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Abstract
Objective—To characterize skin wrinkles and rigidity in recently menopausal women.
Design—Baseline assessment of participants prior to randomization to study drug.
Setting—Multicenter trial, university medical centers.

Patients—Recently menopausal participants enrolled in the Kronos Early Estrogen Prevention
Study (KEEPS).

Interventions—Skin wrinkles were assessed at 11 locations on the face and neck using the
Lemperle wrinkle scale. Skin rigidity was assessed at the forehead and cheek using a durometer.

Outcome—Skin wrinkles and rigidity were compared among race/ethnic groups. Skin wrinkles
and rigidity were correlated with age, time since menopause, weight, and BMI.

Results—In early menopausal women, wrinkles, but not skin rigidity, vary significantly among
races (p=0.0003), where Black women have the lowest wrinkle scores. In White women,
chronological age was significantly correlated with worsening skin wrinkles, but not with
rigidity(p<0.001). Skin rigidity correlated with increasing length of time since menopause,
however only in the White subgroup (p<0.01). In the combined study group, increasing weight
was associated with less skin wrinkling (p<0.05).

Conclusions—Skin characteristics of recently menopausal women are not well studied. Ethnic
differences in skin characteristics are widely accepted, but poorly described. In recently
menopausal women not using hormone therapy (HT), significant racial differences in skin
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wrinkling and rigidity exist. Continued study of the KEEPS population will provide evidence of
the effects of HT on the skin aging process in early menopausal women.
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Introduction

Methods

Menopause is associated with an abundance of physiological changes that dramatically
affect the lives of women. Declines in serum estrogen concentration can be detected in the
years preceding menopause, leading to decreased feedback to the pituitary and a gradual rise
of FSH. Changes during the menopause have significant impact on many organ systems,
including reproductive, circulatory, musculoskeletal, endocrine, neurologic, urinary, as well
as integumentary systems. The skin is the largest nonreproductive target on which estrogen
acts. Skin changes are one of the most readily recognizable signs of aging, where the effects
of estrogen on senile skin were reported as early as 1949.(1) Since that time, a wide range of
skin parameters have been shown to correlate with post menopausal skin such as atrophy(2),
thickness(3-5), dryness(6), hydration(7), elasticity(8), collagen content(9,10), lipid content
of the epidermis(11), sebum(12,13), and wound healing capacity.(14-17) Understanding of
the pathophysiological mechanisms underlying these phenomena began with the
identification of estrogen receptors in the skin in 1980(18).

Interestingly, many clinicians report a subjective difference in the skin quality of patients
using hormone therapy (HT).(19) This observation prompted a small retrospective pilot
study of 11 patients, where we found that long term users of HT have less severe wrinkling
and skin rigidity.(20) We sought to test these hypotheses in an ancillary study of the Kronos
Early Estrogen Prevention Study (KEEPS), a large multicenter prospective randomized
placebo-controlled trial of HT in early menopausal women.(21) An important difference in
the KEEPS population is that participants are recently menopausal, as opposed to our pilot
study, where subjects were at least 5 years from menopause.

Skin aging has not previously been characterized at this endocrinologically unique time
point as a woman has just entered menopause. Furthermore, racial differences in skin aging
are recognized, but not well described.(22-25) Multiple investigators have hypothesized that
skin pigmentation correlates with susceptibility to skin aging, where darker skin is more
protected and lighter skin is more susceptible to the damaging effects of the sun.(24-26)
Surprisingly, published reports supporting these hypotheses are sparse. One of the few
studies providing objective data on racial skin differences was a report by Querleux et al,
who demonstrated ultrasonographic dissimilarities in the skin of African American women.
(27)

We hypothesized that racial differences in skin aging would exist and that these might
impact our evaluation of response to hormone therapy. In this study we sought to define
racial differences in skin aging characteristics at baseline enrollment among the racial
groups in the KEEPS cohort. Defining the racial differences in skin in newly menopausal
women here will allow us to accurately assess the effects of HT on skin aging as the study
progresses.

The KEEPS trial is a multicenter, double blind, randomized placebo-controlled trial
designed to compare the effects of early initiation of oval vs. transdermal estrogen, each
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with cyclic progesterone, on cardiovascular end points. Subjects enrolled in the parent
KEEPS trial were offered participation in this ancillary skin study to evaluate the effects of
HT on skin aging at two of the nine participating sites (Yale University, New Haven, CT
and Albert Einstein College of Medicine, Bronx, NY) under approved IRB protocols at each
institution. Written informed consent was obtained at enrollment. Information on race/
ethnicity was obtained by self-report. Eligibility criteria for the parent KEEPS trial has been
previously reported.(28) In addition to the inclusion/exclusion criteria for the parent trial,
participants taking androgens, long term topical or systemic steroids, or retinoids were
excluded for the skin study, as were those reporting a history of facial plastic surgery, Botox
injections, use of chemical peels, scleroderma, known collagen disorders, facial trauma, or
dermabrasion.

Prior to randomization, skin wrinkles were assessed by a single observer at each anatomical
location using a objective visual scoring system, the Lemperle Scale.(29) Skin wrinkles
were assessed at 11 locations on the face and neck: horizontal forehead, glabellar frown,
cheek folds, preauricular lines (ear), periorbital lines (eye), nasolabial folds, upper lip lines,
corner of mouth lines, marionette lines, chin crease, and neck folds. (Fig 1) Using a pictorial
assessment schema, wrinkle severity was graded on a scale of 0 (none) to 5 (severe) at each
anatomical site. Summation of scores from individual sites provided the “total wrinkle
score”. Skin rigidity was assessed at the forehead (midpoint of the forehead, 2 cm cephalad
to the glabella) and at the cheek (2 cm inferior to the inferior orbital ridge, in the mid
pupillary line) using the durometer. Total durometer score was computed by summation of
face and forehead scores.

Smoking and sun exposure were ascertained using an ordinal scale: frequency of sunscreen
usage (O=never, 1=occasionally/seldom, 2=regularly/daily), Tanning bed (0O=never,
1=occasionally/seldom, 2=regularly/daily), tanning bed lifetime usage (O=never, 1= 1-10
times, 2= >10 times), smoking frequency (0= never, 1= <1, 2= 2-5, 3= 6-10, 4= 11-15, 5=
>15 cigarets per day). Any history of smoking was also assessed on a binary scale (yes or
no). Smoking status/history was compared among races using Pearson’s Chi squared.

Average wrinkle scores and durometer measurements are reported as mean + standard
deviation (SD). Measurements were compared among groups using Kruskal-wallis test for
nonparametric measures with Bonferroni correction for multiple comparisons. Participant
characteristics were compared with skin aging assessment using pair-wise correlations. P-
values are given in the text and tables.

Demographics

Baseline skin assessment was completed in 106 participants from KEEPS. Mean age of
these participants was 53.3 yrs (£2.7) and had an average duration of 1.8 yrs (x1.0) since
menopause. Baseline demographics were also analyzed by racial group, which were broken
in to Black (n=21), White (n=65), and Other (n=16). Race was not recorded for 3
participants. (Table 1) Past or current tobacco smoking, age and years since onset of
menopause were comparable among racial groups; while height, weight, and BMI were
significantly different. Inclusion criteria for the primary KEEPS trail required subjects to
have not used HT for at least 6 months prior to enrollment. Only one participant (1 at
AECOM and none at Yale) required a washout prior to randomization to study drug.

Skin Wrinkles (Lemperle Scale)

Wrinkle scores at each anatomic location assessed by the Lemperle scale were generally
low, with most approximating 1.5 on a scale of 0-5. Mean total wrinkle score in our baseline
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assessment was 17.4+7.4 with anatomical site specific differences noted; the lowest average
wrinkle score was at the cheek (0.7+0.7) and the highest was at the neck (2.5+1.0).
Statistically significant differences in skin wrinkles were detected among groups by race at
the specific locations on the face: glabella frown, eye, ear, nasolabial fold, cheek, mouth, lip,
marionette, chin, and total wrinkle score.(Table 2) In the Black subgroup, wrinkles scores
were significantly lower than Non-Black participants at all facial locations except the neck
(p<0.05). Consistent with this finding, total wrinkle scores were also lower in the Black
subgroup (11.3+1.1) vs Non-Black group (19.0+0.8).

To assess for a relationship between wrinkle scores and demographic characteristics, a
pairwise correlation test was used; a positive association of age with increasing skin wrinkle
scores was found at the eye, ear, nasolabial fold, cheek, marionette, and total wrinkle score.
(Table 3) The effects of age on skin wrinkles was most notable in the White subgroup, were
statistically significant correlations with wrinkles were found at the forehead, eye, ear,
nasolabial fold, cheek, mouth, marionette, and the total wrinkle score.(Table 3)

Overall, a close association with skin wrinkles and time since menopause (a measure of the
length of time with reduced endogenous estrogen exposure) was not seen. No significance
was detected in the combined study group.(Supplemental Table 1)

In general, a trend for lower wrinkle scores (fewer wrinkles) with increasing weight and
body mass index (BMI, weight in kg/height m?) was observed. Weight was inversely
correlated with wrinkles at the forehead, eye, nasolabial fold, lip, marionette, and total
wrinkle score.(Supplemental Table 2) Significant differences among races between wrinkles
and weight or BMI were not observed. Results for weight are shown in Supplemental Table
2, which were similar to results using BMI (data not shown). No relationship between
wrinkle scores and height was appreciated.

Interestingly, waist circumference was found to correlate with nasolabial wrinkling, but only
in the black and White subgroups. (Supplemental Table 3) The power to detect these
differences may be more limited in the ethnic subgroup “Other” due to the smaller N.
Conversely, a relationship between waist circumference and eye wrinkles was observed in
the “Other” racial subgroup.

Severity of neck wrinkles was associated with a history of smoking (p=0.04), but not at any
additional facial location. No correlation of wrinkles with current smoking was observed.

Skin Rigidity (durometer)

The durometer was first developed in the plastics industry to measure surface properties of
various materials. In medicine, it has been validated in the scleroderma patient population as
a way to measure skin hardness.(30-32) In this study, skin rigidity was assessed at the
forehead and face where average scores were 42.5 +12.3 and 10.7 £7.9, respectively.(Table
2) Durometer measurements of skin rigidity demonstrated consistency between the forehead
and face, which were closely correlated (0.55, p<0.01). Overall, durometer scores were not
different among races/ethnicities (Table 2), nor was age associated with skin rigidity.(Table
3) When time since menopause in years (length of decreased estrogen exposure) was
compared with skin rigidity, no significant relationship was detected. However, in the White
subpopulation, forehead rigidity (0.29, p<0.05) and total durometer score (0.32, p<0.01)
were associated with time since menopause.(Supplemental Table 1)

It is unknown if confounding factors contribute both to wrinkles and skin rigidity. To test
this hypothesis, we compared wrinkles with rigid skin to assess for a relationship.
Anatomical as well as racial differentials in the relationships between worsening skin

Fertil Steril. Author manuscript; available in PMC 2012 February 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wolff et al.

Page 5

wrinkles and increasing skin rigidity were observed. Wrinkle scores at the neck were
associated with durometer scores at the forehead (0.25, p=0.01), face (0.25, p<0.01), and
total durometer score (0.28, p<0.01) in the combined group. In contrast, an inverse
relationship between skin rigidity and wrinkling was observed in the Black subpopulation, in
whom durometer scores at both the forehead and face were inversely correlated with
wrinkles at the mouth (—0.61, —0.55; p=0.01). Forehead skin rigidity was positively
correlated with eye wrinkles in both the Hispanic (0.89, p=0.02) and White subpopulations
(0.24, p=0.05). Statistically significant correlation between durometer scores at the forehead
with total wrinkle score in the White subpopulation (0.24, p=0.05) with a trend observed at
the face (0.21, p=0.08).

Weight and BMI were not associated with skin rigidity in this newly menopausal
population.(Supplemental Table 2) No significant associations between skin rigidity and
height, weight, BMI, history of smoking, or current smoking were detected in the group as a
whole or within racial or ethnic subgroups.

Of the subject characteristics that were assessed, waist circumference demonstrated the
strongest association with durometer measures of skin rigidity at the forehead (0.21,
p<0.05), face (0.31, p<0.005), and total rigidity score (0.28, p<0.005). Associations between
waist circumference and skin rigidity were most notable in the White subgroup.
(Supplemental Table 3)

Discussion

Although the effects of estrogen on the skin are widely studied, characterization of the skin
near the menopausal transition is lacking. Furthermore, data on racial differences in skin
aging are sparse and conflicting.(33) Here we describe skin characteristics in recently
menopausal women, and also delineate skin differences that exist among racial groups. Our
finding that black women have significantly fewer wrinkles overall is the first to quantify
such a racial difference in recently menopausal women.

Aging is most apparent by recognizable patterns of skin wrinkling. However, in early
menopause, age appears to have the most dramatic association with skin wrinkles only in the
White subgroup. Resistance to photoaging has been attributed to the protective effects of
melanin.(24,26) The observed relationship between advancing age and skin wrinkles in the
White postmenopausal women in KEEPS is notable given the narrow age range of the
participants enrolled in the parent study. Our findings of reduced wrinkling in Black
postmenopausal women are consistent with prior data, which has shown that persons of
color eventually succumb to the skin aging process, albeit at a slower rate.(24-26)

As was intended by the KEEPS study design, there was a narrow range of time since
menopause in this study cohort. The working hypothesis for the KEEPS skin ancillary study
is that HT will impact on the rate of skin aging; it is not surprising that baseline measures of
skin wrinkling did not correlate with time since menopause given that subjects had only
recently entered menopause. Increasing weight and BMI was observed to confer protection
against skin wrinkling, an association that did not appear to be influenced by race. These
data will provide an optimal reference point with which to compare the effects of HT on
skin aging. Race, age and BMI should be considered when assessing skin aging.

Interestingly, large differences in skin rigidity were not detected in recently menopausal
women. However, when differences were detected, rigidity did correlate with time since
menopause in the White subpopulation of participants. As compared to skin wrinkles, skin
rigidity appears more sensitive to hormonal status (ie time since menopause) rather than
chronological age.
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Of the 11 observed anatomical sites, only neck wrinkles were observed to relate to skin
rigidity. This may imply a different physiology of the skin of the neck than the face, where
wrinkling may be mostly affected by the same influences as rigidity, for instance hormonal
status.

In summary, age at menopause and race appear to significantly affect skin wrinkling.
Wrinkling correlates most closely with chronologic age and skin color rather than estrogen
deprivation, at least in the short term. This is in contrast to skin rigidity that is closely
correlated with time since menopause and therefore estrogen deprivation. Rigidity may be
the earliest marker of estrogen loss on skin. Changes in rigidity may reflect the alterations in
skin collagen and water content that occur rapidly in response to estrogen deprivation.
Wrinkling is the end result of long term accumulated skin damage. Estrogen may rapidly
reduce rigidity and prevent long term damage, while wrinkles may reflect existent damage
that is not responsive to estrogen. We suggest that the changes in skin parallel the timing of
estrogen response as in other tissues, where preexisting damage is not reversible with
estrogen; in contrast estrogen may prevent or slow damage in healthy tissue. These findings
provide the first quantification of skin wrinkles and rigidity in recently menopausal women
and form an important reference point for studying the relative effects of HT on skin aging.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Schematic indicating facial locations of wrinkle assessment of the Lemperle Scale:
horizontal forehead lines (HF), glabellar frown lines (GF), eye (PO, periorbital lines), ear
(PA, preauricular lines), cheek lines (CL), nasolabial folds (NL), upper radial lip lines (UL),
lower radial lip lines (LL), corner of the mouth lines (CM), marionette lines (ML), chin
(LM, labiomental crease), and horizontal neck folds (NF).
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