE

Wrinkles

0.97

Sagging

0.98

Inability to Redden

Skin Aging

0.26

Figure 1. Second-order confirmatory factor analysis model used for
development of partial and global skin aging scores. Correlation coefficients
are indicated above the arrows. Correlations between each group of
characteristics and corresponding partial scores, together with correlations
between partial scores and the global score, were estimated using the CALIS
procedure. Each partial score was then estimated as a weighted average for
its centered-reduced characteristics, with weights corresponding to the
correlations. The global score was obtained in the same manner, from the
reduced partial scores. The formulas used for calculation of these scores are
available on request.

(smoking and sun exposure1-3,32), as well as the potential interactions between these factors, were tested in a multiple regression model (GLM procedure, option SOLUTION) using the
following ratio:
(SAS−Predicted Skin Age)/Predicted Skin Age
Photographs of the faces of selected women were taken using
a medical imaging camera (Canfield Clinical Systems, Fairfield, NJ) under standardized conditions to illustrate individuals with SASs greater or less than their chronological age.
RESULTS

PREVALENCE OF AGING SIGNS IN WOMEN
OF DIFFERENT AGES
The prevalence and severity of the selected characteristics increased with age, except for those related to acne,
which decreased with age, as expected (Table). Unexpectedly, however, many of the signs showed a sharp increase in prevalence (from absent to slight) between the
groups aged 30 to 39 and 40 to 49 years. Severity of these
signs generally increased from slight to marked 2 to 3
decades later in most participants. These signs seemed
to be best ascribed to intrinsic aging, largely consisting
of “expression lines” such as furrows between the eyebrows (“frown lines”) and fine lines on the forehead, the
2 earliest signs of aging, affecting most women before age
30 years. In contrast, signs most clearly ascribable to photoaging (“pigmented spots,” ie, lentigines) first affected
most women 2 to 3 decades later.
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The relationship between the SAS and chronological
age followed a linear model (“predicted skin age”), with
a slope of 1.06 (r =0.88; P⬍.001) and 2 plateaus—1 before age 30 years and 1 after age 71 years (Figure 2).
That means that between ages 31 and 71 years, on average, skin age progresses linearly and corresponds almost exactly to chronological age. In contrast, before
age 30 years, any physiological age–associated changes
in the skin are subclinical and are not reflected in the
appearance, whereas older than 71 years, the 3-level
scales used to rate most of the characteristics lost their
discriminatory capacity, that is, the aging-associated
characteristics were present in virtually all women in
that age group.
IDENTIFICATION OF FACTORS
AFFECTING THE SAS
Significant effects affecting the SAS were identified for
the following self-reported factors either independently, such as for phototype, or as interactions between factors, such as for corpulence (a function of height
and weight) and menopausal status, as well as for lifetime sun exposure and smoking habits. The SAS was generally less than chronological age for dark phototypes (III
and IV) and greater for light phototypes (I and II)
(P⬍.008). Similarly, the SAS was less than chronological age for overweight or obese premenopausal women
(BMI⬎25), greater for overweight or obese postmenopausal women (BMI⬎25), and even greater for nonoverweight women regardless of menopausal status (BMI⬍25)
(P⬍.002). As expected, the SAS was generally less than
chronological age for women not severely exposed to the
sun, regardless of their smoking habits; greater for women
severely exposed to the sun who smoked or had previously smoked for less than 15 years; and far greater for
women severely exposed to the sun who smoked for more
than 15 years (P⬍.03). The multiple regression model
explaining in more detail the discrepancies between the
SAS and predicted skin age can be obtained on request
from the authors. However, these factors explained only
part of the individual deviations from the predicted age
(approximately 10% of the variance, multiple correlation coefficient r=0.30; P⬍.001).
Photographs of 4 women, 2 with an SAS less than
their chronological age (Figure 3A and C) and 2 with
an SAS greater than their chronological age (Figure 3B
and D) are shown to illustrate the visible signs summarized by the SAS. The SAS does not measure “attractiveness” per se of either the skin or the individual.
WWW.ARCHDERMATOL.COM
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Frequency of Visual and Tactile Skin Characteristics According to Age Groups*
Age Group, y

Skin Characteristic
Blackheads (cheek)

Blackheads (forehead)

Whiteheads (cheek)§
Whiteheads (forehead)§
Milia (cheek)§
Milia (forehead)§
Pigmented spots (cheek)

Pigmented spots (forehead)

Fine lines (cheek)

Fine lines (forehead)

Coarse wrinkles (cheek)

Furrows between eyebrows

Lines on lips

Wrinkles on upper lip

Nasolabial folds

Tissue slackening

Drooping eyelids

Bags under eyes

Crow’s-feet

Wrinkles under eyes

Elasticity (cheek)

Elasticity (forehead)

Inability to redden when pinched (cheek)§
Inability to redden when pinched (forehead)§

Characteristics
Categories

18-29
(n = 84)

30-39
(n = 77)

40-49
(n = 87)

50-59
(n = 41)

60-69
(n = 36)

70-80
(n = 36)

1 = Absent
2 = Hardly visible
3 = Visible
1 = Absent
2 = Hardly visible
3 = Visible
2 = Present
2 = Present
2 = Present
2 = Present
1 = Absent
2 = A few
3 = Many
1 = Absent
2 = A few
3 = Many
1 = Absent
2 = A few
3 = Many
1 = Absent
2 = A few
3 = Many
1 = Absent
2 = Slight
3 = Very marked
1 = Absent
2 = Slight
3 = Very marked
1 = Absent
2 = A few
3 = Many
1 = Absent
2 = A few
3 = Many
1 = Absent
2 = Slight
3 = Very marked
1 = Absent
2 = Slight
3 = Very marked
1 = Absent
2 = Slight
3 = Very marked
1 = Absent
2 = Slight
3 = Very marked
1 = Absent
2 = Slight
3 = Very marked
1 = Absent
2 = Slight
3 = Very marked
1 = Supple
2 = In-between
3 = Flaccid
1 = Supple
2 = In-between
3 = Flaccid
2 = Present
2 = Present

10
58
32
13
54
33
68
69
0
0
100
0
0
100
0
0
100
0
0
79
21
0
100
0
0
71
29
0
99
1
0
100
0
0
98
2
0
100
0
0
96
4
0
98
2
0
100
0
0
92
8
0
99
1
0
100
0
0
2
2

13
53
34
10
60
30
70
66
0
3
99
1
0
97
3
0
82
18
0
46‡
49‡
5‡
82
18
0
29‡
71‡
0‡
97
3
0
95
5
0
68
31
1
95
5
0
77
23
0
75
24
1
83
17
0
49‡
49‡
1‡
91
9
0
91
8
1
3
6

44
51
6
32
55
13
44†
59
6
11
54
46
0
83
17
0
21‡
76‡
3‡
19
67
14
23‡
76‡
1‡
10
82
8
75
25
0
46‡
53‡
1‡
15‡
80‡
5‡
49‡
51‡
0‡
36‡
61‡
3‡
28‡
65‡
7‡
26‡
70‡
3‡
6
83
11
30‡
68‡
2‡
46‡
53‡
1‡
13
9

66†
32†
2†
61†
37†
2†
29
41†
22
37
22‡
78‡
0‡
56
44
0
7
73
20
2
66
31
5
88
7
10
82
8
20‡
78‡
2‡
2
85
12
0
56
44
2
93
5
15
66
19
5
78
17
2
71
27
0
59
41
0
85
15
7
81
12
7
12

92
3
6
89
6
5
6
31
37
69‡
11
83
6
23‡
74‡
3‡
0
53
47
0
31
69
0
69
31
6
42
53
0
94
6
0
47
53
0
19
81
3
55
42
17
47
36
3
58
39
6
31
64
3
39
58
0
64
36
0
78
22
11
11

89
8
3
89
3
8
11
16
49
68
8
89
3
19
78
3
0
33
67
0
33
67
0
50
50
0
42
58
0
61
39
0
25
75
0
3
97
0
25
75
8
39
53
0
33
67
3
25
72
0
28
72
0
28
72
0
33
67
27
24

*Data are given as percentages.
†Fifty percent or less of individuals show presence of the respective skin characteristic to be negatively linked with age.
‡Fifty percent or more of individuals show presence of the respective skin characteristic to be positively linked with age.
§Percentages for category 1 = absent are 100% minus those given for category 2 = present.

(REPRINTED) ARCH DERMATOL / VOL 138, NOV 2002
1457

WWW.ARCHDERMATOL.COM

©2002 American Medical Association. All rights reserved.

85
75

D

Skin Age Score, y

65

B

55

C

45
35
25

15

A

25

35

45

55

65

75

85

Chronological Age, y

Figure 2. Relationship between the skin age score and chronological age.
Each individual is represented by an open circle. Skin age predicted by the
model appears as a straight line (r =0.88; P⬍.001) between age 31 years
(upper limit for the first plateau) and age 71 years (lower limit for the second
plateau). A to D indicate individuals whose photographs are depicted in
Figure 3.

COMMENT

Estimations of age are constantly performed either consciously or unconsciously during social interaction. This
type of age estimate relies on a global impression, taking
into account not only biological factors, such as ageassociated changes in the skin, but also posture and the
shape of the face.33,34 Regarding skin, it is widely believed
that besides the intrinsic aging process, chronic sun exposure accelerates and modulates the aging process.1-3 Certain genetic defects exemplified by Werner syndrome5,35 or
cutis laxa6 greatly accelerate or aggravate selected features
of aging, suggesting that the wide range of normal aging
rates may result from polymorphisms in as yet unidentified human “longevity genes.”36,37 To identify such genetic factors and as yet unknown environmental effects, it
would be desirable to objectively evaluate the degree of skin
aging in given individuals compared with others of the same
chronological age and to develop a tool to judge whether
the aging process is more or less advanced.
An initial approach to biological age assessment was
multiple regression analysis.15,16 However, this method
was criticized in part because it distorts the individual
biological age at the regression edges. This distortion is
due to the intrinsic mathematical property of linear regression that overestimates biological age for younger individuals and underestimates it for older ones. A second
approach, principal component analysis, which produces linear functions of observed aging variables13 and
offers the advantage of relying on a correlation matrix
and not on a predefined model, was more appropriate
than regression analysis. A much more sophisticated approach was taken by Itoh16 and Nakamura,14 who used
factor analysis methods, in which the fundamental concept is that unobservable “factors” underlie the observed variables. Factor analysis can successfully model
and explain a data set only when the observed variables
can be linearly related to a few unobservable factors,38
and this requirement was met in the present study.
(REPRINTED) ARCH DERMATOL / VOL 138, NOV 2002
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The concept of a global biological age has been criticized because different organs may age at different rates,12
although few previous studies included skin descriptors.15-18 In the present study, we focused on facial skin
to develop an organ-specific age indicator. Our model
pertains only to the skin, and no attempt was made to
relate SASs to other aspects of aging in the study participants.
Consistent with earlier findings,39,40 the SAS identifies an effect of skin phototype on dyspigmentation and
development of facial wrinkles. In addition, our finding
that BMI affects the SAS is in agreement with the recent
study by Purba et al,18 who found a negative correlation
between BMI and the presence of wrinkles on sunexposed areas. In general, the relationship between corpulence and less wrinkled “younger” skin is not intuitive. It is difficult to imagine wrinkles being simply
“stretched out” over abundant subcutaneous fat, and it
is tempting instead to consider that the fat may be acting metabolically to increase local estrogen levels,41,42
thereby affecting the skin aging processes. Finally, our
finding that excessive sun exposure together with heavy
smoking strongly increases the SAS, whereas heavy smoking without excessive sun exposure lacks such effect,
agrees with the finding of Yin et al,32 who reported that
smoking and sun exposure contribute independently to
wrinkle formation but that tobacco smoking in combination with extensive sun exposure has a multiplicative
effect.
The first of 3 unexpected findings in our analysis
was the very high prevalence of comedos, affecting approximately 90% of individuals aged 18 to 39 years, despite the fact that inflammatory acne was an exclusion
criteria for the study. Only after age 50 years were most
participants judged to be free of these findings, lending
support to the public perception that adult acne is common, at least among women. Also of note, while contributing significantly to the SAS, lowering it relative to
chronological age, these findings cannot be considered
to have improved the participants’ appearance.
Second, of the visual skin signs that contributed significantly to the SAS, few have an apparent causal relationship with chronic photodamage, and the one most
clearly attributable to sun exposure (pigmented spots presumably representing lentigines) was of relatively late
onset and could hardly be viewed as “accelerating” the
aging process. On the contrary, the development of “expression lines” and the general slackening of the skin,
manifested for example by prominent nasolabial folds and
“drooping” or redundant eyelids, tended to become prevalent in the fourth and fifth decades of life, marking the
transition from young (unblemished or “perfect”) skin
to aged skin.
Third, the analysis revealed a sharp rise in prevalence for most age-associated skin signs between 30- to
39- and 40- to 49-year-old women, suggesting that the
dread popularly attributed to the 40th birthday may have
an objective basis.
Finally, if not unexpectedly, the analysis revealed large
differences in SASs for women of the same chronological
age, in the range of 25 to 30 years spread across all individuals older than 40 years. Individuals with an SAS
WWW.ARCHDERMATOL.COM
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A

B

C

D

Figure 3. Photographs of women with a skin age score (SAS) less than their chronological age (A and C) and greater than their chronological age (B and D).
A, A 41-year-old woman with an SAS of 28 and skin phototype IV. She used tobacco for 20 years and had moderate lifetime sun exposure. She was not
experiencing menopause, and her body mass index (BMI, calculated as weight in kilograms divided by the square of height in meters) was 21. B, A 42-year-old
woman with an SAS of 55 and skin phototype IV. She smoked for 10 years and had severe lifetime sun exposure. She was not experiencing menopause, and her
BMI was 21. C, A 57-year-old woman with an SAS of 49 and skin phototype IV. She was a nonsmoker, but her lifetime sun exposure was severe. She was
experiencing menopause, and her BMI was 27 (overweight). D, A 57-year-old woman with an SAS of 64 and skin phototype III. She was a nonsmoker, but her
lifetime sun exposure was severe. She was experiencing menopause, and her BMI was 24.
(REPRINTED) ARCH DERMATOL / VOL 138, NOV 2002
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either 10 years greater or 10 years less than their actual
age were common. This broad variability among 361
women of relatively homogeneous genetic background, all
residents of the same geographic area sharing relatively
similar lifestyles, suggests that subtle genetic or environmental factors, likely both, play large roles in the rate of
skin aging. Indeed, given that age-associated changes are
often far less under basal conditions than under stress,43
it is likely that the present approach of using exclusively
noninvasive measures under carefully standardized nonstressful conditions minimized the age differences that
might be measured in such a population.
Taken as a whole, these results support the idea that
an SAS constructed by the method described herein is
a simple and informative tool that might be used for epidemiologic studies, for longitudinal follow-up after
antiaging procedures or treatments, and to guide the
search for genetic polymorphisms underlying the observed variability in the rate of skin aging. Because recognized environmental, lifestyle, and biological factors
explained only approximately 10% of the discrepancies
between the SAS and chronological age, it is indeed warranted to search for such additional factors contributing
to aging. Identifying individuals who show advanced or
retarded skin aging, who might then be targeted for more
detailed analysis, seems to be one useful approach.
Accepted for publication July 25, 2002.
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