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Preface

The nature of certain diseases is different between women and men. Genetic
and hormonal differences affect skin structure and function, thus affecting
disease processes. In addition, exogenous factors differ according to differ-
ences in lifestyle between the sexes. In the last two decades it has been recog-
nized that women are more different medically than previously appreciated,
and studies started being conducted accordingly. Methodologies used in der-
matological research have improved substantially, providing means of objec-
tive evaluation of skin function and characteristics, leading to improvement
in treatment and disease outcome.

Diseases differ between men and women in terms of prevention, clinical
signs, therapeutic approach, prognosis, and psychological and social impacts.

This book outlines several aspects of differences between the skin of
women and men in health and disease, based on available data. It is not
designed to be exhaustive in its coverage of the subject, but rather to highlight
certain aspects of it. We wish and hope that this book will ignite more interest
in the topic of gender dermatology.

The editors are grateful to all our contributing authors for their efforts and
cooperation in applying their knowledge and skill.

Special thanks to our team at Springer: Mr. Grant Weston, Responsible
Editor, Mr. Andre Tournois, Project Coordinator, Mr. Karthik Periyasamy,
Production editor, and Mr. Dinesh Vinayagam, Project Manager, for their
meticulous work.

Tel Aviv, Israel Ethel Tur
San Francisco, CA, USA Howard I. Maibach
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Effects of Gender on Skin
Physiology and Biophysical

Properties

Richard Randall Wickett and Greg G. Hillebrand

Abbreviations

N.S. No significant difference
SC Stratum corneum
TEWL Transepidermal water loss

1.1 Introduction

This chapter will review the literature on gender
differences in skin physiology focusing on non-
invasive biophysical measures of skin function.
While there are countless studies on the biophys-
ical properties of human skin, there are fewer
that examine gender differences. Many studies
are sponsored by the cosmetic industry and not
surprisingly focus on women and often compare
effects of aging or photoaging. Unfortunately,
the literature that explores gender differences
does not always present a clear picture as will be
seen. This contribution will review sebum pro-
duction, skin pH, barrier function as assessed by
transepidermal water loss (TEWL), stratum
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corneum (SC) hydration measured by electrical
properties, skin viscoelasticity and facial skin
wrinkling.

1.2  Sebum Production

On average sebum production is approximately
the same between men and women up to about
age 50. However, there is extreme variability
between individuals. Pochi et al. measured sebum
production rates in men and women between the
ages of 40 and 79 over a three-hour period using
absorbent paper on the forehead [1]. Results are
presented in Table 1.1.

Sebum production clearly drops off in women
after age 50 probably because of menopause. In
all age groups, even 70-79, there was consider-
able overlap between the ranges measured with
higher sebum producing women producing more
sebum in 3 h than lower producing men.

A more comprehensive study of gender differ-
ences in skin sebum production is that by
Luebberding et al. [2]. The authors investigated
300 women and men between the ages of 20 and
74. Sebum production was measured on the
cheeks and foreheads using the Sebumeter [3].
Mean values and standard deviations and statisti-
cal significance levels (p values) for each age
range and over the entire age range are given in
Table 1.2. There were 30 subjects of each sex in
each age range.
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Table 1.1 Sebum production rates and ranges in female and male subjects

Age range Number F/M Female® Range* Male® Range*

40-49 31/50 1.86 0.12-4.80 2.39 0.54-5.14
50-59 21/14 1.08 0.07-2.38 2.43 1.05-4.36
60-69 18/14 0.88 0.22-1.62 242 0.83-4.95
70-79 12/13 0.85 0.33-2.19 1.69 0.63-3.23

2Sebum production in mg/10 cm? of skin in 3 h data from Pochi et al. [1]

Table 1.2 Sebum levels on the forehead for females and

males

Age range | Female* | SD Male* | SD p
20-29 11550 |57.13 | 120.77 |50.24 | NS
30-39 114.82 | 63.60 | 127.53 |53.87 | NS
40-49 130.77 | 63.74 12593 |50.27 | NS
50-59 96.73 | 61.25 12593 |59.66 |<0.05
60-74 66.89 |43.68 |139.10 |66.84 | <0.001
20-74 105.45 | 61.66 105.45 |61.66 |<0.001

2Sebum measurement in pg/cm? data from Luebberding
etal. [2]

While the overall mean was smaller for
women than men, significant differences were
not seen before the 50-59 age group in agree-
ment with the results of Pochi et al. above. Note
the large standard deviations indicating the large
variation in sebum production across the sample
populations. Sebum production on the cheek was
lower than on the forehead but age and sex differ-
ences showed very similar trends. Firooz et al.
[4] also reported lower sebum production in
females compared to males in pooled data from
several age groups and body sites. Among all
the skin parameters reviewed in this work,
lower sebum production in females compared
to males above the age of 50 was observed most
consistently.

1.3  Skin Surface pH

pH is defined as ‘the negative logarithm of the
hydrogen ion concentration’. The most common
method for measuring the skin’s surface pH is to
apply a flat surface membrane electrode hydrated
with distilled water to the skin surface and mea-
sure the apparent pH. This leads to the definition
of skin surface pH in bioengineering terms as:
‘apparent pH as measured by a flat glass elec-

trode at the skin surface with a hydrated skin-
electrode interface [5]. In healthy skin, surface
pH is lower than physiological pH ranging from
about 4.5-5.5 on most body sites under most con-
ditions. There has been increasing interest in the
role of skin surface pH in maintaining a healthy
stratum corneum barrier [5].

Measurements of gender differences in skin
pH have not produced completely consistent
results though there is a trend for females to have
slightly higher pH than males. Table 1.3 shows a
summary of results from several labs comparing
the skin surface pH in men vs. women at various
body sites and age groups. Table 1.3 doesn’t pres-
ent specific pH values because in some cases the
authors only provide graphical data so exact
numerical values are not available. Luebberding
et al. present numerical pH data and found that
males have significantly lower pH on every body
site for every age group [2]. The overall averages
were 5.12 for females and 4.58 for males. This
was among the largest differences seen in any of
the papers reviewed. Zlotogorski [6] found 5.1
on the cheek for males and 5.2 on the cheek for
females and the difference was not statistically
significant. In contrast Ehlers and Ivens [7]
reported higher skin pH in males (5.8) compared
to females (5.5) on the forearm.

In a large cross-sectional study of skin condi-
tion, Hillebrand and colleagues measured cheek
and forearm skin surface pH in 450 subjects (191
males, 259 females) ranging in age for 9—78. The
subjects were art festival goers (ArtPrize 2015,
Grand Rapids Michigan) who happened to walk
by the study venue and volunteered to be partici-
pants. Thus, subjects were literally recruited off
the street and represent a real world sampling of
the local population. Furthermore, the skin was
not washed or prepared in any manner prior to
making the measurement in order to measure an
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Table 1.3 Skin pH results from various authors

Age range Number F/M Body site Result Reference
20-60 292/282 Forehead M=F Zlotogorski [6]
20-60 292/282 Cheek M=F Zlotogorski [6]
21-37 37/46 Face M<F Kim [8]

13-70 354/304 Forehead M<F Man [9]

0-12 142/128 Forearm M<F Man [9]

36-50 82/60 Forearm M<F Man [9]

51-70 28/31 Forearm M<F Man [9]

70+ 31/24 Forearm M=F Man [9]

70+ 3124 Forehead M=F Man [9]

20-74 150/150 Forehead M<F Luebberding [2]
20-74 150/150 Cheek M<F Luebberding [2]
20-74 150/150 Neck M<F Luebberding [2]
20-74 150/150 Forearm M<F Luebberding [2]
20-74 150/150 Hand M<F Luebberding [2]
Not reported 6/6 Forearm M>F Ehlers [7]

9-78 259/191 Forearm M<F Hillebrand?
9-78 259/191 Cheek M=F Hillebrand?

*G. G. Hillebrand unpublished data

unadulterated apparent pH. Skin pH ranged as
low as pH 3.1 to as high as pH 6.8 or nearly 4
orders of magnitude in hydronium ion concen-
tration! While there was no significant gender-
dependent difference in cheek skin pH
(mean = SD: 5.28 *= 043 for males and
5.23 + 0.47 for females), males showed signifi-
cantly (p < 0.001) lower forearm skin pH com-
pared to females (mean + SD: 4.59 + 0.61 for
males vs. 4.78 + 0.65 for females). Figure 1.1
shows the percentage of males and females in
specific pH ranges from pH 3 to pH 7. Females
tend to skew to higher pH in accord with the dif-
ference in the population means. What is note-
worthy is the large overlap in the wide bell
curves for skin pH frequencies between males
and females. Thus, the difference in mean pH
between genders is small compared to the vari-
ance for the entire population (Hillebrand,
unpublished data).

1.4  Transepidermal Water Loss

Measurement of TEWL [10] has been shown
to be a valid method to evaluate skin barrier
function in-vivo [11]. Several researchers

have investigated possible gender differences
in TEWL with varying results. Some of the
results are presented in Table 1.4. Luebberding
et al. [2] reported higher TEWL in males than
in females with significant differences on the
forehead, cheek, neck and forearm. Chilcott
and Farrar [12] reported higher TEWL in
males compared to females on the forearm and
Firooz et al. [4] also reported higher TEWL in
males in pooled data from eight body sites.
Wilhelm et al. [13] and Hadi et al. [14] did not
observe any significant effect of gender on
TEWL.

Chilcott and Farrar [12] used the ServoMed
EP-2  Evaporimeter (ServoMed, Kinna,
Sweden) to measure TEWL while Luebberding
et al. [2] used the TEWAmeter® TM300
(Courage & Khazaka, Cologne, Germany).
This may in part explain the higher forearm
results seen by Luebberding. While results
from the two instruments correlate very well,
TEWAmeter data tend to be up to two times
higher than ServoMed data [11, 15]. Li et al.
[16] also reported lower TEWL in female sub-
jects compared to males in Chinese subjects
from two age groups, 18-25 and 40-50 on vari-
ous body sites.
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Table 1.4 TEWL females and males
Ages No. (F/M) Body site Female Male P Reference
20-74 150/150 Forehead 10.51 9.29 P<0.01 Luebberding [2]
20-74 150/150 Cheek 11.15 10.34 P <0.05 Luebberding [2]
20-74 150/150 Neck 9.25 6.96 P <0.001 Luebberding [2]
20-74 150/150 Forearm 9.10 5.50 P <0.001 Luebberding [2]
20-74 150/150 Hand 11.52 10.92 N.S. Luebberding [2]
18-28 10/8 Forearm 4.68 4.98 P <0.05 Chilcott [12]
10-60 25/25 8 sites 9.52 15.49 P <0.05 Firoz [4]

N.S. no significant difference

1.5  Stratum Corneum Hydration
The stratum corneum needs to maintain proper
hydration in order to function properly and lack of
adequate moisture in the SC can lead to dry skin.
Instrumental methods to measure SC hydration
in-vivo rely on measuring either surface conduc-
tance or capacitance [17-20]. Luebberding et al.
[2] measured skin hydration with the CM 825®
(Courage & Khazaka, Cologne Germany) on five
body sites on 150 subjects of each gender broken
into five age groups. Results from each body site,
pooled by age are presented in Table 1.5.

Females showed higher hydration on the cheek
and hand while males had higher values on the
neck. Differences on the forehead and forearm

Table 1.5 Capacitance by body site and gender®

Body site Female Male P value
Forehead 52.94 50.94 N.S.
Cheek 60.81 57.62 P <0.05
Neck 54.34 59.62 P <0.001
Forearm 44.07 43.10 N.S.
Hand 38.62 32.49 P <0.001

“Data from Luebberding et al. [2]. 150 subjects of each
sex in each age group. Age range = 20-74. N.S. no signifi-
cant difference

were not statistically significant. Li et al. [16] found
females to haves significantly higher hydration on
the décolletage are but no other body sites. Neither
Firooz et al. [4] nor Wilhelm et al. [13] reported
significant gender differences in hydration.
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1.6  Elasticity

Skin is a viscoelastic material. It has the unique
ability to rebound after being stretched allowing
itself to return to its initial size and maintain a
tight covering over the body surface.
Unfortunately, skin elasticity declines after the
third decade in both men and women, especially
on chronically sun-exposed skin sites [21-23].
This loss in elasticity is likely the major driver for
visible facial skin wrinkling and sagging [24].
Skin elasticity is commonly measured using the
non-invasive suction method [25-27]. The
Cutometer® is one of the more widely used
suction-based skin elasticity instruments because
of its portability, speed and simplicity
(Courage + Khazaka Electronic, Koln, Germany).
The stress/strain curve can be divided into differ-
ent regions such as maximum deformation (Uf)
and immediate retraction (Ur). Ratios of these
absolute parameters yield relative parameters of
skin elasticity (e.g. Ur/Uf or R7) that are inde-
pendent of skin thickness. Nedelec et al. [28]
used the Cutometer MPA 580 with a 6-mm probe
to measure skin elasticity at 16 body sites on 121
males and 120 females who were mostly Asian or
Caucasian and aged between 20 and 85 years old.
They found no consistent trend for gender differ-
ences in skin elasticity (R7) across age groups.
Cua et al. [29] also did not observe a significant
difference in skin elasticity between males and
females though their sample size was very small.
Ishikawa et al. [30] compared skin elasticity on
men vs. women in a large subject sample on mul-
tiple skin sites. Specifically, they used the
Cutometer SEM 474 to measure skin elasticity
on the forearm, hand, finger and chest of 96 males
and 95 females ages 9-87. Again, there was no
significant difference in skin elasticity between
males and females. Luebberding et al. [31] used
the Cutometer MPA 580 to measure skin elastic-
ity on the cheek, neck and dorsum of the hand in
150 males and 150 females ages 20-74. Skin
elasticity (Ur/Uf) declined with age in both gen-
ders, but was only slightly higher in women than
in men. The authors noted that there was a more
rapid decline in elasticity in women after 40 years
of age. Firooz et al. [4] also used the Cutometer

MPA 580 to measure skin elasticity in 25 females
and 25 males ages 10-60. While women had
slightly higher elasticity than men, the difference
was not statistically significant. More recently,
Hadi et al. [14] used the DermaLab® Combo to
measure the skin elasticity on the forearm of 50
males and 50 females, ages 18-27. Females
showed slightly higher skin elasticity than males
but the difference was not statistically significant.
Finally, Ma et al. [32] used the Cutometer MPA
580 to measure skin elasticity on the forehead
and cheek of 240 healthy male and female volun-
teers living in Shanghai, aged 20-70 years. There
was no significant difference in forehead skin
elasticity between the genders. However, the
researchers did observe lower cheek skin elastic-
ity (both R5 and R7) in older (age 50-70) males
than females. In summary, while skin elasticity
declines with age in both males and females,
gender-associated differences in skin elasticity at
any given age are small and likely not clinically
meaningful.

1.7  Facial Wrinkling

When it comes to facial wrinkling, which sex
ages faster, men or women? Chung et al. [33]
assessed facial wrinkling on 236 men and 171
women using standardized visual grading scales.
The results suggest that while the pattern of facial
wrinkling is similar between the sexes, women
showed more severe wrinkles after adjusting for
age, sun exposure and smoking. Gender-
dependent differences in facial wrinkling should
also consider facial location. In the perioral
region (upper lip), women exhibit more and
deeper wrinkles than men [34]. However, on the
forehead, men show an earlier onset and more
severe wrinkling at every age than women [32].
Hamer et al. [35] measured facial wrinkling using
digital imaging in 3831 Europeans (58% female)
aged 51-98. Men had higher wrinkle area than
women in the younger age groups (<75) but
women showed more wrinkles in the older age
group (>75). Chien et al. [36] developed photo-
graphic scales for perioral and crow’s feet wrin-
kles that were gender specific meaning that there
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was a scale for men and a scale for women. They
used the grading scales to assess facial wrinkling
on 71 men and 72 women, aged 21-91 years. All
subjects were graded using both scales.
Interestingly, a participant’s score on the female-
specific scale differed significantly from the
male-specific scale score showing that it is
important to use gender-specific scales for the
visual grading of facial wrinkling. The research-
ers found that perioral wrinkling was more severe
in women than men. For participants older than
45 years, there was even greater gender disparity.
Tsukahara et al. measured facial wrinkling in 173
Japanese men and women [37]. Men showed
increased forehead wrinkles compared with
women at all ages. However, the difference in
facial wrinkle severity tended to disappear in the
older age groups and there were no gender-
related differences at any age for upper eyelid
wrinkles. In related work, 3D analysis of skin
replicas found that the depth of eye wrinkles in
men showed an annual variation with more wrin-
kles at the corner of the eye in the fall compared
to the spring; no such annual variation was
observed in women [38]. The varying density of
sebaceous glands on the face may partly explain
the variation in facial wrinkling at different facial
sites. Tamatsu et al. [39] looked at cadaver skin
specimens from females and males ranging in
age from the 20s to 90s at age of death. The found
anegative correlation between wrinkle depth and

0.16

e Females o
o Males

0.14
0.12

Females
(*=0.63)

L]
0.10+ ° o
0.08 4
0.06 4

(wrinkle area fraction)

0.04 4

Periorbital Wrinkle Severity gy

0.02 4

0.00

Fig. 1.2 Wrinkle severity in the periorbital region for
Caucasian females and males. (a) Scatter plot where each
point represents a subject’s wrinkle severity. Lines repre-

sebaceous gland density. Sebaceous gland den-
sity was found to be significantly lower in the
lateral canthus than in the forehead on both males
and females. However, while the sebaceous gland
density was significantly lower in females than in
males in both facial regions, there was no signifi-
cant gender-dependent difference in wrinkle
depth.

In a cross-sectional study of skin condition,
Hillebrand and colleagues measured facial wrin-
kling in the periorbital area (under eye and crow’s
feet wrinkles) on 147 Caucasian males and 183
Caucasian females, aged 10-78. Regression anal-
ysis showed that both gender and age to be sig-
nificant (p < 0.05) factors in describing the
variance in wrinkle severity (Fig. 1.2a). However,
when other factors are considered in the regres-
sion analysis, like the subject’s body mass index,
smoking history in pack years and years working
outside, gender drops out as a significant factor
suggesting that some of the variance initially
explained by gender can be explained by other
gender-associated confounding factors. We will
discuss confounding factors more later in the
chapter. Figure 1.2b shows the data in Fig. 1.2a
replotted as age group means for males and
females. While females had higher wrinkles than
men in all age groups, none of the pairwise com-
parisons between males and females in any given
age group were significantly different (one-way
ANOVA, Tukey Test).
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1.8 Confounding Factors

The differences observed between male and
female skin may be ascribed to intrinsic factors
like hormones [40] and other genetically deter-
mined variables or extrinsic factors like differ-
ences in smoking, diet, sun protection and skin
care routines. Even differences in facial expres-
sion patterns may differ between the sexes and
influence skin condition, especially facial wrin-
kling [41]. Below we discuss confounding fac-
tors that should be considered when designing
and interpreting clinical data for men and women.

1.8.1 Smoking History

Smoking has been shown to increase facial wrin-
kling [34]. A report by Okada et al. involving
identical twins underscores the risk of smoking
on appearance and health. They compared facial
wrinkling in identical twins and showed that a
5-year difference in smoking history can have a
noticeable effect on skin aging [42]. Similar
observations were reported by Doshi et al. [43].
The exact mechanism for how smoking affects
skin wrinkling is not understood but may involve
changes in skin barrier function and associated
changes in chronic skin dryness caused both by
smoking and exposure to second-hand smoke
[44] which is associated with having more wrin-
kles [41, 43, 44]. Since men are more likely to
smoke than women (Centers for Disease Control
and Prevention [45], smoking needs to be consid-
ered as a confounding variable when comparing
the skin condition of males to females.

1.8.2 Diet and Nutrition

Consuming an adequate amount of fruit and veg-
etables has been shown to reduce the risk of
excess weight gain, type 2 diabetes, cardiovascu-
lar disease, and specific cancers [46, 47]. Pezdirc
et al. [47] has recently reviewed the summation
of evidence linking diet and skin health. The
majority of studies conducted in this space focus
on the effect of dietary supplements on skin con-

dition and most enroll only females. In a cross-
sectional study of 4025 women ages 40-74,
Cosgrove et al. found that higher intakes of vita-
min C and linoleic acid and lower intakes of fats
and carbohydrates are associated with better
skin-aging appearance [48]. Higher intakes of
vegetables, fruit, olive oil, and legumes may
cause less skin wrinkling and are protective
against actinic damage [49]. lizaka et al. mea-
sured nutritional status and habitual dietary
intact, stratum corneum hydration and xerosis in
118 older (>65) Japanese subjects, mostly
females [50]. They concluded that a dietary pat-
tern characterized by higher vegetable and fruit
intake was associated with a better skin condi-
tion. Since men’s daily intake of fruits and vege-
tables is less than that of women [51], dietary
differences in the sample population should be
considered in interpretation and analysis of clini-
cal results as well as in clinical design.

1.8.3 Skin Care Habits and Practices

A person’s daily skin care routine will undoubt-
edly affect their skin condition. Regular use of
moisturizers will improve skin barrier function,
skin hydration, and lessen the advancement of
wrinkling [14, 41]. Those who regularly protect
their skin from acute and chronic sun exposure
will slow the advancement of skin aging. Male
facial skin is largely influenced by beard groom-
ing routines [52, 53]. In this regard, many of the
differences observed between male and female
skin may be attributable to differences in skin
care habits and practices, especially differences
on the face [54].

1.8.4 Sun Exposure

Sun exposure is well known to be a major cause
of wrinkling, especially in facial skin [23, 55—
57]. When discussing gender differences in facial
wrinkles the relative tendency for sun exposure
and the frequency of sunscreen application
should be considered as regular sunscreen use
may provide some protection against the signs of
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photoaging [58, 59]. Haluza et al. reported that
Australian men are more likely to suffer sun
exposure and less likely to use sunscreen com-
pared to their female counterparts [60]. This may
explain the earlier onset [35] and more severe
wrinkling seen in men on the forehead [37] but is
not consistent with the higher levels of perioral
wrinkles seen in women [36].

1.9 Summary

One of most important and difficult questions
whenever comparing measured properties
between two groups is whether statistically sig-
nificant differences are clinically relevant. We
have reviewed and summarized many of the stud-
ies aimed at improving our understanding of the
similarities and differences between male and
female skin with particular attention to differ-
ences in biophysical skin properties. We noted
that results depended on the method used, the
body site being measured, the age of the subjects,
and their prior history of smoking, sun exposure,
and use of skin care products. The most consis-
tent difference between the genders reported in
this review is lower sebum production in women,
especially over the age of 50. However, because
of the high individual variability in sebum output
there is overlap between the high sebum produc-
ing females and low sebum producing males
(Table 1.1). Thus care must be taken when draw-
ing conclusions from the differences reported in
the studies summarized here.
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