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Preface

Vashi and Maibach’s Dermatoanthropology of Ethnic Skin and Hair is a com-
prehensive text that extensively examines cutaneous disease in persons with skin of
color. The breadth of knowledge in this book encompasses the wide scope of
dermatologic disease with 26 distinct and unique chapters. It serves as a guide to the
diagnosis and treatment of skin disorders for those populations with darker skin
types.

This book provides an overview of medical, surgical, and cosmetic dermatology
in addition to providing an extensive anthropological and basic science background
to fully understand skin disorders in persons of color. Topics of discussion include
anthropology of skin and hair, biophysical properties of ethnic skin, structure and
function of the skin, physiologic pigmentation, mucosal lesions, acne, rosacea,
inflammatory disorders, infections, autoimmune disorders, connective tissue dis-
ease, hyperpigmentation, hypopigmentation and depigmentation, keloids, scarring,
pediatric disease, alopecias, adnexal disorders, common cosmetic concerns and
treatments, and cultural considerations.

As the domestic and worldwide populations evolve, dermatologists will
increasingly have to recognize nuances in skin disorders that occur in darker skin.
We hope that this book helps dermatologists with the challenges involved in
treating those with darker skin tones in culturally appropriate ways. It has been a
great honor to have leaders in the field of dermatology and ethnic skin contribute to
this book. We are forever grateful for the hard work and insights that were shared
for this important contribution to dermatologic literature.

Boston, USA Neelam A. Vashi, MD
San Francisco, USA Howard I. Maibach, MD
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Chapter 1
The Anthropology of Skin Colors:
An Examination of the Evolution of Skin
Pigmentation and the Concepts of Race
and Skin of Color

Nina G. Jablonski

Skin color is a conspicuous trait of biological and social importance. The associ-
ations of skin color with concepts of human races and social privilege in recent
human history have added to the significance, as well as to the misunderstanding of
the trait, in general society and in medicine. In this chapter, I present a short review
of what we know about human skin color in its evolutionary and social contexts.
Examination of the evolution of the diversity of skin color is an essential foundation
because it informs our understanding of biological and social concepts of race, and
of the validity of the concept of skin of color.

The Evolution of “Naked” Skin and Skin Pigmentation
in the Human Lineage

Most of the surface area of the human body except for the scalp, axillae, and groin
is covered with functionally naked skin. The vellus hairs that emerge from hair
follicles are placeholders in maintaining the integrity of the follicle, but do not serve
the purposes of the terminal hairs that covered our distant hominin (Hominin refers
to the group consisting of modern humans, extinct human species, and all imme-
diate ancestors belonging to the genera Homo, Australopithecus, Paranthropus, and
Ardipithecus.) and primate ancestors. The evolution of hair loss in the human
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lineage has been discussed extensively in the literature and is reviewed elsewhere
[1]. Direct evidence for the evolution of functionally significant novelties of the soft
tissues, including skin, is rare because of the nature of the fossil record. Thus, most
arguments about evolutionary causation rely on critical examination of pertinent
comparative anatomical, physiological, paleoecological, and climatological evi-
dence and the advancing of “most likely” scenarios, which are consistent with
available evidence. Using these criteria, the most likely reason for the evolution of
the loss of body hair in the human lineage was because of the increased importance
of eccrine sweating in thermoregulation under conditions of high environmental
heat and high activity levels [2–5]. The considerable advantages of the loss of body
hair were accompanied by notable disadvantages, namely, the loss of some pro-
tection against abrasion, ultraviolet radiation (UVR), chemicals, pathogens, and
parasites. Compensatory changes evolved quickly in hominin skin, as evidenced by
genomic comparisons between humans and our closest relative, the chimpanzee.
These comparisons have revealed that the human lineage is characterized by
accelerated evolution of keratinization and epidermal differentiation genes that
contribute to enhanced barrier functions of the epidermis [6–8]. Accompanying
changes in constitutive pigmentation were inferred to have occurred before genomic
evidence was available [2, 3], and these were substantiated quickly when it was.
Comparative study of the human melanocortin 1 receptor (MC1R) locus demon-
strated that the timing of evolution of permanent, dark, eumelanin-rich, skin pig-
mentation coincided with the evolution of functional hairlessness and increased
density of eccrine sweat glands early in the history of the genus Homo, approxi-
mately 1.2 million years ago or earlier [9]. Adaptive evolution for sun-resistant
alleles of the MC1R locus appears to have occurred, therefore, when early members
of the genus Homo became mostly hairless and highly physically active inhabitants
of open savannah environments in Africa. For members of the Homo lineage
evolving since then in sub-Saharan Africa––including the earliest modern people,
Homo sapiens––the absence of polymorphism in the MC1R gene has been main-
tained by purifying selection [10, 11]. This denotes that protective eumelanin-rich
constitutive pigmentation has persisted because of its contribution toward the sur-
vival and successful reproduction of populations living under high UVR at low
latitudes.

Extremely high correlations exist between skin pigmentation (as measured by
skin reflectance) and levels of minimal erythema dose UVR (UVMED), with skin
color being almost fully modeled as an effect of autumn UVMED alone (r = 0.927;
P < 0.0001) [3, 12]. The strength of these correlations invites causal explanations
that demonstrate real or probable enhanced reproductive success as a result of the
possession of specific skin pigmentation phenotypes under specific conditions of
environmental UVR. Many adaptive explanations for the evolution of variation in
human skin color have been put forward in the past century, as reviewed elsewhere
[1], and most have suffered from the fact that they cannot demonstrate likely
differences in survivorship and reproduction of different skin color phenotypes
under the same environmental conditions. The “skin cancer hypothesis” has been
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the most popular of these, invoking dark pigmentation as protection against sun-
burn, DNA damage, and skin cancer. Blum pointed out decades ago that dark skin
pigmentation could not have evolved primarily as protection against skin cancers
because such cancers rarely cause death or affect reproductive success during the
peak reproductive years [13]. This has not prevented the skin cancer hypothesis
from being revived, based on the argument that ancestral hominins had pale or
lightly pigmented skin and that modern Africans with OCA2 albinism are a suitable
model for the ancestral state [14]. There is no evidence from comparative anatomy
or genetics to indicate that this was the case, and that skin cancer was a potent
selective force for the evolution of dark pigmentation in early hominins [15]. Many
other explanations have been similarly weak or insufficiently explanatory, including
ideas that the eumelanin was most important in affording protection against tropical
parasites and tropical skin diseases because of its potent antimicrobial properties
[16–18], or that the primary function of eumelanin was augmentation of epidermal
barrier function by increasing the skin’s resistance to desiccation under arid con-
ditions [19–21].

The most strongly and consistent supported hypothesis is that dark pigmentation
evolved in the functionally naked skin of early Homo to help protect against
photodegradation of cutaneous and systemic folate under high UVR conditions.
The physiological effects of photodegradation of folate were explored long before
the full extent of folate’s roles in DNA biosynthesis, repair, DNA methylation,
amino acid metabolism, and melanin production were appreciated [22]. The original
enunciation of the nutrient photolysis theory for the evolution of dark pigmentation
set forth the hypothesis that protective eumelanin-rich pigmentation evolved in
early Homo primarily to prevent reduction of fertility due to photodegradation of
folate in cutaneous blood vessels and the systemic circulation [3]. Folate depletion
by UVR would precipitate folate deficiencies which would, in turn, lead to
potentially fatal birth defects such as neural tube defects (NTDs). Investigations of
the photosensitivity of folate under different conditions in vitro and in vivo have
demonstrated that the relationship between skin pigmentation and folate metabo-
lism is complicated, and it involves direct photodegradation of folate (in its main
form of 5-methyltetrahydrofolate or 5-MTHF) as well as its photodegradation in the
presence of flavins and porphyrins by reactive oxygen species (ROS) [23–26].
Folate metabolism is also regulated by genes and epigenomic factors, which favors
conservation of folate under conditions of longer day length and greater potential
UVR-related folate loss [27, 28]. Recent physiological evidence also indicates the
importance of folate (in the form of 5-MTHF) in thermoregulation, via its effect on
controlling nitric oxide-mediated cutaneous vasodilation [29–32]. Maintaining the
integrity of folate metabolism is important with respect to evolution because it
directly affects reproductive success and survival early in life. Natural selection has,
thus, affected varied genetic and physiological mechanisms in order to protect folate
and 5-MTHF in the face of high UVR. The primary role of dark constitutive skin
pigmentation in hominin and modern human evolution is that of a natural sunscreen
to conserve folate.

1 The Anthropology of Skin Colors: An Examination … 3



The Evolution and Dispersal of Homo sapiens and Its
Consequences for Skin Pigmentation

The key events in the human lineage occurred in equatorial Africa under conditions
of intense and relatively invariant sunlight and UVR. Dispersal of hominins into
non-equatorial Africa and Eurasia involved movements out of UVR-saturated
environments into habitats that were more mixed with respect to the seasonal
pattern, intensity, and wavelength mixture of UVR [33]. Two distinct species of
hominin engaged in widespread dispersals throughout the Old World: early Homo
erectus beginning around 1.8 million years ago [34] and Homo sapiens, beginning
around 55,000 years [35]. The details of the first radiation are fascinating, but
beyond the scope of this chapter. Suffice it to say that most of the non-African
descendants of the first dispersal event went extinct without a trace; a limited
amount of genetic admixture between Neanderthals and modern humans occurred,
and the functional significance of this is a matter of continuing research [36, 37].
There is no evidence to suggest that Homo erectus or early Homo sapiens used
sewn clothing or other methods of full-coverage protection against the sun and
elements. Thus, apart from the time they spent in the shade or in natural shelters,
their bodies were subjected to the full force of UVR wherever they went. Skin was
the primary interface with the environment for most of human evolution.

In order to understand the nature of the selective pressures facing hominins as
they dispersed out of the tropics, some more information on UVR is needed. The
biological activity of UVR varies according to wavelength [38, 39]. Only some
wavelengths of UVB catalyze production of vitamin D in the skin. The process can
occur with exposure to wavelengths between 270 and 300 nm, but peak synthesis
occurs between 295 and 297 nm only. Much less UVB than UVA reach the earth’s
surface because of scattering and absorption by oxygen, ozone, and water mole-
cules in the atmosphere. Because of this and the geometry of sunlight reaching
different places in different seasons, UVB is more variable in its intensity and
distribution than UVA [33]. At the equator and within the tropics, average UVB is
high, with two seasonal peaks at the equinoxes [33]. Outside of the tropics, average
UVB levels are much lower and exhibit a single peak at the Summer Solstice [33].
Average UVB in northern Eurasia and North America is extremely low and highly
variable. The Southern Hemisphere lacks a comparable, habitable, low-UVB land
mass except for the southern tip of South America [40].

The eumelanin in skin is a highly effective sunscreen, and the potential for
cutaneous vitamin D3 production is reduced by dark skin. Other things being equal,
the higher the eumelanin content, the lower the rate of pre-vitamin D3 production in
the skin [3, 41–44]. Darkly pigmented hominins dispersing out of equatorial Africa
thus faced conditions that significantly affected their physiology. Penetration of
UVR into the skin is related to the amount and the distribution of melanin; large,
more superficial, melanin-filled melanosomes and “melanin dust” present in the
stratum corneum are highly effective at reducing transmission [45]. The penetration
of UVB into the skin is minimal compared to UVA because UVB typically travels
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only a few microns. Eumelanin in the skin competes with pre-vitamin D3 precursor
(7-dehydrocholesterol) UVB photons and prevents its penetration into the basal and
spinosal layers deep in the epidermis, where pre-vitamin D3 production takes place
[43, 44]. Pre-vitamin D3 production occurs in skins of all colors, but in
eumelanin-rich skin low doses of UVB do not raise 25(OH)D levels to physio-
logically adequate levels at which storage can take place; higher doses over longer
periods of time are required for this, and these conditions are not met outside of the
equatorial latitudes. The nonlinearity of pre-vitamin D3 production results in lighter
skinned individuals achieving greater effect from higher doses of UVB than darker
skinned individuals [46, 47]. For people with darkly pigmented skin, these
“vitamin-D-safe zones” are smaller and shifted toward the equator because of the
efficacious sunscreening action of eumelanin [3]. For people with dark skin living
outside of the tropics, there is insufficient UVB available in the sunlight outside of
the time immediately around the summer solstice to satisfy the body’s vitamin D
requirements under conditions of casual sun exposure. This is especially true in
latitudes north and south of 45° where the availability of UVB in sunlight is greatly
foreshortened [3, 33, 48–50]. Thus, when we consider the evolution of skin pig-
mentation, it is clear that long-term occupation of non-tropical latitudes would not
have been possible without loss of some constitutive eumelanin pigmentation in
order to prevent the serious sequelae of hypovitaminosis D [3].

The importance of the evolution of depigmentation for hominins living under
non-tropical regimes was inferred before genomic evidence was available [3] and
has been reinforced many times since, as summarized elsewhere [51–53]. As dis-
cussed above, the near absence of variation in MC1R was established in the early
history of the Homo lineage and has been maintained in ancestral and modern
Homo sapiens in Africa because of the importance of dark pigmentation to survival
and reproductive success. In contrast, the MC1R gene is highly variable outside of
Africa, especially in northern Europe, where it is associated with red or blonde hair
and lightly pigmented skin. Depigmented skin did not evolve solely because of
changes in the MC1R locus, however. Rather, a variant form the SLC24A5 gene
homologous to that which produces the golden variant in zebrafish appears to have
been more functionally significant in the evolution of depigmentation in the
ancestors of modern Europeans because of its effect on melanosome size [54].
Depigmentation in the ancestors of eastern Asians was not achieved through
mutations at the SLC24A5 locus, however [54], indicating that the skin of East
Asians underwent loss of pigmentation via a different set of genetic mechanisms.
These are not yet well characterized [55, 56]. The finding that depigmented skin
evolved independently in the ancestors of modern Europeans and East Asians
suggests that at least two (and probably more) distinct genetic mutations occurred
and underwent positive selection in two regions of the world that receive relatively
low levels of UVB [53, 57, 58]. The most likely reason for this was that it was
associated with a loss of skin pigment that favored vitamin D production under
conditions of low UVB [49, 51, 53].

1 The Anthropology of Skin Colors: An Examination … 5



There has been a cause and effect relationship between UVR and skin pig-
mentation in human evolution. Skin pigmentation phenotypes have been modified
under the action of natural selection to maintain an optimum balance between
photoprotection and photosynthesis over spatially varying conditions of UVR. Skin
color thus evolved as the product of two opposing clines, one emphasizing dark
pigmentation and photoprotection against high loads of UVA and UVB near the
equator, the other favoring depigmented skin to promote seasonal, UVB-induced
photosynthesis of vitamin D3 nearer the poles [33]. Intermediate latitudes with
seasonally high loads of UVB favored the evolution of people with intermediate
pigmentation, who are capable of tanning. The genetic basis for “tannability” is
tremendously varied and is the subject of considerable research [59, 60]. The most
important points to reinforce here are that the geographical gradient of human skin
color evolved under the influence of natural selection, and that the very similar skin
color phenotypes (dark, light, and intermediate) have evolved independently
numerous times under similar UVR conditions. The extensive “palette” of skin
color genes has made possible the evolution of remarkably similar skin color from
different combinations of genes and genetic polymorphisms. Diverse combinations
of skin color genes occurred during the course of prehistory as the combined result
of natural selection, gene flow due to migration, and founder effect or genetic drift
due to population bottlenecks occurring in the course of dispersal events [61]. New
combinations of pigmentation genes are being made every day as modern people
move around the world over long distances and mate with one another. Many of the
resulting skin color phenotypes are visually indistinguishable from one another.
This does not mean that there may not be minor differences discernible by reflec-
tometry or in physiological response to UVR challenge. But the palette of skin color
genes in humans is highly redundant, and there are many genetic ways to produce
virtually identical phenotypes. This fact has profound implications for our under-
standing of the concepts of race and skin of color.

Skin Pigmentation Evolution Invalidates the Concept
of Color-Based Race and Suggests That “Skin of Color”
Is an Outdated and Inaccurate Concept

The question is often asked, “how does an understanding of the biology and the
evolutionary basis of skin color diversity contribute to our understanding of the
concepts of race and skin of color?” The answer is simple, but it is sometimes not
what questioners expect or want to hear.

For as long as the concept of race has existed, it has been messy and ill defined.
From its beginnings in the sixteenth century, race was a concept that was associated
with some characteristics of physical difference, primarily those of skin color, along
with characteristics of temperament and capacity for culture and moral judgement
[62]. Early proponents of strict racial categories such as the eighteenth century
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philosophers Immanuel Kant and David Hume held tremendous sway over public
opinion in Europe and the Americas, even though their writings on human diversity
were based on no methodical personal observations and despite the fact that some
of their contemporaries openly and vigorously disputed their conclusions with
empirical data [62]. Beliefs in the scientific validity of race, and of a naturally
defined racial hierarchy, grew in the nineteenth and early twentieth centuries. The
reasons for this have been well reviewed elsewhere [62–64] and what is clear is that
so-called scientific theories of race were anything but. They were pseudoscientific
justifications for racism and rationalizations for the maintenance of the lucrative
transatlantic slave trade.

Biologists and anthropologists long recognized the inutility and invalidity of the
biological race concept [62, 65], and new genetic and genomic evidence continues
to support this conclusion [66, 67]. The evidence presented in this review indicates
that color-based concepts of race are entirely obsolete because people with identical
skin color phenotypes can be genetically entirely different. Despite these facts,
clinicians and forensic scientists generally have retained racial categories––along
with a belief in the validity of races––because race labels have been a part of
medical and legal practice in the U.S. and many other countries for more than a
century. Many health-related granting organizations require that human subjects be
identified by race or ethnicity in order to be entered into clinical studies or trials,
and also stipulate that investigators report results accordingly. Race and ethnicity
lack inherent biological meaning because they are nonexclusive and are defined by
cultural and linguistic characteristics, but they continue to be recycled and revali-
dated in the medical, forensic, and pharmacological literature, out of habit and
usually without question or justification.

The absence of scientific justification for races as “biological real” does not
mean that they are not socially real. Race is a lived reality for many people in the
world because opportunities in education, housing, and employment have been
defined by race in the past, and because the legacies of these inequalities continue.
If there is a biological reality to race it is in the socioeconomic determinants of
health outcomes that people using the same racial labels share. Race thus becomes
synonymous with class, and a determinant of educational opportunities and earning
potential, a predictor of the availability of healthy foods and lifestyles, and an
indicator of the likelihood of the presence or absence of chronic social stress. Races
have a social reality, and that social reality often has health consequences.

The concepts of “ethnic skin” or “skin of color” are similarly misleading. They
exist only because descriptions of human skin by anatomists, histologists, and early
dermatologists were based on the skin of lightly pigmented European people, with
other skin types described later as deviations from a European norm [68]. This is
ironic especially because when the skin of most Europeans––and especially that of
northern Europeans––is compared to a global array of human skin, it is numerically
uncommon and physiologically unusual [68]. There is no biological or evolutionary
unity or identity to “ethnic skin” or “skin of color.” The only important shared
functional characteristic of skin of color is that the presence of more eumelanin
renders it less susceptible to photoaging and skin cancer than lightly pigmented or
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depigmented European skin. As this review (and many of its supporting references)
makes clear, the presence of more eumelanin in the skin does not imply shared
ancestry or genetics, and can even be potentially misleading if it is assumed that
darker-than-European skin denotes particular disease susceptibilities or physio-
logical responses with respect to the skin or the whole body. The labels, “ethnic
skin” and “skin of color” have limited usefulness other than to designate skin that
has been mostly ignored in the history of medicine and science. The study of
cutaneous diversity is extremely important, especially as increasing amounts of
genetic admixture between once widely separated human groups are creating new
skin colors, new pigment gene combinations, and new potentials for genetic
interactions of unknown functional significance.
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Chapter 2
The Impact of Skin and Hair Disease
in Ethnic Skin

Temitayo Ogunleye and Susan C. Taylor

The ethnic/racial demographic of the United States is in the midst of significant
change and physicians must be adept at recognizing and effectively treating der-
matologic disease states in patients with skin of color. Inherent in effectively
treating these cutaneous diseases is sufficiently understanding the patient’s view-
point about his/her disease, as well as hindrances to treatment, compliance, patient
satisfaction, and access to leading treatment modalities. Information about the
physical and psychosocial impact of a disease can be used to guide treatment
practices and appropriately address patient expectations. Additionally, the recog-
nition of psychosocial and physical burdens associated with cutaneous diseases
(i.e., health-related quality of life) will become paramount to support treatment
appeals as reimbursement for treatment of various conditions is becoming more
limited, while some diseases are deemed purely cosmetic and coverage for treat-
ment is denied.

Health-Related Quality of Life

Health-related quality of life (HRQL, HRQoL) instruments assess disease burden
using physical, social, and psychological measures [1, 2]. These broadly encom-
passing measures are important in dermatologic diseases in particular, as health
status or physical impairment may not fully correlate with the impact of the disease
on the patient’s life, nor correlate with severity of disease [3, 4]. Several
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dermatology-specific quality of life (QOL) questionnaires have been developed,
including the Short Health Form 36 (SF-36) [5], the Skindex-29 [6] and the
Dermatology Life Quality Index (DLQI) [7] that assess disease burden in general
dermatologic disease (Table 2.1). Recently, disease-specific QOL questionnaires
have been developed such as the Cardiff Acne Disability Index [8], Psoriasis
Disability Index [1], Quality of Life Index for Atopic Dermatitis [9], Chronic
Urticaria Quality of Life Questionnaire [10], and Melasma Quality of Life scale
(MELASQOL) [3].

The DLQI, developed in 1994, was the first dermatology-specific QOL instru-
ment [7] (Table 2.1). It is a widely used 10-question validated questionnaire that
has been used in over 40 different skin conditions in over 80 countries. The SF-36
questionnaire consists of 36 items forming 8 domains (Table 2.1) [11]. Several
versions of this questionnaire with fewer questions also exist. The Skindex-29
consists of 29 items forming 3 scales: symptoms, emotions, and functioning [6, 12]
(Table 2.1). Higher scores in the DLQI and Skindex 29 correlate with decreased
quality of life, while higher scores in the Skindex-29 instrument correlate with
increased quality of life. Clinical meaning of scores is usually determined via a
statistically significant difference of scoring after some intervention or comparison
of mean scores to other diseases or the general population, although some have
created banding of scores to assign clinical meaning to absolute scores [13]
(Table 2.2). Issues with the banding scoring method include wide variability of
bands created in various studies, and possible lack of generalizability based on
population or disease states studied [13].

Table 2.1 Dermatology specific quality of life questionnaires

Name of
survey
instrument

DLQI SF-36 Skindex 29

Areas
examined

Symptoms
Feelings
Daily
activities
Leisure
Work/school
Personal
relationships
Treatment

Physical functioning
Social functioning
Role physical (limitations in
usual activities because of
physical problems)
Role emotional (limitations in
usual activities because of
emotional problems)
Bodily pain
Mental health
Vitality
General health perception

Symptoms (e.g., itch, pain, and
irritation)
Emotions (e.g., worry, shame,
embarrassment, frustration, and
depression)
Functioning (e.g., sleep, social
life, social isolation, sexuality,
work, and hobbies

Number of
questions

10 36 29

Scoring 0–30 0–100 0–100
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In this chapter, we examine QOL studies that target conditions specific to or
more common in skin of color patients and in particular those improperly deemed
as aesthetic in nature. Providing a better understanding of the extent of disease
burden will result in improved care of these patients.

Disorders of Pigmentation

Disorders of pigmentation occur commonly in individuals with skin of color and
practice surveys reveal that they are the third most common presenting complaint in
darker skinned individuals [14]. Although some physicians and insurance compa-
nies may consider these issues cosmetic, pigmentary disorders can be very dis-
tressing to the affected individual and can have long-lasting psychosocial
implications. Disorders of hypopigmentation, specifically vitiligo, and of hyper-
pigmentation, including melasma and postinflammatory hyperpigmentation, have
been examined to understand the associated psychosocial and physical burdens on
patients.

Vitiligo

Vitiligo is an autoimmune disorder involving melanocytes, leading to loss of pig-
mentation in areas of skin and mucous membranes (Fig. 2.1). Depigmented or
hypopigmented well-demarcated patches are seen most frequently on the hands,
forearms, feet and face, but may be found anywhere. Involvement varies and may
be localized, generalized or universal. In individuals with skin of color, the contrast
between the normal darkly pigmented skin and the depigmented or white vitiligi-
nous skin makes it a highly visible disorder.

The lesions of vitiligo are asymptomatic, contributing to the labeling of the
disease as a cosmetic concern in some Western countries, which subsequently has
led to undertreatment and decreased insurance coverage for treatments [15–17].
However, altered skin color as well skin color that is not uniform can negatively
affect the perception of general health, wealth, worth, and desirability of an

Table 2.2 Sample of proposed scoring interpretation

DLQI (Hongbo) [13, 65] Skindex 29 (Chen) [13] QoL effect

0–1 0–10 None/very little

2–5 11–25 Mild

6–10 26–50 Moderate

11–20 51–70 Severe

21–30 71–100 Very severe
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individual [18]. Vitiligo can lead to social exclusion and is a major medical problem
in India [19, 20]. In that society, vitiligo has been mistaken for infectious diseases
such as leprosy, leading to shunning [19]. Additionally, it can affect marriageability
and render a young woman unable to get married [21, 22]. Hence, the burden of
illness for vitiligo can have far-reaching implications beyond the cosmetic
appearance.

Gender differences in quality of life have been demonstrated in women with
vitiligo where there is evidence of increased depression, anxiety, and community
isolation [23]. In a 2016 review of 21 studies assessing the DLQI score of 4721
patients with vitiligo, ten of these studies revealed impaired quality of life for both
genders, but female patients had more QoL impairment (total mean 8.03) than
males (5.99) [23].

A Netherlands study of 245 patients using the Skindex 29 and SF-36 found that
adult patients with generalized vitiligo had a low mental HRQL [11], comparable
with that of patients with symptomatic skin diseases such as eczema [24, 25],
psoriasis [24, 26, 27], and hand eczema [28]. Patients with dark skin (skin type
IV–VI) and those who had treatment in the past had significantly more impairment
in psychosocial functioning (P < 0.01) [11]. This difference may be attributable to
the ease of visibility of vitiligo in darker skinned patients. Authors also propose that
patients who have been treated in the past may have less hope regarding future
treatment of their disorder, and have overall less acceptance of their disease [11].
A 2015 cross-sectional study of 300 patients also found that darker skinned patients
felt ‘(their) vitiligo ha(d) repercussions on (their) physical appearance’ (P = 0.042)
and ‘managing (their) vitiligo on a daily basis (wa)s a burden’ (P = 0.037) [29].
Fair skinned individuals were more concerned about skin cancer risks from vitiligo
(P = 0.039) [29].

Fig. 2.1 Vitiligo on the back of an affected individual. Note the large patches of depigmentation,
with scattered small confetti macules
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Overall, these studies suggest that regardless of skin type, patients with vitiligo
experience significant disease-related burden and self-perceived stress [11, 29].
However, patients with darker skin may have increased emotional burden in
comparison with their lighter skinned counterparts [29]. In addition, treatment of
vitiligo was also found to be an independent stressor that interfered negatively with
quality of life [11]. Lastly, fair-skinned vitiligo patients had increased concern
about skin cancer development, highlighting an opportunity for education as recent
research indicates that patients with vitiligo have a decreased risk of melanoma and
nonmelanoma skin cancer [29–31].

Melasma

Melasma is a relatively common disorder of acquired hyperpigmentation charac-
terized by symmetric, poorly demarcated brown macules and patches that occur
primarily on sun-exposed areas on the face and neck (Fig. 2.2). The three clinical
patterns of melasma are centrofacial (most common), malar, and mandibular. Risk
factors include exposure to ultraviolet radiation, genetics, hormonal therapy and
pregnancy, phototoxic drugs, and anticonvulsant medications [32].

Fig. 2.2 Melasma on the forehead of an affected individual with poorly demarcated dark brown
macules coalescing into patches
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Melasma affects all races but is especially prevalent in those with darker skin
types (Fitzpatrick skin types III–VI) and has been frequently reported in patients of
Hispanic, African American, Arab, South Asian, Southeast Asian, and East Asian
descent [32]. Additionally, melasma is more prevalent in women, with men com-
prising only 10% of all cases [33].

In 2003, Balkrishnan et al. developed a new health-related quality of life
(HRQL) instrument for women with melasma by merging Skindex-16 and other
skin pigmentation questionnaires [3]. This questionnaire differed from previous
dermatological HRQL instruments such as the DLQI and Skindex-16, which placed
equal weight on physical and psychological effects of skin disease [6, 7]. However,
since the physical discomfort from melasma is negligible, but psychosocial effects
may be severe, a more targeted questionnaire was necessary to adequately measure
the burden of this disease. MELASQoL was developed from questions more rel-
evant to melasma-specific QoL issues and with greater emphasis on the emotional
and psychosocial aspects [3].

The MELASQoL by Balkrishnan et al. [3] identified social life, leisure and
recreation, and emotional well-being as being most affected by melasma, whereas, a
2006 validation study of the MELASQoL in Latino patients, reported the QOL
domains most affected by melasma were emotional well-being, social life, physical
health, and finances [4]. In Asian patients in a 2016 Singapore study of 49 women,
the strongest predictors of decreased HRQoL in women with melasma were
increased disease severity (P < 0.05), increased fear of negative evaluation
(P < 0.01), and the belief that their HRQoL would be better if they did not have
melasma (P < 0.01) [34].

In summary, the MELASQoL questionnaire has been helpful in more accurately
elucidating the psychosocial burden of melasma. Patients report difficulties in
interpersonal relationships, ability to enjoy leisure and recreational activities, and a
financial burden, likely from failed attempts from treatment [3, 35, 36]. These
studies reinforce the need for more successful treatments of this condition that can
have impact that reaches beyond cosmetic disfigurement. This tool has been suc-
cessfully adapted and validated in multiple languages including Spanish, Brazilian
Portuguese, Hindi and French. Since melasma is common worldwide, particularly
in individuals with skin of color, translation to other languages will be helpful in
understanding the impact of melasma in difference countries and to increase the
body of HrQoL data for this condition.

Acne and Postinflammatory Hyperpigmentation

Acne is one of the most frequently encountered diseases in dermatology for indi-
viduals 15–40 years of age in the United States [37] Acne is also the most common
dermatological diagnosis in non-Caucasian patients [38–41]. In a community-based
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photographic study, clinical acne was found to occur most commonly in
Black/African American (37%), Hispanic/Latina (32%), and Asian (30%) women,
more so than in Continental Indian (23%) and White/Caucasian (24%) women [42].

Clinically, acne may present with open and closed comedones and/or a mixture
of inflammatory papules, pustules, and nodules most commonly on the face, chest,
and back of varying severity. In particular, postinflammatory hyperpigmentation
(PIH) is a prominent sequelae of acne in darker skin tone, and can be a source of
increased quality of life burden in skin of color patients. Acne is likely the most
common cause of PIH in patients with skin of color, especially in Black patients
where up to two-thirds of patients may experience PIH [42, 43]. If the inciting
inflammatory condition improves or resolves but postinflammatory hyperpigmen-
tation remains unaddressed, the patient will often consider the treatment to be a
failure [44].

Callender et al. surveyed a diverse sampling of 208 women and found that 70%
non-White/Caucasian women surveyed felt that their skin type required targeted
attention and two-thirds (66.3%) desired an acne treatment that was designed to
meet the needs of their skin [43]. More than 75% preferred to visit a healthcare
professional who had experience treating acne in non-White/Caucasian women
[43]. In addition, the majority of the women surveyed (85.1%) would be interested
in an acne treatment that had been proven effective in treating acne for their race,
ethnicity, or skin type [43]. The types of information considered most convincing in
proving the efficacy of an acne treatment were scientific data or statistics (33.7%),
recommendation by a dermatologist (17.8%) or friend/family member (15.8%),
photographs (13.9%), primary care physician recommendation (10.9%), and other
types of information (8.0%) [43].

Acne was shown to be burdensome and associated with low QoL, negative
self-perceptions and symptoms of depression/anxiety in the Callender study [43].
Levels of social and emotional problems in acne patients were similar to that of
psoriasis patients [45], and even those with severe chronic disabling diseases, such
as arthritis and diabetes [46].

Acne in skin of color patients has the potential sequelae of postinflammatory
hyperpigmentation that can add to the burden of disease. Clearing PIH was most
important for many of the non-White/Caucasian women studied by Callender
(41.6%; p < 0.0001) but was a lesser concern for White/Caucasian women (8.4%)
[43]. Surveys also suggest that this patient population views a dearth of appropriate
treatments and understanding of acne in their skin type, indicating a potential need
for better products made for darker skin types [43]. Improved education of der-
matologists regarding their approach in darker skin types including aggressive
treatment of inflammatory lesions to decrease PIH and concomitant treatment of
PIH may improve both clinical and QoL outcomes.
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Keloids

Keloids represent an exaggerated healing response to trauma, resulting in irregular
deposition of collagen beyond the boundaries of the original injury. Erythematous to
hyperpigmented firm or rubbery nodules/plaques are seen, extending beyond the
original trauma, and sometimes with no known antecedent trauma. Although
sometimes considered a cosmetic issue, keloids are often painful, itchy, and cause a
burning sensation. Keloid scarring is more prevalent in those of African, Asian, and
Hispanic descent [47]. Most studies regarding keloids focus on the efficacy of
available treatment options, but keloids have a significant effect on the quality of life.

A 2015 study of 108 keloid patients revealed that keloid disease had a large
impact on the emotional well-being of patients [48]. Nearly half of the patients
(48%) had severe emotional symptoms and about a quarter reported severe prob-
lems on the symptomatic and functional scale of the Skindex-29 questionnaire, such
as itching and pain [48]. HRQL reduction was similar to the burden of diseases such
as psoriasis, dermatitis, arthritis, and cancer [49]. Importantly, itching and pain were
associated with the largest HRQL impairment, while cosmetic factors such as color,
thickness, pliability, and irregularity of the scar were less related [48].

Another study of 130 patients with scars stratified based on type found that
physiological and hypertrophic scars had little impact on the quality of life, while
keloidal scars and atrophic scars more strongly decreased quality of life not only
related to symptoms but also due to influences on daily activities, leisure and
personal relationships [50].

Keloid scars can be disfiguring, but are a significant source of physical and
psychosocial impairment. Importantly, QoL studies suggest that physical impair-
ment is more burdensome than cosmetic appearance, highlighting the non-cosmetic
and necessary nature of treatment [49, 50].

Alopecia

Hair loss is a common complaint in skin of color patients and several studies have
shown that patients with alopecia have psychological sequelae [51–53]. Since
alopecia is largely considered to be an aesthetic condition, ill feelings can be
exacerbated by health care providers who may underestimate the impact of hair loss
on such patients.

Alopecia can be categorized into scarring or non-scarring subtypes based on the
clinical finding of loss of follicular ostia in areas of involvement, and the pathologic
presence of decreased number of viable follicles and follicular scarring. Alopecia
areata, androgenetic alopecia, telogen effluvium and early traction alopecia are the
main types of non-scarring alopecia, while lichen planopilaris, central centrifugal
cicatricial alopecia, dissecting cellulitis, acne keloidalis nuchae and late stage
traction alopecia are the main types of scarring alopecia. Certain types of scarring
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hair loss such as traction alopecia or central centrifugal scarring alopecia occur with
increased frequency in darker skinned populations, particularly women. However,
quality of life studies specific to these conditions are few.

A study of 50 South African women with alopecia found on a scale ranging from
0 (high QoL) to 100 (severely decreased QoL) a mean QLI of 67, indicating
notable disease burden [54]. The factors with the highest impact were those relating
to self-image (56.3%) and relationships and interaction with other people (34.8%)
[54]. Specifically, subjects expressed concern that their children may develop
alopecia or that their own condition would worsen, not being able to forget about
the presence their alopecia, and worries about cost. The presence of symptoms such
as itching were of less importance (8.9%) [54].

Another study examining 105 British men and women with primary cicatricial
alopecia found that 19% of patients demonstrated a severe impact (DLQI
score � 11) on their QoL [55]. Interestingly, increasing age, being female and
having <25% of hair loss were associated with better illness perceptions, less
psychological distress, and higher QoL [55]. Based on these results, practitioners
may consider more thorough evaluation for psychosocial issues in male patients
with primary cicatricial alopecia who may have higher disease burden than some
practitioners would anticipate.

Similar impact on quality of life was seen in patients with non-scarring hair loss
including alopecia areata, androgenic alopecia, and telogen effluvium [56]. A 2012
study of 104 subjects with these conditions using the Skindex-16 instrument found
a mean score of 57.3 (SD ± 16.2), indicative of moderately decreased quality of
life [56]. The emotions domain reflected the lowest QoL (mean = 83.8 ± 15.2),
followed by function domain (mean = 50.2 ± 30.0) and symptoms domain
(mean = 19.9 ± 19.9), again suggesting that the emotional burden can be more
influential to the well-being of the patient than the physical burden of these con-
ditions [56].

In general, these studies confirm the emotional impact of hair loss in patients in a
quantitative fashion. As the primary caretakers of these conditions in medicine,
dermatologists should continue to treat both the hair disease process, as well as the
psychosocial distress of the patients. By addressing both, we may be able to alle-
viate unnecessary fears of patients, increase patient satisfaction, and improve
patients’ overall quality of life.

Sarcoidosis

Sarcoidosis is a granulomatous disease that may involve any organ. The disease
course is highly variable, ranging from an asymptomatic state to a progressive
condition that may, occasionally, be life-threatening. The pathologic hallmark of
sarcoidosis is the granuloma that may resolve spontaneously or with
anti-sarcoidosis therapy. The typical cutaneous findings are reddish brown papules
and plaques found anywhere on the body, including the face, but are highly variable
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and include subcutaneous, ulcerative, lichenoid, psoriasiform, verrucous, and
hypopigmented forms.

Sarcoidosis affects all races, but African-American women have the highest rates
of sarcoidosis in the United States, including the highest rates of chronic cutaneous
sarcoidosis [57]. Particularly in cutaneous cases with quiescent lung disease, sar-
coidosis may be treated less aggressively secondary to the nonlife-threatening
nature of cutaneous disease [58]. However, an important alternative indication for
treatment includes decreased quality of life.

Previous studies have shown that sarcoidosis experts are relatively poor judges
of the impact of the disease on the patient’s quality of life [59], and initiate treat-
ment based on increases in serum angiotensin-converting enzyme levels or nodu-
larity on chest imaging, which may not translate into appreciable impact on patient
quality of life [58]. However, studies examining HRQL as a primary outcome in
sarcoidosis studies are scarce. The Sarcoidosis Health Questionnaire (SHQ) is a
29-item validated sarcoidosis-specific survey assessing the impact of sarcoidosis
involvement of multiple organ systems, but only has one question relating to the
skin, and therefore may not adequately capture cutaneous burden on quality of life
[60]. The Sarcoidosis Assessment Tool (SAT) is a new quality of life instrument
developed specifically for sarcoidosis that includes cutaneous disease in addition to
pulmonary and ophthalmic involvement [61–63]. Skin Concerns and Skin Stigma
scores of the SAT range from 0 to 40 and 0 to 20, respectively, with higher scores
correlating with greater burden [63].

In a small cross-sectional study of 13 patients designed to examine the validity
and reliability of other cutaneous sarcoidosis outcome instruments, the Skindex-29,
DLQI, and the SAT were given [64]. The mean Skindex-29 Emotions, Symptoms,
and Functioning domain scores were 65.8, 44.6, and 42.9, respectively, indicating
that patients were severely impacted emotionally by their disease, and their
symptoms of itch/pain at least moderately affected their lives. The mean SAT Skin
Concerns and Skin Stigma raw sum scores were 13.3 and 11.1, respectively, again
confirming negatively impacted quality of life. These questionnaires all suggest
some level of burden on skin-specific disease, but larger scale studies with quality
of life as the primary outcome are needed.

Conclusion

Inflammatory, granulomatous, scarring, and pigmentary skin and hair diseases that
are specific to or more common in skin of color patients have been shown to
significantly and negatively impact the quality of life of these patients. Thus,
examining the burden of disease on quality of life in the skin of color patients is
important, especially when many conditions may be improperly labeled as purely
aesthetic. Health-related quality of life studies play a pivotal role in highlighting the
psychosocial effects of disease that at times may even be greater than the physical
impact of the disorder. As healthcare providers, we can utilize quality of life
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research to assure that we are not underestimating disease burden and treating single
facets of multifaceted disease in order to provide complete care. In addition, we
may be able to use these instruments to provide data for improved advocacy for the
health coverage of some of these disorders.
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Chapter 3
Biophysical Properties of Ethnic Skin

E. Berardesca, M. Mariano and N. Cameli

Even though it is well established that all humans belong to the same species, many
physical differences exist among human populations. The use of bioengineering
techniques is useful to investigate these differences that could be due both to
genetic, socioeconomic, and environmental factors [1].

Barrier Function

Stratum corneum is equally thick in different races [2–5]. However, Weigand et al.
demonstrated that the stratum corneum in Blacks contains more cell layers and
requires more cellophane tape strips to be removed than the stratum corneum of
Caucasians [6], while Kampaore and Tsuruta showed that Asian skin was signifi-
cantly more sensitive to stripping than Black skin [7]. Weigand also found great
variance in values obtained from Black subjects, whereas data from White subjects
were more homogeneous. No correlation was found between the degree of pig-
mentation and the number of cell layers. These data could be explained due to the
greater intercellular cohesion in Blacks, resulting in an increased number of cell
layers and an increased resistance to stripping. This mechanism may involve lipids
[8], because the lipid content of the stratum corneum, ranges from 8.5 to 14%, with
higher values in Blacks [5, 9]. This result was confirmed by Weigand et al. who
showed that delipidized specimens of stratum corneum were equal in weight in the
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two races [6]. Johnson and Corah found that the mean electrical resistance of an
adult Black skin is doubled when compared to adult White skin, suggesting an
increased cohesion of the stratum corneum [10]. In fact, La Ruche and Cesarini
found that, in comparison with White skin, the Black skin stratum corneum is equal
in thickness but more compact: about twenty cell layers are observed in Blacks
versus sixteen layers in Whites [5].

Corcuff et al. [11] investigated the corneocyte surface area and the spontaneous
desquamation and found no differences between Black, White, and oriental skin.
However, an increased desquamation (up to 2.5 times) was found in Blacks.
Overall, the data is still controversial. They concluded that the differences may be
related to a different composition of the intercellular lipids of the stratum corneum.
Sugino et al. [12] found significant differences in the amount of ceramides in the
stratum corneum, with the lowest levels in Blacks followed by Caucasian,
Hispanics, and Asians. In this experiment, ceramide levels were inversely correlated
with transepidermal water loss (TEWL) and directly correlated with water content.
Meguro et al. [13] confirmed these correlations. These data may partially explain
the controversial findings in the literature on the mechanisms of skin sensitivity.

Changes in skin permeability and barrier function have been reported: Kompaore
et al. [7, 14] evaluated TEWL and lag time after application of a vasoactive
compound (methyl nicotinate) before and after removal of the stratum corneum by
tape stripping. Before tape stripping, TEWL was 1.3 times greater in Blacks and
Asians compared to Caucasians. No difference was found between Blacks and
Asians, whereas after stripping, they found a significantly higher TEWL in Blacks
and Asians than in Whites. In particular, after stripping Asians showed the highest
TEWL (Asians 1.7 times greater than Caucasians). They concluded that, similar to
previous studies [15, 16], skin permeability measured by TEWL is higher in Blacks
than in Caucasians. They also concluded that Asian skin has the highest perme-
ability among the groups studied. However, these findings have not yet been
confirmed by other groups. In fact, Sugino et al. [12] also included Asians in their
study but found that baseline TEWL was, in decreasing order, Blacks > Caucasians
� Hispanics � Asians. Another study [17] looking at Asian skin has compared
TEWL in Asians and Caucasians and found no statistically significant differences at
baseline or after stripping; however, no vasoactive substance was applied.

Reed et al. [18] found differences in the recovery of the barrier between subjects
with skin type II/III compared to skin type V/VI, but no differences between
Caucasians in general and Asians. Darker skin recovered faster after barrier damage
induced by tape stripping.

Biophysical Parameters

Transepidermal water loss (TEWL), skin conductance, and skin mechanical prop-
erties have been measured under basal conditions in Whites, Hispanics, and Blacks
to assess whether skin color (melanin content) could induce changes in skin
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biophysical properties [19]. TEWL is defined as the amount of water vapor lost
through the skin and appendages under non-sweating conditions. It is the most
studied biophysical property when elucidating skin type variations. Differences
appear in skin conductance are more evident in biomechanical features such as skin
extensibility, skin elastic modulus, and skin recovery. They differ in dorsal and
ventral sites according to races and highlight the influence of solar irradiation on
skin and the role of melanin in maintaining it unaltered.

Wilson et al. [15] demonstrated higher in vitro TEWL values in Black compared
to White skin taken from cadavers. They also found differences in Black and White
skin physiology; in fact, the TEWL increased with skin temperature. In their own
study, they concluded that Black skin would have a greater rise to achieve the same
temperature and therefore a higher TEWL. Since TEWL depends on passive water
vapor loss that is theoretically directly related to the ambient relative humidity and
temperature [20], then, the increased TEWL in Black skin could be associated with
an increase in temperature because it is well established that a difference in Black
and Caucasian temperature exists.

Most studies using the forearm, back, and inner thigh [12–16, 21, 22] show a
greater TEWL in Blacks compared to Whites; however, Warrier et al. [23] have
demonstrated, studying a larger sample size, that TEWL is lower in Blacks than
Whites when measuring on the cheeks and legs. No racial differences in TEWL
exist either on the volar or dorsal forearms. However, water content is increased in
Hispanics on the volar forearm and decreased in Whites (compared only to Blacks)
on the dorsal forearm. These findings partially confirm previous observations [16,
24]. Skin lipids may play a role in modulating the relation between stratum cor-
neum water content and TEWL resulting in higher conductance values in Blacks
and Hispanics.

Racial differences in skin conductance are difficult to interpret in terms of
stratum corneum water content, because other physical factors, such as the skin
surface or the presence of hair, can modify the quality of the skin–electrode contact.
In all races, significant differences exist between the volar and dorsal forearms [19].
These results are in apparent contrast with TEWL recordings. Indeed, increased
stratum corneum water content, correlates with a higher TEWL [25]. These data
may be explained on the basis of a different intercellular cohesion or lipid com-
position. A greater cell cohesion with a normal TEWL could result in increased skin
water content.

Racial variability should be considered in terms of different skin responses to
topical and environmental agents. Race provides a useful tool to investigate and
compare the effects of lifetime sun exposure and ambient relative humidity.
Evolution provided over 100 thousand years of genetic advantage to survive for
those races living in a specific area with specific climatic conditions. Surviving in
harmful environments requires an optimal adaptation of the outermost layers of our
body, the skin on a structural, biochemical, and molecular level. For example, it is
evident that melanin protection decreases sun damage; and furthermore, differences
between sun-exposed and sun-protected areas are not detectable in races with dark
skin.
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However, transepidermal water loss studies are characterized by a large
inter-individual variability and biased by environmental effects and eccrine
sweating. To bypass these influences, an in vitro technique for measuring TEWL
was used to compare TEWL in two racial groups (Blacks and Whites) [15]. Black
skin had a significantly higher mean TEWL than White skin. In both groups a
significant correlation between skin temperature and increased TEWL was found.
The data confirm differences between races found in in vivo studies [16, 24].
The TEWL measurements with regards to Asian skin may be deemed inconclusive
as baseline measurements have found Asian skin to have TEWL values that are
equal to Black skin and greater than Caucasian skin [14], less than other ethnic
groups [12], and no different than other ethnic groups [17]. Overall, data does not
provide consistent, reproducible conclusions which may be attributed to anatomic
site variation and/or disparate measurement parameters.

Irritation

Irritation, as measured by TEWL, [16, 24] revealed a different pattern of reaction in
Whites after chemical exposure to sodium lauryl sulfate. Blacks and Hispanics
developed stronger irritant reactions after exposure. We applied 0.5 and 2.0%
sodium lauryl sulfate (SLS), to untreated, pre-occluded, and pre-delipidized Black
and Caucasian skin and quantified the resulting level of irritation using water
content (WC), TEWL, and laser Doppler velocimetry (LDV) of the stratum cor-
neum [16]. There were only a statistical difference in irritation measuring TEWL
after 0.5% SLS application to the pre-occluded area between the two groups. In
fact, Blacks had 2.7 times higher TEWL levels than Caucasians, suggesting that
Blacks in the pre-occluded state are more susceptible to irritation than Caucasians.
In another study, we compared differences in irritation between Hispanic and
Caucasian skin [16]. We found higher values of TEWL for Hispanics compared to
Whites after SLS-induced irritation. However, these values were not statistically
significant. The reaction of Hispanic skin to SLS resembles Black skin when irri-
tated with the same substance. Therefore, these data oppose the traditional clinical
view, based on observing erythema, that darker are less reactive to irritants than
Whites.

Skin Aging

Skin aging is also associated with progressive atrophy of the dermis and changes in
the architectural organization leading to folds and wrinkles [26].

Asian and Black skin has thicker and more compact dermis than White skin,
with the thickness being proportional to the degree of pigmentation [27].
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This likely contributes to the lower incidence of facial rhytides in Asians and
Blacks. In addition, darker skin types are thought to have more cornified cell layers
and greater lipid content compared to White stratum corneum [12, 19]. The major
cell type of the dermis is the fibroblast, which synthesizes the main structural
elements of the dermis. Black skin has been found to have more numerous, larger,
and more nucleated fibroblasts, smaller collagen fiber bundles, and more macro-
phages than White skin [28]. Chronological aging reduces the life span of fibrob-
lasts; their potential for division being lower in the elderly. Fibroblast functionality
and reactivity likely contribute to both the aging phenomena and abnormal scarring.
Individuals with darker skin are overall thought to have firmer and smoother skin
than individuals with lighter skin of the same age; however, aging does occur in
regards to mottled pigmentation, wrinkles, and skin laxity. Disorders of pigmen-
tation associated with aging seem to occur earlier in Asians as compared to
Caucasians, even though wrinkling appears years later [29, 30]. A complete
knowledge of the structural and functional principles of mature ethnic skin is
helpful to properly care for the aging skin of color population [31].

Conclusion

Ethnic differences in skin physiology have been minimally investigated. The cur-
rent experimental human model for skin is largely based upon physical and bio-
chemical properties known about Caucasian skin. Thus, anatomical or
physiological properties in skin of different races that may alter a disease process or
a treatment of that disease are not being accounted for. Therefore, we still cannot
answer the question “how resistant is black skin compared to white?”. There exists
reasonable evidence to support that Black skin has a higher TEWL compared to
White skin by means of objective measurements. Although some deductions have
been made about Asian and Hispanic skin, the results are contradictory and further
evaluation needs to be done. Perhaps more specificity about the origin of their
heritage should also be included since “Asian” and “Hispanic” encompasses a
broad spectrum of people. Regardless, we remain optimistic that further knowledge
will lead to redefine claim support and more appropriated formulation for
race-based skin care.
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Chapter 4
Differences in Skin Structure and Function
in Ethnic Populations

Lauren E. Wiznia and Nada Elbuluk

Skin structure and function have been studied in various populations. Knowledge of
these structural and functional differences aids the dermatologist in understanding
clinical cutaneous differences between skin types. Furthermore, understanding of
these differences has additional implications on treatment considerations.
Unfortunately, an overall lack of literature exists in the skin of color population.
This chapter summarizes current data on differences in the layers and components
of the skin in various skin types and how this can affect skin structure and function.

Epidermis

The epidermis, the outermost skin layer, serves as a protective barrier between
one’s internal organs and the external environment. The epidermis shields the body
from fluid loss as well as from infections and pollutants in the external environment.
The predominant cell types in the epidermis are keratinocytes, melanocytes,
Langerhans cells, and Merkel cells. Keratinocytes are expressed throughout the
epidermis, and are mitotically active in the basal layer [1]. As they progress through
their development and move externally toward the stratum corneum, the keratins
they express change as the keratinocytes withdraw from the cell cycle [2].
Eventually, keratinocytes differentiate into corneocytes that are ultimately shed
from the skin into the environment. Keratinocytes and the melanocyte with which
they are associated form a complex termed the epidermal melanin unit [3]. Each
melanocyte in the epidermal melanin unit is associated with 30–40 keratinocytes,
and melanocytes transfer melanosomes to the keratinocytes within their unit [4].
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Two other cell types, Langerhans cells and Merkel cells, are less predominant in the
epidermis but nonetheless serve important functions. Langerhans cells are dendritic
cells confined to the epidermis that functions as antigen presenting cells within the
adaptive immune system [1]. Their density decreases with age and in chronically
UV-exposed skin [2]. Merkel cells are neuroendocrine cells in the basal layer of the
epidermis. They are associated with nerve fibers and appendages and are involved
with mechanoreception. [1]

The epidermis has several layers, which include the stratum basale, the stratum
spinosum, stratum granulosum, and the stratum corneum (SC), which is the most
external layer [5]. The stratum basale is the innermost layer of the epidermis and is
composed of mitotically active keratinocytes attached to the basement membrane.
The spinous layer, within the midepidermis, contains “spine-like” cells which are
desmosomes that promote adhesion to surrounding cells [2]. As the keratinocytes
differentiate and move toward the stratum corneum, they flatten and develop
lamellar granules that deliver SC lipid precursors into the intercellular space [1].
The granular layer is named for the keratohyalin granules prominent in this layer.
As keratinocytes continue to differentiate, they destroy most of their cellular con-
tents. The SC, the outermost layer, is composed of anucleate cornified cells.

Stratum Corneum

The barrier formed by the stratum corneum is composed of two compartments,
lipid-poor corneocytes and an extracellular lipid matrix. The lipid-rich membrane
includes ceramides, cholesterol, and long-chain saturated fatty acids [1]. The SC
prevents evaporative water loss from interior skin cell layers. Several studies have
found differences in the SC between skin types (Table 4.1) [6, 7]. Weigand et al.
studied Black andWhite skin by performing skin biopsies and “flooding” the samples
with sodium hydroxide and methylene blue to count SC cell layers under magnifi-
cation. The authors reported that a greater number of tape strippings was required to
remove the SC in Black compared to White subjects. Since Black skin had more SC
layers than White but there was no significant difference in SC thickness, the SC of
Black skin was determined to be more cohesive and compact [6, 7].

Spontaneous desquamation of the SC, which is a reflection of epidermal cell
proliferation, has also been reported as increased in Blacks compared to that of
White and Chinese individuals [8]. Corcuff et al. [8] who reported this finding noted
that the finding was not consistent with prior existing literature. In contrast, Warrier
et al. reported a greater desquamation index in White subjects compared to Black
[9]. There remains no clear consensus in the literature with regard to which skin
type has greater SC desquamation.

The lipid composition of the SC has also been studied among various skin types.
These differences are evaluated through transepidermal water loss (TEWL), which is
the amount of water vapor lost through the skin and appendages under normal
conditions [10]. Rates of TEWL increase when the SC barrier is compromised which
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can occur in various dermatologic conditions or after physical or chemical insults to
the skin. Differences in TEWL, however, are difficult to interpret due to additional
influencing factors including humidity, temperature, season, and the skin’s baseline
hydration level [10–12]. Data from prior studies lead to inconsistent conclusions.
Kompaore et al. [10, 12] studied TEWL in Black, Asian, and Caucasian subjects
after treatment with methyl nicotinate, an agent used to induce vasodilatation.
Subsequently, TEWL was evaluated using noninvasive techniques including tape
stripping and the use of an Evaporimeter. Higher TEWL values were reported in
Blacks and Asians compared to Caucasians. Berardesca et al. also investigated
TEWL and water content in Blacks, Hispanics, and Whites [13]. They found no
significant baseline difference in either of these variables among the three groups.

Studies have also investigated TEWL at different anatomic sites in different skin
types. In an in vitro study evaluating inner thigh skin using an evaporation chamber,
Wilson et al. reported a TEWL 1.1 times greater in black as compared to white skin
[13]. However, Warrier et al. reported TEWL in blacks to be lower on the cheeks
and lower extremities compared with those of Whites [9]. The authors concluded
that their findings of decreased TEWL in Blacks signified that black skin had
superior barrier function in comparison to white skin.

Skin irritancy has also been assessed among various racial groups. Early
research into skin irritancy was based on perceptible erythema induced by various
irritants. These studies initially concluded that black skin was less likely to expe-
rience skin irritation as compared to white skin [14]. More current researches have
used objective measurements including the aforementioned TEWL and water
content to assess skin irritancy between skin types. Goh and Chia [15] found no
significant difference in skin water vapor loss between fair-skinned Chinese,
Malaysian, and Indian subjects. Berardesca et al. assessed skin irritation with the
application of sodium lauryl sulfate to pre-occluded skin in two separate studies,
one comparing Whites and Hispanics and the other comparing blacks and whites.
To do so, the authors assessed nonvisual detection and quantification of erythema,
vasodilation, and skin damage after exposure to irritants through the use of laser
Doppler velocimetry and measurements of both transepidermal water loss and water

Table 4.1 Epidermal differences between black and white skin [6, 8, 16–20, 22, 25, 75]

Epidermal features Black White

Stratum corneum
thickness

Same Same

Number of stratum
corneum layers

More layers Fewer layers

Transepidermal
water loss

Slightly higher to no significant
differencea

Slightly lower to no significant
differencea

Ceramide levels Lower Higher (same to lower than
Asians [19, 20])

pH Lower more superficially, same
at deeper levels

Higher more superficially, same
at deeper levels

aNo clear consensus in the literature
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content [16]. In the first study, Hispanics were found to have greater skin sensi-
tivity, while in the second study Blacks had higher TEWL in pre-occluded skin
signifying greater skin irriration [16–19]. The authors assert that the difference
found in TEWL may be relevant in cases of occupational dermatitis and in the
formulation of topical medications and cosmetics.

Ceramides, which also contribute to the SC’s lipid-rich membrane, have an
inverse relationship with TEWL. Hellemans et al. evaluated ceramides in several
ethnic groups through tape strippings from subjects’ forearms [3]. The ceramide
levels from the strippings were then quantified and analyzed after hydrolysis. The
authors reported a lower ceramide to protein ratio in African Americans than in
Caucasians but similar levels in Asians and Caucasians [19]. Sugino et al. evaluated
ceramides using an Evaporimeter and Impedance meter and reported the lowest
ceramide levels in Black subjects, but higher ceramide levels in Whites, Hispanics,
and Asians, in increasing order [20]. Muizzuddin et al. [21] evaluated transepi-
dermal water loss through tape strippings in African American, Caucasian, and East
Asian skin. East Asian and Caucasian skin was found to have low maturation and a
weak skin barrier, while African American skin was found to have low ceramide
levels. These results were felt to correlate clinically with increased sensitivity in
East Asian skin and increased xerosis in African-American skin. Harding et al.
studied intercellular lipid content in individuals with and without dandruff living in
Thailand and the United Kingdom [11]. Dandruff was associated with a decrease in
free lipids including ceramides, fatty acids, and cholesterol. Lower free lipids were
felt to result in a decreased skin barrier, which could contribute to increased sus-
ceptibility to microbial activity on scalp skin. No consistent differences in inter-
cellular lipid content were found between the two populations [11].

Water content, a measure of skin hydration, has also been studied in different
ethnicities. It is measured as a factor of capacitance, conductance, impedance, and
skin resistance using skin electrodes [22, 23]. Fotoh et al. studied water content in
skin samples from the forehead and volar forearm of women categorized in one of
three groups: (1) sub-Saharan African Blacks or Caribbean Blacks, (2) African or
Caribbean Mixed races (from intermarriage between Black African or Black
Caribbean and White European Caucasian), and (3) European Caucasians [22].
They found no significant difference in water content among these groups. A study
in a Chinese population found that measurements from the forehead and forearm
using a physiologic skin monitor showed SC hydration changes with anatomic site,
age, and gender [23]. These studies collectively show that various anatomic and
demographic factors may lead to differences in water content.

Skin pH, another skin characteristic studied in various skin types, is thought to
play a role in epidermal permeability [24]. Berardesca et al. [25] studied the skin of
African American and Caucasian women by removing SC layers using cellophane
tape stripping and measuring TEWL and pH with every three strippings. They
reported a lower pH in African American compared to Caucasian women on the
midvolar forearm after three tape strippings. They found that further strippings led
to no further significant pH differences and concluded that skin pH is similar within
deeper skin layers of both groups.
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Melanocytes, Melanosomes, and Melanin

Variability in the quantity and type of melanin, melanocyte activity, and melano-
some number, size, type, and arrangement within melanocytes all contribute to
differences in skin pigmentation (Table 4.2) [1, 2]. Melanocytes are located in the
basal layer of the epidermis and in the matrix of hair bulbs [4]. Each melanocyte in
the basal layer is associated with 30–40 keratinocytes located in the malphigian
layer, forming the aforementioned epidermal melanin unit. The metabolic unit of
the melanocyte, the melanosome, is the location of melanin synthesis. There are two
types of melanin, produced within melanocytes, eumelanin and pheomelanin.
Tyrosinase, the rate-limiting enzyme in this process, is formed within the Golgi
apparatus of melanocytes and is transferred to the melanosome early in its devel-
opment. As melanocytes develop, melanin content increases. In later stages of
development, melanosomes are transferred from the melanocyte into the ker-
atinocyte as either single or aggregated particles [26]. Differences in this melano-
some packaging have been noted among skin types, with more singly dispersed
melanosomes being more characteristic of darkly pigmented skin [27, 28].

While epidermal melanocyte number is the same among all skin types, mela-
nocyte density can vary by anatomic location. For example, within an individual,
melanocyte density is greater in the genital region as compared to the back [1]. The
amount of melanin, type of melanin (ratio of eumelanin to pheomelanin), and

Table 4.2 Differences in melanocytes, melanosomes, melanin, and response to ultraviolet light in
black and white skin [23, 27, 37, 38, 44, 45]

Black White

Melanocyte density Same Same

Rate of melanin
production

Higher Lower

Melanosomes Larger, non-aggregated
melanosomes throughout
the epidermis

Smaller, aggregated melanosomes
confined to basal layer of epidermis

Melanin Greater melanin content Lower melanin content

Eumelanin to
pheomelanin ratio

Higher Lower

Response to UV
insult

Greater increase in melanin
content

Lower increase in melanin content,
diffuse keratinocyte activation, increased
neutrophils, and activated proteolytic
enzymes

Vitamin D
production

Less efficient More efficient

Photodamage Decreased susceptibility Increased susceptibility

Photocarcinogenesis Lower rates of melanoma
and non-melanoma skin
cancer

Higher rates of melanoma and
non-melanoma skin cancer
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intracellular distribution and location of melanin within the skin all contribute to
perceived skin color [27, 29]. Melanocytes cultured from Black skin have been
reported to produce more melanin than White skin [30]. The rate of melanogenesis
by melanocytes may also be affected by various factors, including intracellular pH
of melanocytes [30, 31]. Smit et al. measured melanin content spectrophotometri-
cally in neonatal foreskin in skin phototypes I, II, and VI and reported that mela-
nocytes in patients with skin phototype VI contained approximately five times more
melanin than those of patients with Fitzpatrick skin type I [27, 29]. These studies
support the understanding that darker skin types have a greater rate of melano-
genesis and melanin content.

Melanosomes are the organelles unique to melanocytes in which melanin is
synthesized, transported, and deposited. Size, packaging, distribution, and degra-
dation of melanosomes can differ among skin types. Melanosomes have been
reported as more numerous in several ethnic groups including Africans,
African-Americans, and Australian aborigines [32]. Lighter skin types have smaller,
aggregated melanosomes as compared to the larger, non-aggregated melanosomes
found in darker skin types [27, 28]. Melanosome size and aggregation differ even
within individual ethnic groups; dark-skinned Africans have larger non-aggregated
melanosomes compared to the smaller, aggregated melanosomes of lighter skinned
Africans [28]. Caucasians have mainly clustered melanosomes, with groups of 2–10
melanosomes distributed within the lysosomes of keratinocytes, while African
Americans have predominantly individual melanosomes, and Asians have a com-
bination of individual and clustered melanosomes [28]. Melanosome size has been
reported to increase progressively in size from Europeans to Chinese, Mexicans,
Indians, and Africans with the latter having the largest melanosomes [29, 33].
Melanosome distribution within the epidermis also varies across ethnic groups [21,
34, 35]. Melanosomes in White skin are confined to the basal layer of the epidermis
and are absent in the upper layers compared to melanosomes in Black skin that are
found throughout the epidermis, including the SC [36]. This latter finding has been
attributed to a slower rate of melanosome degradation in Black skin [21, 34, 35].

In addition to contributing to skin pigmentation, melanin also plays a role in the
absorption and deflection of ultraviolet (UV) rays. The larger, non-aggregated
melanosomes in Black skin have a higher melanin content and absorb more UV
light than their counterparts in White skin, helping protect darker skin from UV
light’s damaging effects [37, 38]. The sun protection offered by Black skin has been
reported as equal to a sun protective factor (SPF) of 13.4 compared to that in White
skin in which the SPF has been reported as 3.4 [38]. A Japanese study by Abe et al.
supported this finding by showing that skin with a lower melanin content is more
photosensitive as measured by minimal erythema dose (MED) [39]. Kaidbey et al.
reported that on average, five times as much UV light reaches the upper dermis of
Caucasians as that of Blacks. The authors hypothesized that this difference in UV
filtration may account for the decreased frequency with which Black individuals
experience phototoxic drug reactions and actinic damage [38]. The photoprotective
role of melanin may also account for the significantly lower rates of skin cancer
reported in patients with skin of color. Specifically, rates of non-melanoma and
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melanoma skin cancers are 50 and 13 times greater in White than in Black skin,
respectively [40, 41]. Furthermore, the annual incidence of melanoma has been
reported as 1 per 100,000 in Blacks, 4 per 100,00 in Hispanics, and 25 per 100,000
in non-Hispanic Whites [42].

Rates of melanogenesis after UV exposure also vary among racial groups.
Tadokoro et al. established the MED in Latino, Black or African American, Asian,
and White patients by performing biopsies in patients’ skin 7 min, 1 day, and
1 week after UV exposure [43]. Patients classified as Latino and Black/African
American demonstrated a greater increase in melanin content after UV exposure
than those classified as having Asian or White skin. This study reported that
increasing melanin content inversely correlated with the extent of DNA damage
[43]. Additional studies have shown increased p53 immunoreactivity in the epi-
dermis of dark-skinned individuals after UV exposure, suggesting that Black skin
has a more efficient UV damage repair system than White skin [44]. Rijken et al.
[45] also studied Black and White skin’s response to solar simulating radiation. The
authors compared skin of volunteers with Fitzpatrick skin types I–III with skin of
volunteers with Fitzpatrick skin type VI before and after UV exposure. They found
that only for the former group, skin showed diffuse keratinocyte activation,
increased neutrophils, and active proteolytic enzymes. The authors posit that these
findings may help explain darker skin’s decreased susceptibility to photoaging,
sunburns, and skin carcinogenesis [45].

In addition to its role in photoprotection, changes in melanin can also result in
pigmentary disorders. These disorders, such as postinflammatory pigment alteration
and melasma can occur in all skin types but are more common in those with skin of
color [1, 46]. Various factors such as melanin content, UV irradiation, melanocyte
lability, and skin phototype can all influence the development and progression of
pigmentary disorders [47].

Increased melanin may also affect vitamin D production among different skin
types. The endogenous production of vitamin D relies on the conversion of
7-dehydrocholesterol to provitamin D3 after skin is exposed to UVB radiation [1].
Although dietary intake can affect vitamin D levels, the lower levels of vitamin D in
darker skin are also related to greater skin pigmentation that reduces UVB pene-
tration and vitamin D photosynthesis [48]. This leads to less efficient vitamin D
production in darker skin compared to lighter skin, which can consequently lead to
vitamin D deficiency. Vitamin D deficiency is more common in Blacks than in
Whites, with 53–76% of non-Hispanic Blacks having vitamin D levels below
50 nmol/l, as compared to 8–33% of non-Hispanic Whites [39, 48–50].

Dermal–Epidermal Junction

The dermal–epidermal junction (DEJ), also known as the basement membrane,
represents the boundary between the epidermis and dermis. It is composed of two
layers known as the lamina lucida and lamina densa. The DEJ provides resistance
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against external shearing forces and connects the epidermis and dermis [2]. Three
networks form the DEJ, including anchoring fibrils which extend from the lamina
densa into the papillary dermis, the basement membrane, and the hemidesmosome
anchoring filament complex [2]. Projections of the papillary dermis, termed rete
ridges, occur beneath the lamina densa. The DEJ, therefore, represents an important
junction over which both nutrients and waste products are exchanged. Additionally,
disruption of the DEJ which can occur from external trauma or various dermato-
logic conditions can lead to pigment incontinence and subsequent pigmentary
alteration. This can present clinically as post-inflammatory hyperpigmentation or
hypopigmentation, both of which occur more commonly in the skin of color
population [2]. Significant differences in the DEJ of different skin types have not
been well elucidated. Studies have found conflicting results, with Girardeau et al.
finding the DEJ to be thicker in African-Americans compared to Caucasians [51],
while Querleux et al. reported the opposite [52].

Dermis

The dermis provides connective tissue support to the overlying epidermis and is
composed of a fibrous matrix made of collagen, elastin, and fiber fragments, along
with vascular structures, mast cells, and nerves [1]. The dermis also contains
cutaneous appendages [5]. The dermis has two layers, the papillary dermis, which is
more superficial, and the reticular dermis, which lies deeper. The fibroblast is the
major cell type, producing collagen. The papillary dermis is primarily composed of
a loose connective tissue including elastic fibers, extracellular matrix, and collagen
fibers, whereas the reticular dermis contains tightly woven large-diameter collagen
fibrils with surrounding branching elastic fibers [2].

Dermal differences including dermal thickness and number of dermal papillae
have been studied in different skin types (Table 4.3). Querleux et al. [52] reported
no significant difference in papillary dermis thickness amongst African-American,
Mexican, Caucasian, and Chinese subjects. Another study by Sugiyama-Nakagiri
et al. found dermal thickness to be the same across ethnic groups, but more dermal
papillae in Hispanics and African-Americans than in Asians and Caucasians [53].
The clinical significance of this latter finding is uncertain.

Collagen, elastin, and fiber fragments in the dermis comprise the fibrous matrix
and contribute to skin elasticity and laxity. Montagna et al. reported more closely
stacked collagen bundles and numerous fiber fragments composed of collagen
fibrils, glycoproteins, fibroblasts, and macrophages in Black compared to White
subjects [34]. The authors hypothesize that these differences may account for the
firmness or turgor of Black skin, although they did not comment on this finding’s
clinical implications.

Mast cells, another important component of the dermis, may differ between
races. Sueki et al. evaluated ultrastructural differences in mast cell granules between
Black and White skin and found that mast cells in Black skin had larger granules
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and greater levels of tryptase than White skin [54]. This finding may help account
for the greater occurrence of keloids in Blacks, as mast cells have been speculated
as playing a role in the aberrant fibrosis process that contributes to hypertrophic scar
and keloid formation [55, 56]. In addition, these differences in tryptase may account
for the greater pruritus experienced in Black versus White skin [54].

The subcutis, also known as the hypodermis, is formed predominantly of adi-
pocytes [57, 58]. Lobules of adipocytes separated by septa of fibrous connective
tissue are also accompanied by nerves, vessels, and lymphatics. The hypodermis
provides insulation and protection to the skin, as well as serves as a reserve for
energy supply [1]. Defects in the subcutis can be found in various dermatologic
diseases including lipodystrophies [2]. No studies have been done examining dif-
ferences in the subcutis in different skin types.

Cutaneous Appendages

Eccrine and Apocrine Glands

Eccrine glands are located throughout the skin, with the highest density on the
palms and soles followed by the forehead and axillae [1, 5]. They are sweat glands
which allow for evaporative heat loss, electrolyte balance, and maintenance of
moisture in the stratum corneum [1]. There appears to be no significant racial
difference in eccrine gland structure, although differences in function have been
reported [34, 59]. McCance et al. reported White subjects to have higher sweating
rates by cholinergic stimulation than Black subjects [60, 61].

Apocrine glands are confined to the axillae, areolae, nipples, vermilion lip,
anogenital and periumbilical regions [1]. Apoeccrine glands have been reported
only in adult axillae [62, 63]. Montagna et al. qualitatively reported a greater
number of apoeccrine glands in Black compared to White skin [34]. The authors
noted that they could not conclude if this difference was of any evolutionary
significance.

Table 4.3 Dermal differences in black and white skin [6, 14, 34, 52]

Dermal
Features

Black White

Dermal
thickness

Same Same

Collagen fibers More closely stacked Less closely stacked

Fibroblasts More numerous Less numerous

Mast cells Larger granules, greater levels of
tryptase

Smaller granules, lower levels of
tryptase
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Sebaceous Glands

Sebaceous glands produce sebum via holocrine secretion and are under androgenic
influence [1]. Most sebaceous glands are associated with hair follicles although their
overall distribution can vary. They are well developed on the upper back, chest, scalp,
and face. Sebaceous glands contain androgen receptors that bind to dihydrotestos-
terone (DHT), which is a major contributor to gland development and sebum pro-
duction [1]. Decreased sebum production can be associated with dry skin, whereas
excessive production can result in seborrhea. Sebaceous gland activity is thought to
play a role in certain dermatologic conditions such as acne vulgaris and rosacea.

Variations in sebaceous gland activity can also influence selection of dermato-
logic treatments and vehicles used for topical treatments. Studies have found
inconsistent results in the differences in sebaceous glands and sebum production
among skin types [22, 51, 64–66]. In some studies, Blacks have been reported to
have larger sebaceous glands than Whites [14, 65]. With regard to sebum pro-
duction, Kligman and Shelley reported an increase in sebum production in Blacks;
[64] however, other studies have reported no differences among racial groups [67].
Grimes et al. [68] performed a study on sebum production of forehead skin of
African American and White women using a sebumeter and found no statistically
significant differences. A similar study evaluating sebum production with a
sebumeter reported no significant differences in sebum production among African
Americans, Whites, and Asians [67].

Hair Follicles

Hair follicle morphology as well as hair density and diameter have also been studied
across different skin types [14, 34, 69, 70]. Melanosomes have been reported as
being present in the outer root sheath and bulb of vellus hairs in Black but not White
individuals [34]. Black hair has also been reported as being more heavily pigmented
than White hair due to having larger melanin granules in their melanosomes [5, 18].
Hair density and the number of terminal hair follicles have also been reported as
significantly lower in African Americans compared to Whites [69]. Mangelsdorf
et al. and Otberg et al. both reported increased hair density of the forehead region of
Caucasians [71, 72]. Mangelsdorf et al. also reported increased follicular
infundibulum volumes in Caucasians as compared to Africans and Asians [71].

Hair shape and hair shaft diameters also differ among racial groups. Larger vellus
hair shaft diameters have been reported in African subjects in the calf region as
compared to Caucasians [71, 73]. In cross section, hair is elliptical and can vary from
a more flattened ellipse with a major axis twice as long as its minor axis to a nearly
circular ellipse with nearly equal major and minor axes [70]. Cross-sectional anal-
yses of hair from different ethnic groups reported Black subjects to demonstrate
more elliptical shapes, having the longest major axis compared to Chinese, Asian
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Indians, and Western Europeans [70]. The same study compared cross-sectional
areas of the hair shaft in men, and found it to be the largest in Chinese followed by
Asian Indians and Blacks, and then smallest in Western Europeans [70]. Fewer
elastic fibers have also been found to anchor hair follicles to the dermis in Black
subjects [34]. These differences are thought to have implications for variants of
alopecia including traction alopecia, which is more frequently reported in skin of
color [34].

Conclusion

While there are certain similarities in skin structure and function among skin types,
many differences have been found as well. Similarities have been reported in several
skin components including stratum corneum thickness, melanocyte number, dermal
thickness, and sebaceous gland number and function [1, 6, 7, 22, 51, 64–66].
Differences have been reported in other components of the epidermis and dermis as
well as in melanogenesis after UV exposure, vitamin D production, photocarcino-
genesis, and hair follicle density and diameter [6, 8–14, 16–21, 28, 34, 35, 39, 43,
48–50, 74]. Studies across different skin types, races, and ethnicities to evaluate skin
structure and function still remain limited. More research is needed to draw more
definitive conclusions not only about the differences that exist, but also to understand
the clinical implications of these differences. Furthermore, studies need to objec-
tively define skin types and study parameters in order to draw more accurate com-
parisons and conclusions between studies. As the global population continues to
diversify with an increase in the skin of color population, future research will
hopefully shed greater light on the differences and similarities in skin structure and
function and their clinical implications across varied skin types.
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Chapter 5
Photosensitivity and Photoreactivity
in Ethnic Skin

Umer A. Ansari, Stephanie T. Le and Valerie M. Harvey

The Electromagnetic Spectrum—UVA, UVB,
and Visible Light

Solar radiation comprises a continuum of wavelengths including ultraviolet radia-
tion (UVR; 280–400 nm), visible light (VL; 400–760 nm), and infrared radiation
(IR; 760 nm–1 mm) [1]. UVR is further categorized, and although several defini-
tions exist, the classification scheme most widely employed in photodermatology
separates UVB (290–320 nm) and UVA (320–400 nm) [2]. UVA is further divided
into UVA1 (340–400 nm) and UVA2 (320–340 nm) (Fig. 5.1). Because the
majority of wavelengths are absorbed by the ozone layer, only a fraction reaches
the earth’s surface. UV radiation accounts for only 3% of the radiation present on
the earth’s surface [3]. UVB reaches the earth’s surface in relatively low amounts,
accounting for only 0.5% of the solar spectrum at ground level [4]. In contrast,
UVA is 20 times more abundant than UVB, as its longer wavelengths more effi-
ciently penetrate through the ozone layer [4]. VL accounts for 44% of solar radi-
ation at ground level, with IR accounting for the remaining portion [3, 5].
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The Biological Effects of Ultraviolet Radiation

UVA

The cellular and molecular impact of UVR on cutaneous structures is well docu-
mented. UVA’s long wavelengths facilitate its penetration through the epidermis
and into the dermis [6]; 20–50% of UVA reaches the depth of melanocytes, and
approximately 30% of UVA is capable of infiltrating the dermis [4, 7].

Fig. 5.1 Solar radiation comprises a continuum of wavelengths including ultraviolet radiation
(UVR; 280–400 nm), visible light (VL; 400–760 nm), and infrared radiation (IR; 760 nm–1 mm)
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One major mechanism by which UVA provokes epidermal and dermal injury is
via generation of free radicals and reactive oxygen species (ROS) [4, 8]. UVA is
absorbed by cutaneous chromophores including melanin, DNA, RNA, and aromatic
amino acids, triggering photochemical reactions which produce the ROS [1, 9]. In
vitro and in vivo studies have shown that, following UVA exposure, keratinocytes
and fibroblasts increase their expression of biomarkers related to oxidative damage
such as ferritin, lysozyme, matrix metalloproteinase-1 (MMP-1), heme
oxygenase-1, and superoxide dismutase-2 [4, 10]. A recent study using human skin
constructs showed that UVA exposure modulated the expression of genes impli-
cated in oxidative stress and extracellular matrix modeling. Sixty of 74 genes were
expressed after minimal amounts of sun exposure, suggesting that the threshold for
UVA-induced change is quite low [10].

At the cellular level, ROS illicit a number of detrimental effects, including
mitochondrial and cellular membrane injury, and apoptosis [7, 11, 12]. Structural
sequelae of UVA-induced ROS are evident by the destruction of dermal elastin and
collagen, and the effacement of the dermal–epidermal junction [4, 9, 10, 13]. ROS
also mediate the release of cytokines and inflammatory mediators such as his-
tamine, prostaglandins, and kinins [14] which cause dilatation of the vasculature in
the subpapillary plexus [14, 15].

UVA causes direct damage to DNA through the formation of pyrimidine dimers
[12]. Recent data suggests that UVA-induced dimers may be more mutagenic than
those caused by UVB [12]. Runger et al. showed that UVA-irradiated primary
human fibroblasts possess less-effective DNA repair and cell cycle arrest mecha-
nisms compared to human fibroblasts exposed to equimutagenic doses of
UVB [12].

Biological Effects of UVA in Darker Skin Types

There is evidence to suggest that melanin and its intermediaries exacerbate
UVA-mediated damage. Eniko et al. demonstrated that cultured human type VI
melanocytes exposed to UVA experience higher levels of DNA single-strand
breaks compared to type I melanocytes, presumably secondary to the higher mel-
anin content of the former [16]. Marrot et al. also found a correlation between DNA
damage and cellular melanin content; breakage was more intense within melano-
cytes than in fibroblasts, and in cells with high versus low melanin content fol-
lowing melanogenic stimulation [17]. Together, these findings suggest that
individuals with darker skin are in fact susceptible to UVA-induced phototoxicity,
and strengthen the rationale for ethnic-specific sun protection.
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UVB

UVB less effectively penetrates the epidermis than UVA; 9–15% of UVB reaches
the melanocytes, while only 10% of UVB contacts the dermis [4, 7]. Because the
plurality of UVB rays is absorbed by residents of the epidermis, much of its
biological sequelae occur there. The relatively short wavelength of this light
spectrum renders it more potent, imparting its deleterious effects at much lower
doses [1]. UVB directly injures DNA, eventuating in the formation of cyclobutane–
pyrimidine and pyrimidine–pyrimidine dimers within keratinocytes and melano-
cytes [1]. As mutagenesis progresses, cells gain the ability to evade the regulatory
mechanisms of apoptosis [18]. Subsequent clonal expansion of genomically mod-
ified cells ultimately leads to carcinogenesis with the development of squamous cell
carcinomas, basal cell carcinomas, or melanomas [18].

DNA dimer formation is associated with upregulation of melanogenic genes [6].
After UVB exposure, keratinocytes increase the expression of the p53 protein,
which in turn activates transcription of proopiomelanocortin (POMC). POMC is
processed into several different biologically active hormones, including alpha
melanocyte stimulating hormone (alpha-MSH). Alpha-MSH then binds to
Melanocortin-1 receptors on melanocytes and activates melanin redistribution,
melanocyte proliferation, and de novo melanin synthesis [19]. This cascade of
events is accompanied by elevated levels of tyrosinase mRNA [20]. Newly pro-
duced melanin is transferred to the superficial layers of the epidermis [7, 19, 20].
UVB-generated melanogenesis, in combination with epidermal acanthosis, provides
broad spectrum coverage against subsequent UVA, UVB, and VL exposure [1, 12].

UVB is also integral to Vitamin D3 production (cholecalciferol). UVB converts
dehydrocholesterol (provitamin D) to previtamin D3 in the basal and spinous layers
of the epidermis [9]. Previtamin D3 is then heat converted to vitamin D3. Due to the
increased absorbance of UVB by epidermal melanocytes, darker skinned individ-
uals are less-efficient producers of Vitamin D and therefore more susceptible to
vitamin D deficiency [21]. A detailed discussion on the formation and function of
Vitamin D is provided in a review by Goring and Koshuchowa [22].

Biological Effects of UVB in Darker Skin

A number of factors provide darker skin with relative protection against the harmful
effects of UVB. Melanin, an avid absorber and deflector of UVB [23, 24], serves as
a physical shield for UVB exposed cells [12, 23], effectively diminishing the
proportion of keratinocytes, melanocytes, and dermal fibroblasts exposed to UVB
radiation [23, 24]. Furthermore, wavelengths less than 310 nm are preferentially
absorbed by the stratum corneum (SC). Studies have shown that the SC of black
skin has a greater number of layers [25, 26]. Although the SC of black and white
skin are of equal thickness, an increase in its layers makes black skin more compact
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and cohesive, conferring increased relative protection to UVB. Together, these
factors may account for the lower levels of UVB-propagated DNA damage
observed in darker skin compared to lighter skin [27, 28].

Visible Light

Visible Light (VL) has recently been identified as a potential contributor to cuta-
neous carcinogenesis and photodamage. Like UVR, VL is absorbed by an array of
chromophores including melanin, B-carotene, and protoporphyrin [15]. Similar to
UVA, VL triggers free radical damage, inflammatory reactions, and the activation
of matrix metalloproteinases, leading to subsequent dermal damage [15, 29].
A recent study by Chiarelli-Neto [28] showed that VL-generated singlet
oxygen-free radicals via interaction with melanin [28]. Cells expressing higher
melanin levels suffered the greatest amount of necro-apoptosis, suggesting that
VL-induced phototoxicity may be more severe among darker skin types. The effects
of VL are significant, since the majority of currently available proprietary sun-
screens are ineffective against this spectrum of light [29].

Skin Classification Systems

The Fitzpatrick skin phototype system (SPS), based on a self-reported tendency to
sunburn and ability to tan, was initially developed as a method to assess one’s
tolerance to UVR exposure [1]. It was originally created to classify skin phototype
in Caucasians, (classes I to IV), with higher gradation correlating to darker skin.
Skin types V and VI were later incorporated to expand the SPS to include indi-
viduals with brown and black skin, respectively. Although widely employed by
dermatologists, the SPS has many shortcomings [27]. First, several studies have
shown poor correlation between skin phototype, constitutive pigmentation and
minimum erythema dose (MED) [30, 31]. Second, burning and tanning are sub-
jective assessments with inter-individual differences in connotation [32]. Third, the
classification is particularly unreliable in classifying black skin, and clinical trials
have not shown a consistent correlation between skin phototype classification and
sun sensitivity [33–35]. Finally, although people of color are commonly categorized
into types IV–VI based on ethnicity, ethnic skin spans the entire spectrum of skin
color [36].

Bino et al. proposed an alternate classification to the Fitzpatrick-SPS system,
based on the Individual Typology Angle (ITA), as determined by colorimetric
properties of skin L* (luminance) and b* (yellow/blue component) [27]. Bino et al.
created six groups of skin color in which the ITA corresponded to relative melanin
concentration, with lower ITA values signifying darker skin [27]. They were able
validate the ITA measurements in ex vivo skin samples and showed consistent
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correlations between ITA measurements and constitutive pigmentation [27].
Furthermore, ITA correlated with the dose needed for skin to burn, with lower ITAs
requiring higher doses to burn. While the ITA values were fairly consistent in white
and African subjects across geographic regions, values ranged widely among
Hispanics and Asians [27]. The ITA may provide a more accurate and objective
measurement of constitutive pigmentation than the Fitzpatrick system and may
prove to be more predictive of the physiological sequelae of UV exposure [27].

The Clinical Effects of UVR and Visible Light

UVA and Erythema

UVA radiation is 1000 times less potent in causing erythema than UVB [4, 37].
UVA-mediated erythema follows a biphasic pattern [1, 14]. An immediate erythe-
matous reaction, typically only present in lighter skin types I/II, occurs within
seconds to minutes of exposure [1, 14]. Delayed erythema, which occurs within
minutes to hours, may or may not follow and is experienced irrespective of skin type
[1, 14, 38]. However, the dose required to induce UVA-delayed erythema increases
with baseline pigmentation, suggesting a protective role for melanin [7, 14].

UVA and Pigmentation

The pigmentary effects of UVR are classified based on the timing of onset and
duration [39]. Immediate pigment darkening (IPD) occurs immediately after light
exposure, is gray in color, and fades within minutes to hours [14, 40]. Persistent
pigment darkening (PPD) is brown and can persist for as long as one day. Both IPD
and PPD result from oxidation and redistribution of pre-existing melanin [1, 15].
Numerous studies have shown UVA to be more melanogenic than erythemogenic
[15, 38]. UVA causes IPD within hours; with increased or repetitive exposure,
UVA can also produce PPD. Both IPD and PPD are more pronounced in
dark-skinned individuals than in those with fair skin [7].

UVA and Photoaging

Up to 95% of the visible signs of aging can be attributed to lifelong sun exposure
[36]. Photoaging is characterized by patchy/mottled pigmentation, rhytid formation,
laxity, sagging, and xerosis. Histologically, there is altered dermal collagen and
elastin, epidermal atrophy, and pigmentary changes [4, 41, 42]. These changes
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occur less frequently and with less severity among darker skin types [43–45].
Photoaging manifests uniquely in different skin types. A growing body of evidence
demonstrates the critical role of UVA in the pathogenesis of photoaging in ethnic
skin. UVA has been suspected to exacerbate the prominent pigmentary component
of aging ethnic skin, due to its melanogenic properties [15, 38, 46]. Multiple studies
have shown that photoaging in Asians and African Americans is first evidenced as
pigmentary changes including lentigines, dyschromias, and keratoses [47–49].
Compared to white counterparts, Chinese subjects show a 10-year delay in the
development of rhytides [50, 51].

UV-mediated pigmentary lesions are markedly diminished when sunscreen
contents are altered such that the ratio UVA protection factor (UVAPF) to Sun
Protection Factor (SPF) (which provides UVB coverage) is increased [46]. Products
with a UVAPF to SPF ratio greater than three are most effective in preventing
pigmented lesions caused by exposure to sunlight [46]. In vitro studies show that
sunscreens meeting this ratio provide better protection against dermal damage,
produce fewer photoaging related biomarkers, and result in fewer clinically
apparent pigmentary lesions [4, 52, 53].

UVB and Erythema

Sunburn, the most well-known consequence of excessive sun exposure is largely
attributed to UVB injury, which triggers the release of cytokines and inflammatory
mediators causing local inflammatory responses [6] leading to capillary dilation
within the superficial dermis [15]. UVB is more erythemogenic than melanogenic,
with a minimal erythema dose (MED) much lower than its minimal melanogenic
dose (MMD) [38]. UVB produces erythema as its first cutaneous effect at relatively
low quantities [1]. The MED increases linearly with the level of pigmentation [32].
Both constitutive pigmentation and delayed tanning (DT) pigmentation from prior
UVB exposure protect against erythema and DNA damage from all forms of UV
radiation [14, 54]. Immediate erythema, which preferentially occurs in lighter skin
types, typically manifests 6–24 h post-exposure [14]. Darkly pigmented individuals
are relatively protected in regards to the intensity and duration of UVB erythema.
The time frame for subsequent fading and desquamation depends on baseline
pigmentation. It may last for 1–2 weeks in lighter skin types (Fitzpatrick I/II), while
in darker skinned individuals erythema often resolves within 72 h [14, 54].

UVB and Pigmentation

DT occurs 3–5 days after UVB exposure and is associated with newly synthesized
melanin [54]. UVB-induced pigmentation is always preceded by erythema in lighter
skin types, but this process is less common in darker skin [14]. The dose needed to
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cause DT is dependent on constitutive skin pigmentation, with darker skin types
possessing higher MMDs [55]. The absolute pigmentary increase is independent of
constitutive skin pigmentation but increases linearly with UVB dosage [56]. Thus,
once the MMD dose of UVB is achieved, further increases in pigmentation depend
only on UVB dosage, irrespective of pre-existing skin color.

The Impact of Visible Light on Erythema and Pigmentation

At very high doses, VL is capable of causing erythema [7]. In vivo studies have
shown that exposure to increasing amounts of visible light results in increasing
degrees of erythema associated with IPD in darker skin types [15]. Because VL
penetrates to the deep dermis, the VL-mediated erythema is thought to occur by a
similar mechanism to that of UVA [15]. It has been hypothesized that, in darker
skin types, VL causes heat, the generation of which lead to vasodilation with
subsequent erythema [57].

Recent studies have confirmed that VL, in the absence of UVR, can induce IPD,
PPD, and DT [58, 59]. The IPD and PPD secondary to VL reveal a similar pho-
tometric action spectrum to UVA, and are thought to arise from the oxidization and
redistribution pf pre-existing melanin [57, 60]. IPD and PPD are frequently only
present in darker skin [15, 59]. VL is also able to initiate melanogenesis via
mechanisms analogous to UVB [13]. After repeated exposure, VL is able to pro-
duce DT in all skin types [5]. Skin samples that have undergone DT showed
increased transcription of tyrosinase and a redistribution of melanin to the upper
strata of the epidermis [5]. It has been concluded that, in order for melanogenesis to
occur, the skin may require priming via multiple VL exposures [57]. Therefore,
depending on the circumstances of exposure, VL may generate pigmentation via
mechanisms analogous to either UVA or UVB.

Photodermatoses

The photodermatoses are a group of disorders which are either caused or exacerbated
by exposure to sunlight. A clue to their presence lies in their distribution, with
confinement of symptoms to photoexposed body sites. Photodermatoses are broadly
classified into four major categories: (1) idiopathic or immunologically mediated;
(2) drug-induced photodermatoses (Table 5.1); (3) photo aggravation of pre-existing
cutaneous conditions (Table 5.2); and (4) disorders of defective DNA repair dis-
orders. Phytophotodermatitis is an additional subset of photodermatosis that
deserves brief mention. This self-limited phototoxic inflammatory eruption is caused
by ultraviolet A activation of furocoumarins, present in particular foods such as
lemons, limes, parsley, and celery [61, 62]. The characteristic “streaky” linear rash
can present with erythema, vesicle formation, and blistering localized to affected
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sites within the first 24–48 h of exposure. Patients can subsequently develop
hyperpigmentation that may take months to resolve. Notably, the inflammatory stage
may go unnoticed and patients may present only after pigmentary changes develop.

The approach to the patient suspected of suffering from photodermatoses
includes a thorough history and physical exam, as well as phototesting. Additional
laboratory testing may be necessary based on the clinical findings, and may include
skin biopsies, screening for antinuclear antibodies, porphyrins, a comprehensive
metabolic panel, and a urine analysis. While the medical treatment of these con-
ditions may vary, meticulous photoprotective measures—including minimizing sun
exposure, the use of broad-spectrum sunscreens, and wearing protective clothing
are mandatory.

Table 5.1 Causes of drug-induced photosensitivity reactions

Phototoxic agents
∙ Amiodarone
∙ Antineoplastic agents: 5-FU, dacarbazine,
vinblastine

∙ Antimalarials: chloroquine, hydroxychloroquine,
quinidine, quinine

∙ Antimicrobials: ceftazidime, griseofulvin,
ketoconazole, quinolones, tetracyclines,
trimethoprim

∙ Atorvastatin
∙ Calcium channel blockers: Diltiazem
∙ Nonsteroidal anti-inflammatory drugs (NSAIDS)

– Oral: proprionic acid derivatives
∙ Chlorpromazine
∙ Porphyrins
∙ Psoralens
∙ Retinoids: isotretinoin, etretinate
∙ Sulfur-containing medications:
hydrochlorothiazide, furosemide,
sulfonamides, sulfonylureas

Photoallergic agents
∙ Amantadine
∙ Antimalarials: chloroquine,
hydroxychloroquine, quinidine, quinine

∙ Antimicrobials: chloramphenicol,
pyrimethamine, quinolones

∙ Benzodiazepines: chlordiazepoxide
∙ Dapsone
∙ Diphenhydramine
∙ Flu amide
∙ Griseofulvin
∙ Nonsteroidal anti-inflammatory drugs
(NSAIDS)
– Oral:
Piroxicam
Celecoxib

– Topical:
Oxicams
Proprionic acid derivatives

∙ Phenothiazine
∙ Pilocarpine
∙ Pyridoxine
∙ Ranitidine
∙ Sulfur-containing medications:
hydrochlorothiazide, furosemide,
sulfonamides, sulfonylureas

∙ Tricyclic antidepressants

Table 5.2 Common
photoaggravated dermatoses

∙ Atopic dermatitis
∙ Chronic cutaneous lupus erythematosus
∙ Darier disease (synonyms: Darier-white disease, dyskeratosis
follicularis, keratosis follicularis)

∙ Dermatomyositis
∙ Pellagra
∙ Pemphigus erythematosus

5 Photosensitivity and Photoreactivity in Ethnic Skin 57



Sun Protection

The SPF measures how well a product protects against UVB radiation. The Food
and Drug Administration defines SPF as the ratio of MED with an applied product
to the MED unprotected [63]. For example, skin applied with a sunscreen of SPF 30
will sustain thirty times more sunlight before burning compared to unprotected skin.
Sunscreens with an SPF 30 prevent 97% of the sun’s rays from penetrating the skin.
There is no data to indicate significant additional benefit from applying sunscreen
with a SPF of greater than 50 [63]. SPF does not provide information on a products’
efficacy in protection from UVA or visible light [64].

Chemical sunscreens are composed of organic compounds that work by
absorbing UV radiation. Commonly used organic ingredients are include avoben-
zone, oxybenzone, ensulizole, octinoxate, and octisalate [64]. Depending on the
compound, the degree and spectrum of UVA and UVB protection varies [64].
These compounds are also vulnerable to photodegradation and may be prone to
generating free radicals [64]. They can subsequently cause photosensitizing or
photoirritating reactions in susceptible individuals [64]. Newer ingredients such as
ecamsule, bemotrizinol, and bisoctrizole have been added to formulations as they
protect against both UVB and UVA and function as photostabilizers when paired
with avobenzone [64].

Physical sunscreens are composed of inorganic compounds and protect skin by
absorbing, deflecting, and scattering solar radiation [64]. They are composed of
inorganic compounds such as iron oxide (FeO), titanium dioxide (TiO2), and zinc
oxide (ZnO) [64]. Their spectrum of action covers UVB, UVA, and visible light.
Iron oxide specifically has been shown to be more effective than the other inorganic
compounds in preventing the erythema and irritation caused by visible light [65].
Iron oxide inorganic compounds are generally safe for use and are favorable by
consumers due to their tinted formulations and, therefore, increased transparency
upon application [66].

The American Academy of Dermatology (AAD) recommends that all individ-
uals apply sunscreen prior to outdoor exposure regardless of age, gender, or race
[67]. The AAD recommends water-resistant sunscreens with an SPF of 30 or higher
[67]. Sunscreens should be applied 15 min prior to going outdoors, and reapplied
approximately every two hours, or after swimming or sweating [67]. Guidelines
also recommend usage of protective clothing such as long-sleeved shirts, pants, and
a wide brimmed hat.

Conclusion

Human skin experiences both immediate and delayed effects as a consequence of
exposure to UVR and visible light. These effects vary in magnitude and degree
across skin types. Although higher levels of melanin confers darker skin with some
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protection against UVB-induced erythema, studies show that darker skin may be
more susceptible to the cellular toxicity and subsequent photoaging caused by
UVA. Emerging data also shows that the toxic effects of visible light may be more
pronounced in darker skin types. Additional studies characterizing the effects of UV
and visible light on photodermatoses and photoaging are warranted in order to
optimize the treatment and management of all patients.
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Chapter 6
Stratum Corneum Lipids
and Water-Holding Capacity

Dimitrios Rigopoulos and Ekaterini Tiligada

The Epidermis

The skin is the largest organ of the body that covers its entire surface and provides a
protective mechanical, biochemical and immunological barrier against the outside
world. The epidermis (Greek epi, on top; derma, skin) is the outermost stratified
epithelial compartment that is separated from the dermis by a stabilizing and
dynamic interface provided by the basal membrane [1, 2].

The epidermis lacks blood vessels and is composed of four main layers of unique
architecture: the superficial stratum corneum (SC) or horny layer, the stratum
granulosum (SG), the stratum spinosum (SS) or squamous cell layer and the
innermost stratum basale (SB). In thick skin, a small number of parallel arrays of
dead keratinocytes containing keratohyalin form the stratum lucidum (SL) between
the SG and the SC. The SG, SS and SB form the 50–100 lm thick viable epi-
dermis, whereas the SC forms the 10–30 lm thick non-viable epidermis [1, 3–5].

The epidermis protects the organism by preventing excessive trans-epidermal
water loss (TEWL), the passive outward water diffusion process of the
water-saturated viable epidermis and by stopping environmental insults to harm the
body [6, 7]. It is characterized by the dynamic continuous self-renewal attributed to
the keratinocytes that undergo programmed differentiation during their migration
from the SB toward the SC [8, 9]. The communication of keratinocytes through
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different signaling pathways with the melanin-producing melanocytes [10], Merkel
cells [11] and the Langerhans cells (dendritic cells), the first line immune defense
players [12], contributes to the complex skin homeostatic network (Fig. 6.1). In the
SC, the keratinocytes shed approximately every two weeks as corneocytes proceed
through the desquamation process [9]. In the healthy epidermis, the balance
between cell proliferation in the lower layers and desquamation in the SC results in
a complete renewal approximately every four weeks [8].

Keratinocytes and Corneocytes

The keratinocyte is the predominant epidermal cell type that is formed in the SB
and proliferates through to the SG. During their maturation toward the final
transformation into the non-viable corneocytes, keratinocytes express a range of
lipids and proteins, including keratins. Keratins are epithelial proteins that form
heterodimeric intermediate filaments anchoring skin cells to the extracellular matrix
through desmosomes involved in cell–cell adhesion [13–15]. Keratin intermediate
filaments provide structural support and integrity to the epithelium and regulate
cellular growth, proliferation, migration and apoptosis via interactions with diverse
cellular proteins [14]. Furthermore, keratinocytes at the lower epidermal layers
synthesize precursor lipids that are assembled in lamellar bodies (LBs) in the upper
layers and secreted into the extracellular space by exocytosis in the interface
between the SG and SC [1, 16].

In late differentiated stages, keratinocytes are transformed into the flattened
anucleated corneocytes. They become filled with water-retaining filaggrin-linked
keratin intermediate filaments and secrete lipids into the extracellular space
[17–19]. Corneocytes, also referred to as squames, are remnants of the differentiated
keratinocytes that are devoid of cytoplasmic organelles and provide the skin with
structural integrity and elasticity. They contribute to the barrier properties of the SC
together with the surrounding densely cross-linked protein layers of the cornified
cell envelope and the attached lipid monolayer that forms the cornified lipid
envelope [1, 20]. Thus, keratinocyte differentiation is an important process that
establishes and maintains the SC. At the terminal differentiation stage after
4–6 weeks, they are converted by cornification into the building blocks of the
epidermal barrier, the dead corneocytes [5, 9].

Architecture of the Stratum Corneum

The SC is composed of a multilayer of corneocytes and gives the skin its charac-
teristic look, feel and health. At the interface with the external environment, it
provides a water-resistant protective barrier to the inner structures by retaining
water and offering protection against dehydration and environmental damage from
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xenobiotics and pathogen invasion [5, 6, 20, 21]. Moreover, it is considered to be a
rate-limiting barrier for the intra-cutaneous penetration of various agents, including
drugs and cosmetics [5, 7]. SC thickness largely varies with the anatomical location,
with the palms and soles having the most layers of corneocytes. Generally, the SC
becomes thicker with increasing age resulting in barrier alterations and loss of its
protective capacity [22]. Interestingly, skin care products have been reported to
decrease SC thickness resulting in a younger skin appearance [23].

The interest in SC morphology, physiology and biochemistry dates back to the
late nineteenth and early twentieth centuries [24]. Yet, the recent technological
advances in visualization options and biochemical tools allowed a more detailed
dissection of its vital structural and functional homeostatic properties, with sig-
nificant implications in dermatology, pharmacology, toxicology, and cosmetology
[20, 25]. The SC is often referred to as a ‘brick and mortar’ structure based on a
two-phase model described in an effort to investigate some of the pharmacokinetic
properties of topically applied drugs on the skin [26]. It is composed of 15–20
layers of lipid-depleted corneocytes that are oriented almost in parallel to the skin
surface and embedded as ‘bricks’ in the extracellular matrix that mainly contains
the lipids secreted by the differentiated keratinocytes and compared to ‘mortar’
(Fig. 6.1). Despite this common simplistic description, the structural and functional
complexity of the SC is remarkably high considering its metabolic adaptation and
constant renewal [5, 20, 21]. About 5–10 highly ordered and densely packed
lipid-enriched lamellar membranous sheets that consist of some 13 species of
complex ceramides, cholesterol, and free fatty acids (FFAs) constitute the skin
permeability barrier and maintain its integrity. The SC also contains cor-
neodesmosomes interconnecting the corneocytes primarily via the proteins loricrin

JFig. 6.1 Schematic representation of the main epidermal layers. The epidermis is a keratinized
stratified squamous epithelium consisting primarily of keratin-producing keratinocytes bridged by
intercellular desmosomes and constantly differentiating and migrating from the deeper epidermal
layers toward the skin surface. The innermost stratum basale lies adjacent to the dermis and
consists of a single layer of proliferating keratinocytes. Multiple layers of nondividing
keratinocytes form the stratum spinosum. Keratinocytes communicate with melanin-producing
melanocytes, tactile (Merkel) cells and dendritic (Langerhans) cells that are pivotal to the dermal
immune response. The stratum granulosum consists of 3–5 layers of flat keratinocytes with
deteriorating organelles and accumulation of keratohylaline and lamellar granules containing
glycoproteins that are released to the extracellular space to reduce water loss. At the interface
between stratum granulosum and stratum corneum, the keratinocytes secrete the lipid contents of
the lamellar bodies to the intercellular space. They are terminally differentiated into the dead,
keratin-filled corneocytes that are surrounded by a cornified envelope composed of cross-linked
proteins and lipids. Corneocytes eventually shed when the interconnecting corneodesmosomes are
degraded by proteolytic extracellular enzymes resulting in desquamation. The stratum corneum is
compared to ‘bricks and mortar’ consisting of 20–30 layers of dead corneocytes (bricks) that are
embedded in lipid lamellar structures (mortar). The spatial corneocytes arrangement and the
hydrophobic lamellar lipids prevent the loss of water from the body to the drier external
environment. In parallel, the hygroscopic natural moisturizing factors selectively retain free water
and keep the outermost layers hydrated. In general, deeper stratum corneum layers are more
hydrated than the upper layers, while variations in hydration and ceramide levels seem to be
implicated in the racial differences in barrier function
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and involucrin, their degradation leading to exfoliation; intracellular and extracel-
lular natural moisturizing factor (NMF) formed by filaggrin proteolysis into small
hygroscopic molecules including amino acids; lipid-processing lipolytic enzymes;
proteolytic enzymes catalyzing the degradation of corneodesmosomes; and secreted
contents of LBs at the interface between the SC and the SG [6, 20, 27–29].

The Stratum Corneum as a Homeostatic
Biochemical Barrier

The biochemical skin barrier consists of water, lipids, acids, hydrolytic enzymes,
and antimicrobial peptides. Secretory LBs are crucial to the homeostasis and the
barrier function of the SC [30, 31]. LBs are produced in the keratinocytes of the SS
and contain lysosomal enzymes such as cathepsin D and vacuolar H+-ATPase.
Their secretion products at the interface between SG and SC include lipids, such as
glucosylceramides, sphingomyelin and cholesterol; lipid-processing enzymes,
including b-glucocerebrosidase, acid sphingomyelinase, and secretory phospholi-
pase A2; structural proteins like corneodesmosin implicated in corneocyte cohesion;
proteases, such as kallikreins and cathepsins; protease inhibitors involved in the
control of desquamation; and antimicrobial peptides such as defensins and cathe-
licidins [18].

The Lipid Milieu

Despite being composed of dead corneocytes, the SC is characterized by a high
lipid metabolic activity that largely defines the permeability and barrier properties
of the skin. Notably, the cornified lipid envelope contains x-hydroxy-ceramides
that covalently bind mainly to the cornified envelope protein involucrin to bridge
the hydrophilic corneocytes and the surrounding lipophilic multi-lamellar lipid
sheets [32]. On a dry-weight basis, the SC contains 5–15% lipids, 75–80% proteins,
and 5–10% other materials [33].

Although the exact spatial arrangement of the SC lipids is not completely elu-
cidated and described in various structural models [20, 34], the lipid matrix is
unanimously accepted to display a highly ordered intercellular organization that
directs the permeability and barrier integrity of the SC [20, 34]. The intercellular
lipids of the SC are organized in layers forming Short (SPP; repeat distance 6 nm)
and Long (LPP; repeat distance 13 nm) Periodicity lamellar Phases. Within the
lamellae, lipids are laterally packed in a very dense, ordered orthorhombic
arrangement, a less dense, ordered hexagonal, or a disordered liquid organization
[35]. The lamellae play a vital role in the selective permeability of the skin,
including the intradermal penetration of topically applied drugs [1, 31, 33].
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The composition of the SC lipid lamellae is unique as common membrane phos-
pholipids are virtually absent. The lamellar polar glycosphingolipids, sterols, and
phospholipids released in the interface between SG and SC serve as precursors of
the enzymatically derived nonpolar lipids in the SC that are assembled into lamellar
structures surrounding the corneocytes [20]. The constituents of the SC lipid
lamellae are mainly complex ceramides (40–50%), cholesterol (20–30%) and
mostly long-chain saturated FFAs (*10%), as well as cholesterol-3-sulfate and
cholesteryl esters [20, 30, 33]. In particular, ceramides are composed of a sphingoid
base linked through an amide bond to a fatty acid moiety with variable chain length
and exhibit a remarkable biodiversity [16, 35]. Linoleic acid and protein-esterified
ceramides are crucial for structuring and maintaining barrier integrity. A plethora of
metabolic enzymes and regulatory factors mediate the production and the organi-
zation of epidermal lipids, including ceramides that are essential for proper SC
function and barrier homeostasis [16].

Additional surface lipids include triglycerides (*16%), wax/sterol esters
(*26%), squalene (*12%), hexadecenoic acid and other FFAs (*33%) that are
secreted by sebaceous glands and elicit a number of actions and antimicrobial
effects [20, 34, 36]. Interestingly, the actual lipid composition of the SC exhibits
interindividual and racial variability and seasonal variations [37, 38], as well as
differences related to the anatomical location, skin depth, age, sex, dermal dys-
functions, and pathological conditions [3, 23, 36].

Water-Holding Capacity

The specialized biochemical modifications that promote the migration of ker-
atinocytes from the lower SB toward the outer SC lead to the cornification process
that marks their terminal differentiation to corneocytes and thereby the beginning of
the SC maturation and the formation of a highly efficient barrier against water loss
[7, 9, 17, 38]. The resulting structure provides the natural physical and
water-retaining barrier of the skin, being able to absorb three times its weight in
water.

The SC is a biochemically active structure in which continuous anabolic and
catabolic reactions support its maturation and facilitate its normal intrinsic hydra-
tion, the maintenance of tissue cohesion, integrity, and thickness and the loss of
corneocytes upon completion of the maturation process during desquamation [9, 21,
39]. Under normal conditions, the water content of the SC is vital for maintaining
tissue flexibility and for facilitating the biochemical activity that is critical for
optimal tissue functioning and maturation, whereas when the water content is less
than 10% the SC cracks [27]. For instance, free water is essential for effective
corneodesmolysis, the degradation of corneodesmosomes by serine proteases in the
intercellular space resulting in desquamation [21, 27, 39].
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The hydration of SC exhibits considerable differences depending on the body
location, with the scalp, eyelids, nasal tip, anterior neck, antecubital, and popliteal
fossae and the areola mammae being highly hydrated [7]. Moreover, water is not
uniformly distributed in the SC, deeper SC layers being progressively more
hydrated than the uppermost SC layers [7]. At least three components have been
implicated in the water-holding capacity of the SC. These are related to the spatial
arrangement of corneocytes, the organization of the intercellular lamellar lipids and
the presence of NMFs [17, 21, 27, 39].

Corneocyte Arrangement

Corneocyte packing, lectins, and desmosomes in the SC increase the path length of
traversing water molecules and enhance the structural cohesiveness of the tissue
[17]. Water seems to be unevenly distributed in the SC, its content being related to
the penetration and binding capacities of the different corneocyte layers [40, 41].
Differences in the hydration levels have been observed at water content of 57–87%
(w/w), corneocytes in central SC parts being more swollen that their superficial and
deeper counterparts, whereas extracellular water pools have been reported at
hydration levels >300% (w/w) [40, 41]. Studies in patients with dry skin revealed
that premature expression of the corneocyte cross-linking protein involucrin also
contributes to the reduced water-binding capacity of the skin [38].

Intercellular Lipids

The effectiveness of the SC barrier highly depends on the content of the different
intercellular lipids. During SC maturation, enzymatic lipid modifications decrease
their polarity. In addition to the composition that influences the passage of water
through the SC, lipid lateral packing also affects the barrier function. Altered ratios
of fatty acids esterified to ceramides have been reported to increase skin moisture
loss, without excluding the involvement of altered expression of various keratins,
exemplified by decreased keratins Kl and K10 and increased basal keratins K5 and
K14 [38]. Moreover, the dense orthorhombic laterally packed lipids of the solid
crystalline state reduce the rate of water flux through the tissue and contribute to the
more efficient barrier in the lower SC, compared to the gel state of the hexagonally
packed lipids that weaken the barrier in the outer SC [17, 39, 42].

The differences in lipid lateral arrangements are attributed to the role played by
the fatty acids. In contrast, cholesterol and ceramides seem to be decisive for the
lamellar conformations [39]. Further information on the role of ceramides in the SC
barrier function comes from more recent studies on lesional and non-lesional skin
from patients with atopic dermatitis. These reports associate TEWL increases with
decreasing ceramide chain length and skin barrier dysfunction with increased levels
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of short-chain ceramides [35, 43]. Notably, ceramide chain length rather than the
ratio of lipid subclasses appears to play a critical role in TEWL, skin permeability,
and barrier function [35, 42].

Additional evidence on the role of ceramides in the water-retaining capacity of
the SC is provided by observations on the racial differences in dermal properties
that influence the ability of the skin to retain water. Lower skin hydration and
higher TEWL has been reported in African American compared to Caucasian skin,
whereas Asian skin demonstrated higher levels of hydration, yet the poorest barrier
function upon mechanical challenge [38, 44]. Similarly, ceramide levels in the SC
have been found to be highest in Asian skin, followed by Caucasian and Black skin
[38].

Natural Moisturizing Factor

The hygroscopic NMF components act as humectants that play a central role in the
selective free water retention of the SC by binding water molecules and preventing
dehydration of the outermost layers [17]. NMF consists of small water-soluble
molecules, including mostly amino acids or their derivatives, such as pyrrolidone
carboxylic and urocanic acid, as well as sweat-derived lactic acid, urea, citrate, and
sugars that create an effective moisture barrier [17]. NMF is a degradation product
of filaggrin and it is present in high concentrations within healthy corneocytes [17,
27]. Interestingly, NMF levels decrease with age as well as by bathing or ultraviolet
light [27].

Factors Influencing the Stratum Corneum
Water-Holding Capacity

The extent of environmental humidity influences the hydration of the SC and
promotes an adaptive response in the barrier function, in part by modifying the
relative levels of epidermal ceramide species [17]. Moreover, low humidity may
change the moisture content of the SC and induce or exacerbate various seasonal
cutaneous pathologies characterized by accumulation of corneocytes on the skin
surface as a result of impaired corneodesmosomal degradation, altered ceramide
biochemistry and structure, and reduced NMF levels [17, 27, 45]. Other exogenous
factors that are linked to the ability of the skin to maintain moisture include dry
climates, cold, excessive showering or bathing, and exposure to alkali and deter-
gents [46]. In addition to exogenous factors, ambient, lifestyle, and endogenous
components that have been associated with loss of skin moisture include malnu-
trition, renal insufficiency, aging, racial differences, and hereditary disorders, such
as ichthyosis vulgaris and atopy [37, 38].
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Conclusion

The vital role of the epidermis in maintaining skin integrity and flexibility largely
relies on the structural and biochemical properties of the SC, the outer epidermal
layer that guards the interface between the organism and the external environment.
The water-holding capacity of the SC contributes to the natural physical barrier of
the skin. The spatial arrangement of corneocytes, the organization of the intercel-
lular lamellar lipids, and the presence of natural moisturizing factors are decisive
parameters for the ability of the skin to retain water. Among the pivotal elements
that have been associated with SC hydration and the barrier homeostasis, are the
relative levels of epidermal ceramide species, which exhibit racial variability and
can be modified by both exogenous factors and endogenous components.
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Chapter 7
Physiologic Pigmentation

Catherine M. Higham and Neelam A. Vashi

Skin color is determined by melanocyte activity. Physiologic pigmentation refers to
nonpathologic variations in intensity of pigmentation that, by definition, fall within
the spectrum of what is considered normal pigmentation. For example, across all
skin types, but more apparent in skin of color, skin over dorsal surfaces is typically
more pigmented than skin over ventral surfaces [1]. There are a number of specific
categories that fall under the general umbrella of physiologic pigmentation, which
are elaborated in the following sections. In general, physiologic pigmentation is
more prevalent in skin of color. It typically develops during the first two decades of
life but may not be noticed until later. The unifying histologic feature found in all of
these entities is an increase in melanin deposition in the affected skin. This is due to
increased melanocytic activity rather than an increased number of melanocytes,
which is similar across all skin types, ethnicities, and races.

Pigmentation of the Newborn

Newborn skin tends to be relatively less pigmented than adult skin. It is thought that
pigmentation rapidly increases from birth to around 6 months of age, at which point
it has reached adult levels [2]. Additionally, it is not uncommon for newborns to
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have varied degrees of pigmentation by body site. Most noticeably, a number of
studies have demonstrated that the forehead is most commonly the most intensely
pigmented site in neonates [3, 4]

Pigmentary Demarcation Lines

Clinical Presentation

Pigmentary demarcation lines (PDLs) reflect variations in the degree of pigmen-
tation between adjacent segments of skin [5, 6]. They appear clinically as
well-demarcated patches of varying intensities of pigmentation and are typically
symmetric [5, 7, 8]. The entity was first described by Motzumoto [9] in 1913 and
has since been further characterized by a number of case reports and cross-sectional
studies. There are currently eight recognized types of PDLs, types A-H, based on
anatomic location [5].

Type A Lateral area of upper anterior arm, extending across to pectoral region
Type B Posterior medial leg
Type C Vertical hypopigmented patches in pre- and para-sternal skin
Type D Skin surrounding posterior medial spine
Type E Lateral chest, extending from mid-third of clavicle to periareolar area
Type F V-shaped hyperpigmented patch extending from malar prominence to

temple
Type G W-shaped hyperpigmented patch extending from malar prominence to

temple
Type H Hyperpigmented patches extending from angle of mouth to lateral chin

Epidemiology

PDLs are present in all skin types but are significantly more common in patients
with darker skin [6]. One study found that among black participants, 79% of
females and 75% of males had at least one PDL [6]. They are thought to most
commonly arise during early childhood [6], although there are also reports of cases
with the initial presentation occurring during adulthood [10]. It is not entirely clear
if there were underlying subtle changes that were present previously but only
became more noticeable after a specific trigger, such as pregnancy, puberty, or viral
infections [10]. There are numerous reports of PDLs appearing during pregnancy,
in particular type B [7, 8, 11].
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Etiology

PDLs represent variations in the activity of melanocytes in adjacent areas of skin.
The underlying developmental events that result in such differences remain unclear.
Some have postulated that PDLs follow the distribution of cutaneous nerves and are
related to variation in neural stimulation [8, 12, 13], while others hypothesize that
they follow the lines of Blaschko [14].

Pigmentary demarcation lines must be distinguished from other patterns of
pigmentary mosaicism that may warrant additional workup. There are a number of
patterns of pigmentary mosaicism—variation in pigmentation that typically follow
lines of Blaschko—that can be associated with systemic pathology, including
hypomelanosis of Ito, linear and whorled nevoid hypermelanosis, and systematized
epidermal nevus. Typically, the risk of systemic abnormalities is greatest in patients
with widespread cutaneous involvement. As such, patients with large areas of
cutaneous involvement should typically be worked up for systemic pathology [15].

Clinical Course/Treatment

Typically, PDLs are persistent but do not change significantly in size or intensity
[5]. The exception is PDLs that arise during pregnancy and often will resolve
spontaneously following pregnancy [7, 16]. Treatment is not medically necessary,
as PDLs are within the spectrum of normal pigment variation. If desired for cos-
metic reasons, the q-switched lasers have been shown to be an effective option [17].

Periorbital Hyperpigmentation

Definition/Clinical Presentation

Periorbital hyperpigmentation refers to darkening of the periorbital skin. It is known
by a variety of names, including periorbital melanosis, dark circles, infraorbital
darkening, or idiopathic cutaneous hyperchromia of the orbital region [18, 19]. It
has a varied appearance, ranging from light brown to dark black round or semi-
circular discoloration of the periorbital skin [18, 20]. It can extend as inferiorly as
the malar prominence and midway down the nasal sidewall [19]. As discussed
below, etiology for most cases of periorbital hyperpigmentation involves multiple
etiologic forces; however, a component of this is physiologic based on underlying
skin pigmentation.
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Etiology

Data remain inconclusive regarding the underlying etiology of periorbital hyper-
pigmentation. Moreover, periorbital hyperpigmentation can be the end result of a
number of different processes including dermal melanosis, excessive vascularity of
the area, venous stasis, periorbital edema, thinness of the periorbital skin, and skin
laxity and tear tough formation associated with aging [18, 20–23]. Additionally,
there are forms of periorbital hyperpigmentation that are associated with other
pigmentary disease processes, including post-inflammatory hyperpigmentation that
must be distinguished clinically. It also must be distinguished from various sys-
temic illnesses (including Addison’s disease, thyroid disease, hemochromatosis,
liver cirrhosis, Cushing’s syndrome, chronic kidney disease) that are associated
with periorbital darkening [24, 25].

There have been observational reports suggesting possible genetic associations
[26], although Verschoore et al. [19] did not find any familial associations in their
2012 study. Sun exposure is thought to worsen periorbital hyperpigmentation [19].
There has been thought to lesions being exacerbated during periods of stress,
illness, or fatigue, possibly due to increased vascular congestion and/or dermal
edema [19, 22–24], although data behind this hypothesis are lacking.

Dermal melanosis is thought to play a major role in the constitutional or
physiologic form of periorbital hyperpigmentation. A 2012 study by Verschoore
et al. [19] used spectrophotometric intracutaneous analysis (SIA) to noninvasively
assess the presence of melanin and hemoglobin in affected skin. They found the
concentrations of total melanin, dermal melanin, and hemoglobin to be greater in
affected skin compared to normal skin. Watanabe et al. [22] also found dermal
melanosis to be present on histologic examination of biopsies of the affected skin in
12 out of 12 patients with bilateral homogenous periorbital hyperpigmentation.
There is some thought that perhaps—at least in some cases—periorbital hyper-
pigmentation is a clinical variant of type F pigmentary demarcation lines [10].

Treatment

Treatment should be tailored to the underlying etiology. Hydroquinone, tretinoin,
chemical peels, topical vitamin C, laser and light therapy, autologous fat trans-
plantations, and fillers have all been shown to have some effect in the treatment of
periorbital hyperpigmentation, depending on the specific etiology. [18, 20, 27–30].
In terms of laser and light therapy, the carbon dioxide resurfacing laser [23],
Q-switched (QS) ruby laser [22, 31], QS alexandrite [32], QS Nd; YAG [33], and
intense pulsed light [24] have all demonstrated some degree of effectiveness.
Sunscreen and other means of photoprotection should be encouraged [21].

78 C.M. Higham and N.A. Vashi



Acquired Idiopathic Pattern Facial Pigmentation

Acquired idiopathic pattern facial pigmentation (AIPFP) is an entity recently
characterized by Sarma et al. [34] based on evidence from a survey of 187 patients.
AIPFP presents most commonly as symmetric, uniform grayish-colored hyper-
pigmentation over periorbital, zygomatic, malar upper nasal, perioral, and
mandibular regions. It appears to worsen over time, possibly due to chronic UV
exposure. Based on this study, it also seems to arise most commonly in adulthood,
although the study cannot prove this based on its retrospective design. These
authors do not distinguish periorbital hyperpigmentation as a separate entity but
rather a subtype of AIPFP. Moreover, they suggest that AIPFP perhaps is a more
overarching diagnosis that includes both periorbital hyperpigmentation and pig-
mentary demarcation lines of the face. They hypothesize that these variations in
pigmentation represent a form of pigmentary mosaicism that follow lines of
Blaschko.

Oral Mucosal Hyperpigmentation

Gingival and mucosal pigmentation tends to roughly correlate with that of skin.
Importantly, there can be significant color variation of normal, healthy mucosa [35].
Oral mucosal hyperpigmentation is common, particularly in darker skin patients
[35]. It can be diffuse (mucosal melanosis) or focal (oral melanotic macules) [36].
Melanotic macules can also be seen in the genital mucosa as well.

Mucosal Melanosis

Also commonly known as “black gums,” mucosal melanosis most commonly
affects the gingiva [35, 37]. This is followed by the buccal mucosa, lips, palate, and
tongue [35]. Gingival involvement most commonly presents as symmetric,
well-demarcated dark brown bands [35, 37]. Notably, it usually spares the marginal
gingiva, which can help distinguish it from hyperpigmentation related to Addison’s
disease. Mucosal melanosis involving the palate and buccal mucosa usually con-
sists of poorly demarcated and irregularly shaped patches [35].

It is important to note that there are a number of systemic conditions associated
with hyperpigmentation of the oral mucosa, and these should be ruled out clinically
before a diagnosis of physiologic mucosal melanosis is made. These diseases
include Addison’s disease, Peutz-Jeghers disease, hemochromatosis, and HIV
infection [35, 36]. There are also a number of other secondary causes of oral
mucosal hyperpigmentation including dental amalgam tattoo and other foreign
body reactions [35, 38], smoker’s melanosis [39], drug-induced hyperpigmentation
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[35], and post-inflammatory hyperpigmentation that should be considered in the
patient with darkening of oral mucosal surfaces [36].

Mucosal melanosis most commonly presents in infancy but will typically darken
further with age [35, 40]. It is more common in patients with darker skin types [41,
42]. One study reported a prevalence of 5% in Caucasians and 38% in darker
skinned patients [40]. Histopathologic examination shows an increase in melanin
without an increase in number of melanocytes [36].

Oral Melanotic Macules

Oral melanotic macules are also relatively common. They typically present as brown,
blue, or black homogenously pigmented macules, either as solitary lesions or mul-
tiple within a single patient [35, 38, 43]. The vermillion border is the most commonly
affected site, followed by the gingiva [38, 43, 44]. It is more common in women and,
unlike diffuse mucosal melanosis, is more likely to first present in adulthood [43, 44].
Like diffuse mucosal melanosis, lesions typically result from increased melanocyte
activity as opposed to increased melanocyte number, although the precise etiology of
this entity remains unclear [36, 45]. It has been suggested that lesions may be related
to post-inflammatory hyperpigmentation [35]. Importantly, oral melanotic macules
must be differentiated from oral melanomas. It has been recommended that any lesion
be biopsied if it is of new onset, changing, or associated with irregular features [36].
The palate is the most common site of oral melanoma, so any pigmented lesion in that
location should be treated with particular caution [36, 43, 46].

Treatment of Oral Hyperpigmentation

Although no treatment is necessary, cryotherapy and lasers have both shown some
degree of success in treating physiologic oral hyperpigmentation [47, 48]. A 2012
case report showed resolution of oral hyperpigmentation with liquid nitrogen
cryotherapy with no evidence of recurrence at 12 months of follow-up [48].

Melanotic Macules of the Genitals

Melanotic macules that are histologically identical to oral melanotic macules can
also be seen on the genital mucosa in both men and women. One small study found
that these lesions most commonly arise during adulthood. They range in color from
tan to dark brown to black. They appear to not change significantly in clinical
appearance over time [49]. Biopsy to rule out melanoma should be performed if a
lesion is changing, atypical, symptomatic or if the lesion has irregular color,
symmetry, or border [49].
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Palmar/Plantar Melanotic Macules

Melanotic macules of the volar surfaces are more common in darker skinned
individuals, although they can be seen in light-skinned patients as well [50]. They
most commonly present as light brown to medium-dark brown macules on the
palms and soles [50, 51]. Like mucosal melanotic macules, palmar/plantar
melanotic macules histologically have an increase in the amount of melanin
without an increase in the number of melanocytes [52]. Similarly, the etiology is
also still unclear. Post-inflammatory hyperpigmentation has been raised as a pos-
sibility [51]. The differential diagnosis of volar melanotic macules includes
lentigines, melanocytic nevi, melanoma, drug-induced lesions (most classically
5-fluorouracil), Peutz-Jeghers syndrome, tinea nigra, and post-inflammatory
hyperpigmentation [51, 53].

Physiologic Longitudinal Melanonychia

Longitudinal melanonychia is brown-black hyperpigmentation that extends longi-
tudinally from the proximal nail fold to the free edge of the nail plate [54].
Physiologic longitudinal melanonychia—sometimes also referred to as racial
melanonychia—is the most common type of longitudinal melanonychia seen in
Hispanic, African American, and Japanese patients [54]. Differential diagnosis for
longitudinal melanonychia is broad, however, and includes melanoma, non-
melanoma skin cancers (rare), benign melanocytic hyperplasia, benign nevus,
lentigo, hemorrhage, bacterial or fungal infection, systemic disease such as
Addison’s disease, and drug-induced hyperpigmentation [54–56].

The classic presentation of physiologic longitudinal melanonychia consists of
1–3 mm wide light-to-dark brown longitudinal bands. It commonly affects more
than one nail. It can sometimes also be associated with mucosal melanosis [54].
Under dermoscopy, the characteristic finding of physiologic longitudinal
melanonychia is a gray band consisting of homogenous gray lines [55, 56].
Histopathologically, there is an increase in melanin deposition with no increase in
number of melanocytes [54].

It is of critical importance to differentiate physiologic longitudinal melanonychia
from subungual melanoma, and, unfortunately, this is often quite challenging
[57–59]. There are no clear consensus-based guidelines to aid in the workup of
longitudinal melanonychia. Some authors recommend nail matrix biopsy if the
entire nail plate is affected, if there is significant color variegation, if the patient
reports any significant change in color or width of the band, or if the patient
presents with new-onset melanonychia even if there is more than one nail affected
[54]. Other authors biopsy any new longitudinal melanonychia in adults [58].
Longitudinal melanonychia affecting more than one nail is more likely to represent
a benign process; however, there are cases of subungual melanoma arising in
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patients with melanonychia of more than one nail [54]. Other features that make
melanoma more likely include brown background coloration with irregular longi-
tudinal lines under dermoscopy, single affected nail, any abrupt development of
pigment change, pigmentation of the proximal and/or lateral nailfold, associated
nail dystrophy, blurring or darkening of pigment near the nail matrix, and
melanonychia of the thumb, index finger, or great toe in particular [55, 56, 58, 60].
There is less consensus about width of the band, but in general, a band >3–5 mm is
more concerning [58].

Conclusion

Physiologic pigmentation lies within the spectrum of normal. Practicing clinicians
should be aware of normal variation patterns as patients may come to clinic with a
chief complaint related to one of the entities discussed in this chapter. Physiologic
alteration of pigment is more common in skin of color but is seen to some extent in
all skin types. As it falls within the realm of normal pigmentation, the above
variations do not require medical treatment. If desired for cosmetic reasons, a
variety of lasers and surgical techniques have been employed (tailored to the par-
ticular etiology) with varying success. As emphasized above, it is of paramount
importance to rule out other secondary causes of pigmentation variation before
settling on a diagnosis of physiologic pigmentation, as this affects management and
prognosis.
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Chapter 8
Mucosal Lesions in Skin of Color

Mayra B.C. Maymone and Allison R. Larson

Physiologic Variation in Mucosal Areas

The mucosal surfaces of the body are areas where keratinized epithelium, of
ectodermal origin, adjoin nonkeratinized epithelium, of endodermal origin [1]. Both
keratinized and nonkeratinized mucosal surfaces have unique features. The
epithelium is thick in these areas, and muscle present more superficially [2]. The
nonkeratinized stratified squamous epithelium is highly glycogenated [1, 2].
Specialized structures such as salivary glands, taste buds, terminal hairs, eccrine
glands, and sebaceous glands are seen, depending on the location [1, 2].

Similar to other cutaneous surfaces, melanocytes reside within the basal layer of
the epithelium. They are regularly spaced among basal keratinocytes. Mucosal
epithelia contain roughly the same numbers of melanocytes from person to person;
however, there is considerable color variation between people. Genetic determi-
nates affect melanin synthesis and melanosome characteristics [3]. Typically,
mucosal pigmentation is related to overall skin tone. The darker one’s skin, the
more color is manifest in the mucosal areas. Physiologic pigmentation is frequently
not one uniform color throughout the mucosa and is due to greater activity of
melanocytes rather than an increase in melanocyte number. Pigment differs based
on the degree of keratinization, melanocytic activity, vascularization, and the type
of submucosal tissue (muscle, bone) present in a particular site [4].

Within the oral cavity, the gingiva and buccal mucosa tend to have the darkest
pigmentation but physiologic pigmentation can also be seen on the lips, palate, and
tongue [4]. Physiologic pigmentation generally develops within the first two decades
of life. However, patients may not notice this difference until years later. Even within
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a given area, there are often patchy differences in color. Within the oral mucosa,
there has been found to be some increase in numbers of melanocytes with age [4].

Oral Pigmented Lesions

Oral Melanotic Macules and Lentigines

Oral melanotic macules are benign foci of hyperpigmentation. The most common
site of occurrence is on the lower lip (33%) (Fig. 8.1), followed by the gingiva,
buccal mucosa, and palate [5]. Labial melanotic macules occur in about 3% of the
population, most commonly in young women [6]. They are generally solitary
lesions. The color change is primarily a result of increased melanin production and
deposition, though an increase in the number of melanocytes and dermal melano-
phages can also contribute [6, 7]. Despite the lower lip predominance, they are not
related to sun exposure [6]. There is a 2:1 female predominance. They are most
common in women over 30 years of age with greatest incidence in the fifth decade
[7]. All skin types are susceptible to macules, however, black patients develop more
lesions on the buccal mucosa [6]. Intraoral lesions are typically larger than those on
the lips. On dermoscopy, there is diffuse structureless pigmentation, typically
evenly distributed [4]. On histology, these lesions lack both the rete ridge elon-
gation as well as melanocytic hyperplasia seen in lentigines [4, 7].

Lentigines present similarly as sharply demarcated brown macules, typically on
the vermillion border of the lips or perioral skin [4]. When multiple oral lentigines
are present, especially in a child, this brings up the possibility of a syndrome such

Fig. 8.1 Labial melanotic macules
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as Peutz–Jeghers, Laugier–Hunziker, Cronkhite–Canada, LEOPARD (lentigines,
electrocardiographic conduction defects, ocular hypertelorism, pulmonary stenosis,
abnormalities of the genitals, retarded growth resulting in short stature, sen-
sorineural deafness), LAMB (lentigines, atrial myxomas, mucocutaneous myxo-
mas, blue nevi), or others [6]. On histology, lentigines exhibit elongation of the rete
ridges and melanocytic hyperplasia [7]. Treatment of oral melanotic macules and
lentigines is not necessary.

Melanoacanthosis

Oral melanoacanthosis (OM), alternatively termed melanoacanthoma, is a rare
benign mucosal lesion, considered to be the oral equivalent of cutaneous
melanoacanthoma [8]. Most often reported in darker-skinned women between their
third and fourth decades, few reports exist of melanoacanthosis during the first two
decades of life [9].

Clinically, OM presents as an asymptomatic, pigmented and rapidly growing
lesion. It can spontaneously regress. Lesions are usually solitary, but multifocal
lesions have also been described [10]. The most frequently involved locations are
the buccal mucosa, lips, palate, and gingiva. Although the etiology has not been
fully elucidated, it is thought to be a reactive process related to masticatory and
frictional trauma [8]. The differential diagnosis is broad and includes a spectrum of
pigmented and vascular lesions [9]. A biopsy may be warranted to exclude
malignant melanoma [10]. On histology, OM exhibits numerous benign-appearing
dendritic melanocytes within areas of epithelial acanthosis. Mild spongiosis, mel-
anophages, and variable chronic inflammation within the lamina propria can be
seen [2]. No treatment is necessary.

Smoker’s Melanosis

Smoker’s melanosis (SM) is a benign diffuse melanocytic pigmentation occurring in
tobacco smokers. It is the most frequent oral lesion among smokers in Chennai, India
[11]. Another study from Turkey found that gingival hyperpigmentation was present
in 27.5% of smokers and only in 8.6% of nonsmokers [12]. Women appear to be
more frequently affected than men, raising the possibility of a hormonal factor [5].

The characteristic diffuse, asymmetric brown-black pigmentation is usually
noted on the anterior mandibular gingiva, but other sites such as the buccal mucosa,
lips, and hard palate can also be affected [13]. The observed increase in melanin is
thought to be due to the stimulating effect of tobacco on oral melanocytes.
Diagnosis is made based on clinical presentation and a history of smoking. The
diagnosis may be especially challenging in darker skin types, due to similarities
with physiologic hyperpigmentation [14]. Histologically, the features are the same
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as post-inflammatory hyperpigmentation, with increased basilar melanin, no or mild
melanocytic hyperplasia, pigment incontinence, melanophages, and variable
chronic inflammation within the lamina propria [2]. Treatment is not necessary.
Discontinuing smoking may improve the condition [15].

Amalgam Tattoo

Amalgam tattoo is an iatrogenic, nonmelanocytic lesion that results from traumatic
inlay of dental amalgam into the soft tissue. It usually presents as a single,
asymptomatic, gray-black to blue macule located near the amalgam-filled tooth
[16]. The most commonly affected sites are the gingiva, buccal and alveolar
mucosa, palate, and tongue [17]. The mandibular area is more frequently affected
than the maxilla.

Although this a benign condition, a biopsy may be needed to exclude malig-
nancy. Histology reveals brown granules scattered along collagen bundles as well
as around blood vessels and nerves. A scar may also be present, and larger particles
may incite formation of foreign-body granulomas [2, 16]. Surgical or laser treat-
ment can be performed for cosmetic reasons.

Melanocytic Nevi

Oral melanocytic nevi (OMN) are uncommon foci of oral pigmentation that may be
congenital or, more commonly, acquired. Most are noted in the third to fourth
decade of life. Compared to cutaneous nevi, the incidence of OMN is low. A study
from the Netherlands found that OMN occurred at a rate of 4.35 cases per 10
million people [18]. In a retrospective study conducted in Texas, OMN comprised
0.067% of biopsies sent to an oral pathology service [19]. There is a 1.6:1 female
predominance.

Usually single, small, well-defined brown-gray to blue-black macules or
papules. The most common site of involvement is the hard palate, followed by the
buccal mucosa, vermillion lip, and gingiva. Rarely, they are seen on the tongue or
floor of the mouth [18]. There are six histological subtypes of OMN: junctional,
compound, intramucosal, blue (common or cellular), combined, and dysplastic. The
most common subtype is intramucosal, in which lesions are often nonpigmented.
The second most common subtype is blue. OMN cannot be differentiated from
melanoma based on clinical presentation, therefore, biopsy is recommend in any
new or otherwise suspicious oral pigmented lesion [19]. Histology varies based on
the lesion’s subtype [2].
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Oral Mucosal Melanoma

Oral mucosal melanoma is a very rare, highly aggressive malignancy. It accounts for
0.2–8% [20] of all melanomas. A 2005 article on melanomas in the United States
(US) reported that mucosal melanomas (from any mucosal site) make up 1.4% of all
melanomas [21]. In Hispanics, oral mucosal melanomas amount to 14.4% of
reported melanomas, compared to 12.2% in Blacks, 11.3% in Asian/Pacific Islander,
and 8.2% in whites [22]. Higher rates of oral mucosal melanoma are observed in
Africa, India, and Japan [23]. Most studies suggest a male predominance of 2:1 [20,
23]; however, a recent study by Altieri et al. [22] reported oral cavity melanomas to
be more common among women of Hispanic and Asian ethnicity. Oral mucosal
melanoma (OMM) is usually diagnosed between the fourth and seventh decades. It
is exceedingly rare among younger individuals. The most common sites of
involvement are the palate and maxillary anterior gingiva (80%) [23].

To date, there are no known risk factors or precursor lesions related to the
development of oral mucosal melanoma. Various tumor suppressor genes and
oncogenes have been linked to OMM, with c-kit being the most frequently associated
[24]. The clinical appearance is variable. Lesions are usually asymptomatic, irregu-
larly shaped, black-blue to brown macules, papules, or nodules. Pain, ulceration,
bleeding, bone destruction, and paresthesia may be present in later stages. Up to one
third of oral mucosal melanomas can be amelanotic [25]. Based on clinical features,
OMM can be classified into five subtypes: pigmented nodular, nonpigmented
nodular, pigmented macular, pigmented mixed, and nonpigmented mixed type [20].

Histology of mucosal melanoma in situ reveals spindled or epithelioid mela-
nocytes arranged in a lentiginous array or exhibiting pagetoid spread within the
epithelium. Sheets or nests of cells that extend into the lamina propria or below are
classified as invasive disease [2, 25]. In amelanotic variants, immunohistochemical
staining for melanocytic markers is helping in making the diagnosis. Breslow depth
and Clark level do not apply to the oral mucosa.

Wide local excision with clear margins is the cornerstone of therapy. Depending
on the clinical stage, further treatment may involve lymph node dissection and
chemotherapy [20]. Careful oral examination is imperative as OMM has an
extremely poor prognosis. Early diagnosis is a key factor in maximizing survival.

Drug-Induced Hyperpigmentation

Numerous medications can cause symmetric ill-defined brown, blue, or gray
hyperpigmentation in the oral mucosa as a side effect. Common culprits include oral
contraceptives, minocycline (Fig. 8.2), antimalarials, clofazimine, nicotine, zido-
vudine, ketoconazole, and some chemotherapeutics [2, 4]. This occurs via local
accumulation following systemic absorption of particles that chelate with iron or
melanin or by direct stimulation of melanin production [2].

8 Mucosal Lesions in Skin of Color 91



Post-Inflammatory Hyperpigmentation

In the setting of chronic inflammation, melanocytes will often react with increased
melanin production and hyperpigmentation. The mucosa is no exception to this
phenomenon. Oral post-inflammatory hyperpigmentation may be diffuse or local-
ized depending on the inflammatory pattern. Potential triggers include dermatitis
such as lichen planus, or externally induced phenomena such as radiation therapy
[2]. Mild nonspecific inflammation can also cause hyperpigmentation. This
increased pigment fades over months [2].

Nonpigmented Oral Lesions

Leukoedema

Oral leukoedema is a benign thickening of the oral mucosal epithelium due to fluid
accumulation. It is the most common benign oral condition in patients with skin of
color. It presents as an asymptomatic, symmetrical white-gray mucosal alteration
located most often on the buccal mucosa, but it is also seen on floor of the mouth
and palatopharyngeal tissues [26].

The prevalence is higher among dark-skinned people, especially African
Americans and Hispanics. Reports in the United States estimate that this condition
affects 70–90% of African American adults and 50% of African American children
[27]. A study conducted in Mexico found leukoedema to be the most common oral

Fig. 8.2 Minocycline tongue hyperpigmentation
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lesion in this population [28]. Although a common condition, the etiology is
unknown. Given its high prevalence, some consider leukoedema a normal variation
rather than a pathologic condition. Stretching of the affected area leads to temporary
reversal of the white-gray appearance, facilitating the diagnosis. Leukoedema is not
associated with an increased risk of malignancy [26]. No treatment is necessary.

Submucous Fibrosis

Oral submucous fibrosis is a potentially malignant disorder associated with chewing
of betel quid, a mixture of betel leaves, areca nuts, slaked lime, and spices. This
chronic condition is characterized by mucosal paleness, a burning sensation, mouth
dryness, ulceration, and fibrosis of the oral mucosa. The abnormal accumulation of
collagen in subepithelial layers may extend to the underlying musculature forming
fibrous bands that lead to stiffness of the involved tissues [29]. Oral submucous
fibrosis evolves in stages. The first stage, stomatitis, is characterized by mouth
soreness, intolerance to spicy foods, and vesicles that later ulcerate. These heal with
fibrosis, the second stage. The third and final stage presents with pain during
palpation of the fibrous bands and trismus due to fibrosis of pterygomandibular
raphea. It may result in deafness caused by fibrosis of the Eustachian tubes and
dysphagia to solids if fibrous bands extend to oropharynx [30]. The buccal mucosa
has a pale leathery texture, and petechiae have been observed in 22% of patients
without any history of blood dyscrasias [29].

Submucous fibrosis affects predominantly people from India, Asia, South Africa,
and the United Kingdom, who chew betel. There is a slight male predominance, yet
it can affect both sexes. The reported rates of malignant transformation range from
2.3 to 7.6% [31]. The pathogenesis is not fully understood and thought to be
multifactorial. The exposure to areca nuts and their constituent alkaloids (mostly
arecoline and arecaidine), flavonoids, copper, and tannins seems to interfere with
deposition and degradation of extracellular matrix molecules in susceptible indi-
viduals [32]. Alkaloids stimulate fibroblast proliferation and collagen formation.
Flavonoids are implicated in reduced breakdown of collagen. Increased copper
observed in the mucosa of affected patients plays a potential role as a fibrosis
mediator [32]. Localized mucosal inflammation due to betel quid promotes secre-
tion of inflammatory cytokines and growth factors (transforming growth factor
beta) and inhibits enzymes responsible for collagen degradation. Patients need
frequent monitoring for malignant transformation and may require surgical inter-
vention to release fibrotic bands.
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Squamous Cell Carcinoma

Oral squamous cell carcinomas make up >90% of oral cavity malignancies in
virtually all populations. The presentation is varied. Such lesions can present as
either as a white patch (leukoplakia), red patch (erythroplakia), a mass (Fig. 8.3), or
nonhealing ulcer [2]. Risk of metastasis and recurrence increases with increasing
tumor thickness [2]. The incidence of oral squamous cell carcinoma varies not only
among countries and regions within countries but also between ethnic groups living
in the same region. This variation speaks to the truly multifactorial etiology of oral
squamous cell carcinoma (SCC). Factors that play a large role in its development
include tobacco, alcohol, areca nut chewing, human papilloma virus
(HPV) infection, prolonged immunosuppression, age, and personal or family his-
tory of cancer [2]. HPV-related SCCs and verrucous carcinomas, well-differentiated
variants of SCC, have a better prognosis.

In the United States, men tend to develop oral cancer more often than women,
with a ratio of about 2.2:1 [33], however, this is not true in all countries [34]. In the
United States, oral cancer is the 11th most common malignancy [2]. In some
locations, it is the most common cancer overall [10]. Regional variations within
ethnic groups are often explained by use of tobacco, alcohol, or other carcinogenic
exposures [34, 35]. In a recent US study, whites and in particular white men, had a
higher incidence of oral and oropharyngeal cancer than all other ethnic groups [33].
This has not always been the case. Between 1987 and 1991, African Americans

Fig. 8.3 Lip SCC in a Mediterranean man
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experienced a higher incidence of oropharyngeal cancer than their white counter-
parts [36]. A separate US study on tongue cancer in women, of which the vast
majority were SCC, found that while the incidence was similar among different
ethnic groups, African American women had lower survival rates at 1, 5, and 10
years though this trend was not significant (33% vs 54% 10-year survival) [37].
Similarly for men, the annual mortality rate among African Americans was found to
be 1.5 times that of whites [38]. Emphasis should be placed on early detection and
lifestyle modifications that will aid in preventing oral SCC. Any persistent oral
lesion should be biopsied, particularly given the relatively high rate of metastasis
from oral SCCs. A second primary lesion of the aerodigestive tract is found in up to
one quarter of patients with oral SCCs [39]. Aggressive surgical intervention is the
mainstay of treatment. This may include lymph node sampling and/or neck dis-
section [40]. External beam radiotherapy is also used when lymph nodes are
involved, and adjuvant chemotherapy may be needed in cases of recurrent or
metastatic disease [39].

Kaposi’s Sarcoma

Kaposi’s sarcoma (KS) presents with violaceous or red-brown vascular plaques,
caused by human herpesvirus-8 (HHV-8). There are multiple forms of KS,
including that associated with acquired immune deficiency syndrome (AIDS), the
African endemic form, the iatrogenic form resulting from immunosuppression, and
the classic type, which is most commonly seen in elderly men from Eastern Europe
and the Mediterranean [41]. AIDS-associated KS represents the majority of the
disease, and this form often involves the oral mucosa [41]. Oral KS typically
involves the hard and soft palate, gingiva, and dorsal tongue in either a solitary or
multifocal pattern. In AIDS-associated oral KS, 71% of patients have concurrent
cutaneous and visceral disease [42]. Among those with KS affected by AIDS,
women are more likely to have oral lesions [41].

The rate of HHV-8 seropositivity is especially high in regions of Africa, around
40–50% [41]. The prevalence of KS is higher in many African countries compared
to other regions given the combination of high HHV-8 seropositivity and high rates
of human immunodeficiency virus (HIV) infection. Since the advent of antiretro-
viral therapy, the incidence of KS has decreased significantly. However, KS has
been found to flare with initial immune reconstitution [42]. In transplant patients,
higher incidences of KS have been found among African Blacks, Mediterranean,
and Caribbean patients, likely related to frequencies of HHV-8 seropositivity in
these populations [42].

Histological examination reveals proliferations of spindle cells, extravasated
erythrocytes, hemosiderin, eosinophilic globules, and possibly mitotically active
cells [2]. Treatment is largely determined by the stage and extent of disease.
Thorough investigations of the dermatologic, otolaryngeal, ophthalmologic, lym-
phatic, gastrointestinal, and pulmonary systems should be undertaken [42]. HIV
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status should be checked. Local therapeutic measures for focal disease include
excision, sclerotherapy, intralesional injection with vinca alkaloids, photodynamic
therapy, radiotherapy, and cryotherapy [42]. Systemic therapies for more wide-
spread disease include antiretroviral therapy for those with HIV and systemic
chemotherapeutics [43].

Actinic Prurigo

Actinic prurigo is a chronic photosensitive disorder more frequently observed in
mestizos (a Latin American term typically referring to a person of combined
European and Native American descent) and native Latin Americans living in
altitudes over 1000 m above sea level. The usual age of onset is during childhood,
but it may appear later in early adult life [44]. It affects predominantly women at a
ratio of 2:1–4:1; however, in Asians, the less common adult-onset presentation
seems to have a male predilection.

Actinic prurigo presents as symmetric, intensely pruritic erythematous macules,
papules, and nodules that are often excoriated on sun-exposed areas of the skin,
lips, and conjunctiva. Lip involvement was observed in 82.7% of patients. The
vermilion borders are erythematous, swollen, and crusted, and fissures can be
covered by serohemorrhagic scales, referred to as actinic prurigo cheilitis. This is
the only manifestation of actinic prurigo in 27.6% of patients. The vermillion
border location can be distinguished from angular cheilitis, a disease of fissuring
and maceration at the corners of the mouth, often caused by Candida species, and
seen especially in denture-wearers or the immunocompromised. Often times,
anterior gingival hyperplasia can be observed, possibly due to secondary mouth
breathing from painful lesions on the lower lip [45]. Conjunctival involvement
appears to be a late manifestation that affects about 45% of patients. It presents with
hyperemia, photophobia, increased tearing, and pseudopterygium formation [46].

A genetic susceptibility characterized by a strong association with human
leukocyte antigen (HLA) subtype DRB1*0407 is present in 60–80% [44, 46] of
patients, and HLA DRB1*0401 is the second most common subtype found in up to
20% of those afflicted [47]. Although the exact pathogenesis remains elusive,
exposure to solar radiation, especially ultraviolet A, B, and visible light, appears to
result in a form of abnormal immune response.

On histology, actinic prurigo cheilitis is characterized by acanthosis, spongiosis,
and dense lymphocytic inflammation with intermixed eosinophils. Treatment
includes photoprotection, topical steroids, and/or thalidomide [45].
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Oral Ulcers

Recurrent Aphthous Stomatitis

Recurrent aphthous stomatitis (RAS) is the most common of oral mucosal diseases,
presenting as well defined, oval to round shallow ulcerations with erythematous
borders and yellow-gray fibromembranous bases [48]. Prevalence varies from 2 to
50% [49] of the general population and may be higher in woman, as well as
children whose parents have RAS [50]. Lesions are frequently observed in child-
hood and adolescence, and they tend to diminish in frequency and severity with
time. Although the pathogenesis is not well-known, proposed predisposing factors
include trauma, stress, various nutritional deficiencies (iron, zinc, vitamins B1, B2,
B6, and B12), allergies, infectious conditions, gluten sensitivity, and genetic sus-
ceptibility [48, 49]. Associated systemic conditions include Behçet’s disease, celiac
disease, HIV, inflammatory bowel disease, Heliobacter pylori infection, MAGIC
syndrome (mouth and genital ulcers with inflamed cartilage), PFAPA syndrome
(periodic fever, aphthosis, pharyngitis, and adenitis), and systemic lupus [49, 50].

Lesions are painful and typically involve nonkeratinized mucosa. RAS can be
classified based on clinical severity or morphology. Based on clinical severity, RAS
is divided into a milder type known as simple aphthosis and a more severe type
known as complex aphthosis. Based on morphology (size, number, and location of
lesions), RAS is classified as minor aphthous ulcers (MiAU), major aphthous ulcers
(MjAU), or herpetiform ulcers (HU). MiAU is the most common type with few,
quick healing, small ulcers localized on the anterior mucosa. MjAU are larger,
slower-healing, more painful ulcers that can occur on either the anterior or posterior
mucosa. HU is the least common type, presenting as grouped small ulcers on both
the anterior or posterior mucosa [49].

Although RAS heals spontaneously, symptomatic relief it is often required.
MjAU often heal with scarring. Treatment options include topical medications
(amlexanox, antibiotics, calcineurin inhibitors, corticosteroids in dental/oral paste,
sulcralfate, chlorhexidine gluconate mouthwash) or systemic therapy, which can be
specific to an underlying etiology (i.e., vitamin B12) or nonspecific (corticosteroids,
colchicine, tetracycline antibiotics, and thalidomide) [49].

Pemphigus Vulgaris

Pemphigus vulgaris, the most common pemphigus variant, is an autoimmune dis-
order characterized by flaccid and easily ruptured bullae on skin and mucous
membranes. It affects men and women equally [51] and is more commonly seen in
the fourth to sixth decades of life. Oral lesions are the first site of involvement in
50–70% of patients [52] and, in some cases, are the sole disease manifestation [53].
Pemphigus vulgaris presents as vesicles and bullae that quickly rupture resulting in
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painful erosions and ulcerations affecting the buccal mucosa, palate, tongue, and
labial mucosa [54]. Desquamative or erosive gingivitis and involvement of other
mucosal sites such as ocular, esophageal, and anogenital can occur, causing sig-
nificant morbidity [52].

Pemphigus vulgaris result from autoantibodies (IgG) directed against intracel-
lular cadherins, specifically desmogleins in desmosomes within stratified squamous
epithelia. Both anti-desmogleins 1 and 3 are found in the serum of patients with
mucocutaneous pemphigus vulgaris. Anti-desmoglein 3 alone is associated with the
mucosal-limited variant [51]. On histology, pemphigus vulgaris has suprabasilar
clefting and acantholysis with variable lymphocytic inflammation in the lamina
propria [2]. Direct immunofluorescence studies reveal intercellular IgG and
sometimes intercellular IgA within the epithelium [2].

The incidence of pemphigus vulgaris is higher among those of Mediterranean or
Jewish descent [54]. It is the most common autoimmune blistering disease (80%) in
India, China, Malaysia, and the Middle East [53]. There is a strong association with
HLA class II, specifically HLA-DR4 (DRB1*0402) in Ashkenazi Jews, DRw14
(DRB1*1041) and DQB1*0503 in Europeans and Asians [51].

Corticosteroids are the mainstay of therapy. Other anti-inflammatory and
steroid-sparing agents are used to minimize adverse effects including azathioprine,
methotrexate, dapsone, cyclophosphamide, mycophenolate mofetil, plasmaphere-
sis, intravenous immunoglobulin, rituximab, and tumor necrosis factor alpha
(TNF-a) antagonists [52, 54].

Behҫet’s Disease

Behҫet’s disease is a chronic inflammatory multisystem disease defined by the
International Study Group as a combination of recurrent oral aphthous ulcers plus
two of the following: recurrent genital aphthous ulcers, eye lesions (anterior uveitis,
posterior uveitis, vitreal cells, or retinal vasculitis), skin lesions (erythema nodo-
sum, pseudofolliculitis, papulopustular or acneiform lesions), or a positive pathergy
test. The oral ulcers are painful, typically last for weeks, and heal with scarring.
Behҫet’s disease usually presents around the third or fourth decade of life [55]. It is
more common in males and believed to be precipitated by an unknown trigger in
genetically susceptible individuals [56]. HLA-B51 is strongly associated with this
disease; presence of this variant confers an almost sixfold increased odds of
developing Behҫet’s disease [55].

Sometimes referred to as the ‘Silk Route’ disease, it most frequently affects
people in the Mediterranean and Middle East, especially Turkey, and also Japan.
While some have reported phenotypic variation in different populations, a 2007
study found only slight differences in the disease manifestations in different ethnic
groups either within or between countries [57].
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Oral ulcers, one of the defining features of the disease, are also one of the most
frequently occurring disease features. The most common locations for these are the
mucosal surfaces of the lips, buccal mucosa, tongue, and soft palate. The lesions
start as red papules or vesicles and quickly become oval to round ulcers with an
erythematous rim, rolled borders, and a gray or yellow base. They are indistin-
guishable from non-Behҫet’s-associated aphthae. They can be induced by trauma
and take weeks to resolve [55].

Behҫet’s disease is classified as a form of vasculitis. It can affect any size or type
of vessel. Vasculitis is seen commonly on biopsies of mucocutaneous lesions in this
condition [55].

Treatment options include topical agents such as antimicrobials, corticosteroids,
and pimecrolimus. Systemic therapies are also frequently employed including
colchicine with or without penicillin, corticosteroids, azathioprine, thalidomide, and
TNF-a antagonists [55].

Conclusion

Examination of the oral mucosa is an important part of a complete skin exam. As
the population of the United States continues to become more ethnically and
racially diverse, it is imperative to recognize both normal and pathologic features of
oral mucosal conditions. Pigmented, nonpigmented, inflammatory, and ulcerative
conditions may present with unique characteristics and at different frequencies in
those with richly pigmented skin. It is essential to understand how presentations,
triggers, prognoses, and treatment options vary in this patient population.
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Chapter 9
Acne and Rosacea

Christina N. Lawson and Valerie D. Callender

Acne Vulgaris

Acne vulgaris is one of the most commonly encountered dermatologic conditions in
the United States across all racial groups. A recent analysis of nationally repre-
sentative data from dermatology practice surveys found that acne was the leading
dermatologic disorder among African Americans, Asian or Pacific Islanders, and
Hispanic or Latino populations [1]. Notably, in this same analysis, dyschromia was
listed as a leading condition among African Americans and Hispanic populations
[1]. Although acne is found predominantly during adolescence, it is a common
problem among adults, especially females with skin of color [2]. One photographic
study consisting of 2895 females of all racial groups found that clinical acne was
more prevalent in African-American and Hispanic women (37 and 32% respec-
tively) than in Continental Indian, Caucasian, and Asian women (23, 24, and 30%
respectively) [3]. Hyperpigmentation was more prevalent in African-American and
Hispanic women (65 and 48% respectively) than in Asian, Continental Indian, and
Caucasian women (18, 10, and 25% respectively) [3]. These findings are in con-
gruence with previous surveys, which reported that dyschromia or pigmentary
disorders (other than vitiligo) were the second [4] and third [5] most commonly
diagnosed conditions seen in dermatology practices composed of predominantly
African-American patients.
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The pathogenesis of acne in skin of color is thought to involve the four same
mechanisms as in Caucasian skin: follicular hyperkeratinization leading to plugging
of the follicle, excess sebum production from increased androgenic stimulation,
Propionibacterium acnes (P. acnes) overgrowth, and inflammation [6]. One study of
60 women reported a trend toward a greater overall density of P. acnes in 30
African-American women as compared with 30 Caucasian women [7]. A few studies
have found differences with respect to sebaceous gland size and activity between
African-American and Caucasian subjects [8, 9]. However, because these studies
included small patient populations, generalized conclusions cannot be made [6].

New research indicates that inflammation plays a crucial role in the pathogenesis
of acne and has been shown in studies to occur prior to and concurrently with
follicular hyperkeratinization and microcomedone formation [10]. This novel
finding is in agreement with Halder et al. [11] who reported significant histological
differences between acne in African Americans compared to Caucasian skin.
Notably, the authors reported that biopsy specimens of facial comedonal, papular,
and pustular lesions from 30 African-American females demonstrated marked
inflammation in all acne lesions, including comedones that lacked inflammation
based on clinical appearance. The study suggested that this baseline-enhanced
inflammation on histology might explain the tendency for darker -skinned indi-
viduals to develop post-inflammatory hyperpigmentation (PIH).

Acne in skin of color affects heavily populated sebaceous areas of the skin
similar to Caucasians, such as the face, upper chest, and back. Papules, pustules,
comedones, and hyperpigmented macules are the most common lesions seen in
patients with skin of color [12]. Although nodulocystic acne is less commonly seen
in the African-American population, one study revealed that cystic lesions occurred
in 25.5% of Hispanics, 18% of African Americans, and 10.5% of Asians [6]. Adult
female acne in skin of color characteristically presents with acneiform lesions or
hyperpigmented macules or papules distributed along the lower one-third of the
face, particularly the jawline and chin, which is considered to be a hormonal
distribution (Fig. 9.1) [2].

PIH is a frequent, prominent feature of acne in darker skinned individuals and
commonly may be of greater distress to the patient than the actual acneiform lesions
themselves [12, 13]. In the co-author’s 20-year private practice experience in
treating patients from diverse ethnic backgrounds, PIH is often the presenting
reason for a visit to the dermatologist and many of these patients will have already
attempted the use of over-the-counter (OTC) 1–2% hydroquinone preparations or
topical corticosteroids with the intent to fade these blemishes [13]. Hypertrophic
scarring and keloid formation are additional unfortunate sequelae of acne in skin of
color.

A few studies have highlighted important racial differences regarding the clinical
characteristics, behaviors, expectations, and treatment patterns among patients with
skin of color compared to Caucasians with acne. A cross-sectional, Web-based
survey of 208 subjects with adult female acne reported that non-Caucasian women
experienced more PIH than Caucasian women (P < 0.0001) [14]. Furthermore,
lesion clearance was the most important aspect of acne clearing to Caucasian
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women (57.9% vs. non-Caucasian 31.7%, P < 0.001) whereas PIH clearing was
most important for many non-Caucasian females (41.6% vs. Caucasian 8.4%,
P < 0.001) [14]. Another cross-sectional, Web-based observational survey of 313
subjects was conducted to support this initial pivotal study [15]. The authors found
that African Americans reported recent use of PIH treatments more often than did
other racial groups (African American 40.6%; Hispanic 25.5%; Asian/other 27.8%;
Caucasian 23.4%; P = 0.07) [15]. Among those patients using PIH treatments, a
higher proportion of African-American (64.1%) and Hispanic subjects (78.6%)
reported using a skin-lightening agent in the past three months compared with
Asian/other (46.7%) and Caucasian (40%) subjects (P = 0.07) [15]. Therefore, this
data further emphasizes the observation that patients with skin of color are more
likely to present with pigmentary changes as a result of their acne, which warrants
early prevention and treatment.

Pomade acne is commonly seen in African Americans and clinically manifests as
comedones, papules, and/or pustules noted on the forehead, temples, and anterior
hairline. It occurs due to the frequent application of oil-based hair products, which

Fig. 9.1 Acne with Post-inflammatory Hyperpigmentation (Courtesy of Valerie Callender, MD;
Callender Dermatology & Cosmetic Center, Glenn Dale, MD)
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are comedogenic hair moisturizers commonly used to style and manage dry, fragile
hair and to aid in the treatment of inflammatory conditions such as seborrheic
dermatitis [13]. A survey by Taylor [6] reported that nearly half (46.2%) of acne
subjects with skin of color reported hair oil or pomade use; of these subjects, 70.3%
manifested with forehead acne. Treatment of pomade acne includes minimizing use
of pomades, educating patients to apply the product only to the scalp hair (1 inch
behind the hairline) and avoiding contact with facial skin [16]. For patients who
desire a light hair moisturizer, clinicians should recommend silicone-based styling
products instead of oil-based products [17]. Standard treatments for acne (e.g.,
topical antimicrobials or retinoids) may be used in persistent cases. Steroid acne is
also not uncommon in skin of color as some racial groups may frequently use
topical corticosteroid-containing fade creams in an attempt to treat underlying PIH.
In such cases, discontinuation of the corticosteroid will resolve the acne [16].

Treatment of acne in ethnic skin should focus on three major objectives: (1) early
and aggressive initiation of treatment for active inflammatory lesions, (2) preven-
tion and management of PIH, and (3) minimizing skin irritation. Because PIH and
scarring are more prevalent in skin of color, the clinician must plan a treatment
regimen that carefully balances diminishing the acneiform lesions with avoiding
potentially irritating, drying agents that could exacerbate preexisting PIH. In
patients with skin of color, more severe forms of acne (especially truncal) can lead
to the development of keloids and permanent scarring [18]. Treatment options for
acne in skin of color are similar to Caucasians and include topical comedolytic
agents, topical and oral antibiotics, topical and systemic retinoids, oral contracep-
tive agents, and procedural therapies. However, a major concern with the use of
topical agents in skin of color is the potential for irritant contact dermatitis
(ICD) [6, 13]. An appropriate individualized selection of topical acne medications is
essential for patients with skin of color as these agents may lead to worsening PIH
in those with dry, sensitive skin. Table 9.1 summarizes selected clinical trials
evaluating the safety and efficacy of various treatments for acne in skin of color.

Topical retinoids are generally considered a first-line treatment for mild to
moderate acne in skin of color [19]. Retinoids have several advantages in skin of
color patients with acne as they improve hyperkeratosis, decrease comedogenesis,
possess anti-inflammatory effects [20], and help alleviate PIH by causing melanin
granule dispersion and removal [21]. In an 8-week, double-blind, vehicle-controlled
study with tretinoin cream, Halder [22] demonstrated a decrease in papules and
pustules and in hyperpigmented macules in 83% of 12 African-American patients
treated with tretinoin 0.025% cream compared with 13% of 15 patients treated with
vehicle cream only (unpublished data). More recent clinical trials have demon-
strated the efficacy and safety of all three topical retinoids (adapalene, tretinoin, and
tazarotene) for acne in skin of color patients (Table 9.1).

Topical retinoids in pigmented skin can produce irritation known as “retinoid
dermatitis,” however, there are many useful strategies available to lessen this
potential risk [23]. The first is selecting an appropriate retinoid based on the patient’s
skin type (dry/oily/combination). Adapalene gel appears to be well tolerated across
all skin types [6]. Second, initiating therapy with lower concentrations in a cream or
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lotion vehicle (rather than gel) in patients with dry/sensitive skin or a history of prior
irritation from topical acne medications may also help reduce irritation [13]. Third,
educating patients to use alternate-day dosing for the first two weeks of therapy with
a gradual transition to nightly application thereafter will further help reduce the
potential for irritation. Finally, the use of a moisturizer prior to the application of the
retinoid may help alleviate dryness, peeling, and erythema [24]. If the initial lower
concentration retinoid is well tolerated, it can be slowly titrated to a higher strength
after four to six weeks of treatment if necessary [13]. Patients should also be
instructed to discontinue any harsh soaps, astringents, toners or exfoliating cleansers
as these may potentiate cutaneous side effects of topical retinoids.

Topical antimicrobials are often used in combination for the treatment of mild to
moderate acne. Benzoyl peroxide (BPO) has bactericidal, keratolytic, and anti-
inflammatory properties. BPO may be utilized as monotherapy or in combination
with other topical antibiotics or retinoids and has been studied in skin of color
(Table 9.1). A lower concentration of BPO is recommended initially in treating skin
of color patients in order to minimize skin irritation and dryness. In one study
involving 153 patients, 2.5% BPO gel was found to be equivalent in efficacy to the 5
and 10% concentrations in reducing the number of papules and pustules, and to have
less cutaneous adverse effects (desquamation, erythema, and burning) than the 10%
preparation [25]. Topical clindamycin and erythromycin work by reducing P. acnes
counts in the pilosebaceous units and also possess anti-inflammatory properties.
These agents are less effective monotherapy; however, when combined with BPO,
the potential for antibiotic resistance is reduced [26].

Azelaic acid is a naturally occurring, saturated, dicarboxyclic acid, which serves
as an excellent non-retinoid alternative for patients with skin of color, mainly due to
its effect on treating pigmentary disorders. Due to its ability to reversibly inhibit
tyrosinase, azelaic acid may be a useful option in patients who exhibit PIH from
acne but may have had prior hypersensitivity to topical retinoids or other
skin-lightening agents [19]. Azelaic acid’s mechanism of action in treating acne
involves anti-inflammatory effects, stabilization of differentiation of keratinocytes
in the follicular infundibulum, and antimicrobial effects on P. acnes and
Staphylococcus epidermidis [27]. It is often used concomitantly with other topical
antimicrobials or retinoids for increased efficacy [19]. Azelaic acid has been safely
studied in skin of color patients and demonstrates a low irritation potential.

Topical dapsone is an effective alternative for acne due to its anti-inflammatory
and antimicrobial properties [28]. One major concern with the use of oral dapsone
in skin of color patients is the risk for hemolytic anemia in those with
glucose-6-phosphate dehydrogenase (G6PD) deficiency, a common condition
found among patients of African, South Asian, Middle Eastern, and Mediterranean
descent [19]. However, the efficacy and safety of topical dapsone gel has been
demonstrated in patients with skin of color, indicating it is safe (Table 9.1).
Recently, a higher concentration of topical dapsone gel (7.5%) became
FDA-approved for the treatment of acne vulgaris [29]. Patients should be counseled
that the use of concomitant BPO with topical dapsone can cause a temporary yellow
to orange discoloration at sites of application.
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The most commonly used oral antibiotics for moderate to severe inflammatory
acne in skin of color are the tetracycline antibiotics (e.g., doxycycline and
minocycline). These agents reduce P. acnes counts and possess anti-inflammatory
properties, which are critical in preventing PIH from acne in skin of color [12].
A lower threshold for initiation of oral antibiotics may be considered in skin of
color patients to reduce inflammation at an earlier stage, thus decreasing the risk of
PIH and scarring [18]. Doxycycline and minocycline have been associated with
gastrointestinal side effects, photosensitivity, and photo-onycholysis [30]. Three
distinct types of cutaneous minocycline-induced pigmentation have been described
[31], with a frequency ranging between 2.4 and 14.8% in several longitudinal
studies [32]. In particular, minocycline has been associated with an increased rate of
a lupus-like syndrome compared to the other tetracyclines in young healthy acne
patients [33]. It remains unclear if any specific ethnic group is more likely to
develop this drug-induced condition [12]. Minocycline may also cause a drug
hypersensitivity syndrome (DHS), and this severe drug reaction has been studied in
ethnic populations [34].

Female patients with skin of color who develop adult-onset acne should be
evaluated for possible underlying endocrine disorders, especially in the setting of
hirsutism, irregular menses, and other signs of hyperandrogenism. Those patients
who are thought to exhibit primarily hormonal acne will likely benefit from hor-
monal therapies, such as oral contraceptives and androgen-receptor blockers (e.g.,
spironolactone), even in the setting of normal laboratory findings [35]. Using
hormonal therapies for acne in skin of color do not appear to require modifications
based on skin type, however, more studies are needed [13].

Isotretinoin (13-cis-retinoid acid) is an oral retinoid FDA-approved for the
treatment of severe inflammatory acne in patients who have failed conventional
acne therapies. It should be considered early in the course of nodulocystic or severe
forms of acne in skin of color to reduce the risk for permanent scarring [36]. The
efficacy and safety of isotretinoin has been studied in patients of various ethnic
groups [37–40]. Patient education and extensive counseling is crucial prior to ini-
tiation of isotretinoin as the drug is associated with several mucocutaneous and
serious systemic toxicities including teratogenicity, dyslipidemia, hepatotoxicity,
pancreatitis, pseudotumor cerebri, psychiatric disorders, and gastrointestinal
adverse effects [19].

The importance in addressing PIH secondary to acne cannot be emphasized
enough since PIH is often the driving force for acne patients with skin of color to
pursue a dermatologic evaluation [36]. The gold standard therapy for treating
hyperpigmentation from acne includes the use of hydroquinone, which is a phenolic
product that inhibits conversion of tyrosine to melanin and alters several normal
activities of the melanosome [13]. Hydroquinone is available OTC in strengths of
1–2%, whereas the prescription strength is usually between 3 and 4%. Given the
small risk of allergic contact dermatitis to hydroquinone, it is recommended to
initially limit the product only to a small test area for a few days, and if well
tolerated, then apply the product on the remaining hyperpigmented areas [17].
Hydroquinone should be applied carefully with a Q-tip as temporary
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hypopigmentation or depigmentation of the surrounding normal skin (“the halo
effect”) may result from improper use [13]. Caution should be used as prolonged
treatment with hydroquinone may lead to exogenous ochronosis, which may
develop even with lower concentration OTC strengths and is difficult to treat [41].
Topical retinoids and azelaic acid are excellent alternative therapies for skin of color
patients as they simultaneously treat the acneiform lesions and address PIH by
various mechanisms on melanocyte biology [42].

Acne scarring is a potential sequela in skin of color patients, and treatment
requires a careful, stepwise approach [18]. Treatments for acne scarring in skin of
color may include chemical peels, microdermabrasion, injectables, microneedling,
and lasers (Table 9.1). Patients with skin of color with acne and PIH typically
benefit from superficial chemical peels, such as glycolic acid or salicylic acid [17].
Bellafill® (Suneva Medical, Inc.), a polymethylmethacrylate (PMMA)-collagen
dermal filler, is FDA-approved for the treatment of atrophic facial acne scars and
has demonstrated safety and efficacy in skin of color patients [43]. Microneedling is
an evolving technique that may offer a more favorable safety profile compared to
conventional resurfacing procedures and has been shown to be effective in treating
acne and acne scarring in skin of color patients [44]. Any procedural therapy in skin
of color patients needs to be undertaken with caution and experience as aggressive
treatment may lead to worsening PIH and scarring.

In summary, the treatment of acne vulgaris is similar across various racial/ethnic
groups; however, the increased risk of PIH and scarring in ethnic patients mandates
a higher level of attention on addressing these particular sequelae. It is important to
design a treatment regimen that balances early aggressive treatment of the
inflammatory process with methods to reduce PIH, while still minimizing the risk of
medication-induced irritation for the skin of color patient.

Rosacea

Rosacea is a chronic inflammatory disorder that affects the vasculature and
pilosebaceous units of facial skin. While rosacea is less common in skin of color, it
is not rare [62]. The prevalence of rosacea in different racial groups is not well
described because the condition may be underestimated [63]. Some data suggest
that approximately 4% of rosacea patients are of African, Latino, or Asian descent
[12]. In a study analyzing data from the National Ambulatory Medical Care Survey
(NAMCS) in 2010, results showed that of all patients diagnosed with rosacea, 2.0%
were African American, 2.3% were Asian or Pacific Islander, and 3.9% were
Hispanic or Latino [63]. In a 5-year longitudinal cohort study of 2587 rosacea
patients enrolled in North Carolina Medicaid and prescribed at least 1 topical
prescription for rosacea, the authors found that 16.27% of the patients were African
American and 10.98% were of “other race” indicating that this disorder may be
more common in skin of color than once previously believed [64].
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Although the pathogenesis of rosacea remains to be fully elucidated, it is
hypothesized that recurrent vascular dilatation, inflammation, and microorganisms
play a role. It has been shown that increased expression of the cathelicidin
antimicrobial peptide gene (CAMP), kallikrein 5 (KLK5), and Toll-like receptor 2
(TLR2) have been identified in facial skin of rosacea patients [65]. It is hypothe-
sized that these biomarkers augment the innate immune response in rosacea and
contribute to the pathophysiology of the disease. Sun exposure may also play a role
in the disorder. A study of 168 Korean patients with Fitzpatrick skin types (FST) II
through V reported that the degree of sun exposure had significant correlation with
the development and severity of the erythematotelangiectatic subtype (P < 0.05),
however, no such correlation was observed for the papulopustular, ocular, and
phymatous subtypes [66]. Triggers of rosacea may include emotional stress,
environmental temperature extremes, hot and spicy foods, red wine or alcohol, and
topical irritants or allergens found in common cosmetic products [67].

The four major subtypes of rosacea are erythematotelangiectatic rosacea,
papulopustular rosacea, phymatous rosacea, and ocular rosacea. Although rhino-
phyma is more commonly identified in Caucasian men, there are case reports in the
literature describing this condition in ethnic groups [68, 69].

Data on the clinical manifestations of rosacea in patients with ethnic skin is
limited [70]. Lesions in ethnic populations typically develop in the same zones of
the face as in Caucasian skin (notably the glabella, nose, cheeks, and chin), how-
ever, because of the constitutive skin pigmentation in darker skinned patients, they
may not appear as erythematous and telangiectasias may not be as easily appreci-
ated [12, 62, 71]. One study found that patients of color less frequently received a
diagnosis of rosacea despite exhibiting the same reasons for visit that often
prompted a diagnosis of rosacea in Caucasian patients [63]. Patients with skin of
color may report sensitivity, burning or stinging to various skin care products and
episodic facial warmth (without visible flushing) in response to usual rosacea
triggers [62]. In addition, facial flushing, ocular symptoms, or acneiform eruptions
lacking comedones in patients of color should prompt the physician to consider
rosacea as a possible diagnosis [63].

Extrafacial sites, although rarely reported in the literature, can also be affected
and may serve as clues to the diagnosis in ethnic skin. In one study consisting of 50
female patients with rosacea from Saudi Arabia (FST IV through VI), extrafacial
lesions affecting the ears, neck, upper chest, and back were identified in 7 (14%)
patients [70]. The authors concluded that because extrafacial sites of rosacea are
more likely to be involved, performing a clinical examination of these sites is
essential [70]. Interestingly, the same authors also found that post-inflammatory
pigmentary changes were not reported during their clinical study in patients with
darker skin. This result is in accord with the clinical observation by Alexis [62],
who commented that PIH secondary to rosacea is rare compared to acne vulgaris in
skin of color. It has been hypothesized that this finding may be due to differences in
the inflammatory mediators implicated in the specific disorders [62]. Furthermore, it
is possible that the inflammation from rosacea in patients with skin of color may
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resolve with post-inflammatory erythema that can be difficult to differentiate from
the background erythema intrinsic to the disorder [70]. Future studies are needed to
investigate these hypotheses.

In the co-author’s private practice experience, treating many patients with skin
of color, central facial erythema associated with hypopigmentation surrounding the
borders of the erythematous regions can also point to the diagnosis of rosacea
(Fig. 9.2). It is important to consider the differential diagnosis of rosacea in skin of
color patients, which includes lupus erythematosus, sarcoidosis, seborrheic der-
matitis, and other photodermatoses. In such patients, obtaining an antinuclear
antibody (ANA) test should be considered.

The manifestations of ocular rosacea may include chalazion, blepharitis, mei-
bomianitis, conjunctival hyperemia, corneal vascularization, corneal thinning and
perforation, episcleritis, and iritis [71, 72]. In a case report of three African-American
men with varying degrees of severity of ocular rosacea, the diagnosis was not ini-
tially suspected because the pathognomonic skin changes of rosacea were obscured
by the skin hyperpigmentation [72]. Therefore, because the erythema may be slightly
more difficult to appreciate in darker skinned individuals, it is important for the
clinician to closely examine patients presenting with such eye complaints [12].

Granulomatous rosacea is considered a variant seen mostly in African
Americans and Afro Caribbeans [12]. Clinically, it presents with firm,
yellowish-brown papules and nodules in the malar, perioral, and periocular regions
of the face. Both clinically and histologically, granulomatous rosacea can resemble
sarcoidosis or cutaneous tuberculosis. In a case series of three African-American
males with rosacea, biopsies revealed that two of the three patients were found to
have the granulomatous form of the disease [71]. Future larger studies are needed to
determine why patients with skin of color may be more susceptible to this variant.

Fig. 9.2 Rosacea with post-inflammatory hypopigmentation (Courtesy of Valerie Callender, MD;
Callender Dermatology & Cosmetic Center, Glenn Dale, MD)
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FACE syndrome (facial Afro-Caribbean childhood eruption) is a subtype of
granulomatous rosacea reported in the literature exclusively seen in
African-American and Afro-Caribbean children [73]. Children with this condition
typically present with monomorphic flesh-colored or hypopigmented papules par-
ticularly around the mouth, eyelids, ears, and nose [74]. The condition occurs at an
earlier age than acne, and the etiology is poorly understood. The lesions persist for
several months before resolving spontaneously without scarring [73].

General facial skin care recommendations for rosacea patients should include the
use of a daily gentle cleanser or mild hypoallergenic syndet bar. Patients should
avoid certain irritants such as astringents, exfoliators, toners, and potentially
allergenic cosmetics. A daily sunscreen with both ultraviolet A (UV-A) and UV-B
properties with an SPF >30 is beneficial. The physical blockers, titanium dioxide,
and zinc oxide, are tolerated best by most rosacea patients [75]. The use of
green-tinted makeup may help provide coverage of the erythematous areas in
lighter skinned patients (FST III–V). Clinicians should emphasize to the patient that
the goal in treatment is control of the disease, rather than cure, as rosacea is a
chronic condition.

Food and Drug Administration (FDA)-approved topical agents for the treatment
of mild rosacea include metronidazole, azelaic acid, ivermectin, sodium
sulfacetamide/sulfur, and brimonidine. Alternative topical agents such as BPO,
clindamycin, erythromycin, retinoids, and calcineurin inhibitors are considered
off-label, but may be prescribed in select cases. For mild-moderate disease, oral
antibiotics in the tetracycline family of antibiotics remain the most effective and are
often combined with topical agents for maintenance. In severe and recalcitrant
cases, low-dose isotretinoin may be considered, but recurrence upon discontinua-
tion is commonplace.

While many published clinical trials exist comparing the various topical and oral
therapeutic agents for rosacea, these trials generally include smaller numbers of
patients with skin of color [62]. Therefore, there is a lack of data with respect to
comparing the efficacy of certain treatments based on different FST. To our
knowledge, no published clinical studies have been conducted exclusively in
rosacea patients with skin of color. While the following sections describe the
FDA-approved therapies for rosacea, it is important to note that these clinical trials
contain a very small number of subjects with ethnic skin (Table 9.2).

Topical metronidazole (available in 0.75% cream, lotion or gel; 1% cream or
gel) was the first topical agent approved for the treatment of rosacea. Nielsen first
reported the efficacy of 1% metronidazole cream over placebo for rosacea in the
early 1980s [76]. The mechanism of action of metronidazole in rosacea may include
inhibition of neutrophil-generated reactive oxygen species and immunomodulator
activity [64]. At least 10 randomized, placebo-controlled trials consisting of greater
than 500 actively treated subjects have demonstrated the efficacy and tolerability of
topical metronidazole in the treatment of rosacea [77]. Metronidazole may be used
in a variety of FST due to its excellent safety, efficacy, and tolerability profile [64].

Azelaic acid 15% gel was approved by the FDA in 2002 for the treatment of
mild to moderate papulopustular rosacea [78]. A newer formulation, 15% azelaic
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acid foam, was recently approved in 2015 for the treatment of mild to moderate
papulopustular rosacea. Azelaic acid is a naturally occurring dicarboxyclic acid
with several proposed mechanisms of action, including antimicrobial,
anti-inflammatory/antioxidant, and keratinolytic properties [79]. Azelaic acid 15%
gel has also been shown to directly inhibit KLK5 in cultured keratinocytes and gene
expression of KLK5, Toll-like receptor-2 and cathelicidin in mouse skin, mediators
that are upregulated in rosacea-affected skin [65]. Azelaic acid can provide a
twofold benefit in the treatment of rosacea and hyperpigmentation in skin of color
given its ability to inhibit tyrosinase.

There has been increasing interest in the use of agents that possess anti-parasitic
activity in the treatment of rosacea. Many studies have demonstrated commensal
Demodex mite overgrowth in some patients with rosacea, which is thought to
exacerbate inflammation in rosacea [80]. One study reported that Demodex fol-
liculorum was found in 20 of 25 rosacea patients but in only 2 of 20 control
subjects, suggesting the presence of this mite in rosaceous skin could contribute to
the pathophysiology of the disease [81]. Ivermectin is a semi-synthetic macrocyclic
lactone derivative of the avermectin family [80]. Ivermectin inhibits
lipopolysaccharide-induced production of certain inflammatory cytokines, such as
TNF-a and IL-1b, and increases the anti-inflammatory cytokine IL-10 [82]. The
drug’s anti-inflammatory and broad-spectrum anti-parasitic properties are thought
to account for its efficacy in treating rosacea [80]. A topical formulation of the drug
(available in 1% cream) was FDA-approved in 2014 as a once-daily application for
the treatment of papulopustular rosacea.

Brimonidine gel is a highly selective alpha-2 adrenergic receptor agonist with
vasoconstrictive properties, which are thought to play a role in reducing the facial
erythema in patients with rosacea. In 2013, once-daily brimonidine 0.33% gel was
approved by the FDA as the first agent available for the topical treatment of
persistent (nontransient) facial erythema linked to rosacea [83]. The efficacy and
safety of brimonidine tartrate in the treatment of moderate to severe facial erythema
has been demonstrated in multiple Phase II and III clinical trials [84].

There are case reports of an exaggerated or “rebound” erythema occurring after
brimonidine tartrate use. One case series describes three female patients (1 Latino
and 2 Caucasian) who experienced a reduction in erythema followed by severe
rebound erythema (worse from baseline) and burning in the areas of application
over the next 12 h and lasting roughly 12 h [85]. This self-limited reaction is
thought to be due to a rebound dilation of capillaries caused by down-regulation of
alpha-2 adrenergic receptors after use of the drug. Therefore, the clinician should
advise patients to apply a small amount of the drug, select a test area, and limit use
to special occasions. Educating patients about the potential for temporary wors-
ening of erythema is critical.

Topical calcineurin inhibitors (tacrolimus and pimecrolimus) may be useful in
certain situations, particularly steroid-induced rosacea. A preliminary report
demonstrated the efficacy of tacrolimus ointment for the treatment of steroid-induced
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rosacea [86]. However, the use of topical calcineurin inhibitors for rosacea has been
debated, as other case reports have described rosacea-like eruptions developing after
use of tacrolimus [87] or pimecrolimus [88] for facial dermatitis.

Among the oral pharmacologic agents, the tetracycline family of antibiotics has
remained the basis of systemic therapy for the treatment of moderate to severe
rosacea. Several clinical trials have demonstrated the efficacy of doxycycline in the
treatment of papulopustular rosacea (Table 9.2). A sub-antimicrobial dose of
doxycycline is beneficial in treating rosacea as it provides anti-inflammatory effects
without the potential threat of emergence of antibiotic-resistant bacteria. Other
antibiotics such as oral metronidazole, dapsone, erythromycin, and penicillin have
demonstrated variable success in selected rosacea patients [71].

In summary, topical and oral anti-inflammatory agents remain the standard of
care for papulopustular rosacea and are often used in combination for increased
efficacy. The oral antibiotic of choice is typically administered over several weeks
with a gradual taper, while long-term therapy with a topical agent such as
metronidazole or azelaic acid is used to maintain remission [77]. For moderate to
severe cases of ocular rosacea, the tetracycline group of antibiotics has been shown
to be as effective in the management of ocular rosacea in ethnic skin as previously
described in Caucasian patients [72]. In recalcitrant, severe cases of rosacea, oral
administration of isotretinoin (13-cis-retinoid acid) is beneficial and has been
studied in African-American patients [71]. Unfortunately, relapses may occur after
discontinuation of therapy. Treatment of rhinophyma is largely via surgical
approaches, including carbon dioxide laser, electrosurgery, or surgical excision.
Light-based therapy with the intense pulsed light and pulsed dye laser have shown
efficacy in decreasing the erythema and telangiectasias, however, due to the risk of
dyschromia and scarring in patients with darker skin types, there is limited data
regarding such procedures in skin of color patients with rosacea.

Conclusion

Acne remains the leading dermatologic condition among patients with skin of color
in this nation. Rosacea, an entity previously assumed to be rare among ethnic racial
groups, is often underrecognized but should be considered among the differential
diagnoses of facial erythema in skin of color patients. In general, the pathogenesis
and treatments for acne and rosacea are similar to Caucasian skin; however, special
attention should be aimed at minimizing potential outcomes that are increasingly
more frequent in skin of color, such as post-inflammatory pigmentary alterations
and scarring. PIH associated with acne is a critical concern among skin of color
patients; therefore, early recognition and treatment of PIH in a balanced, effective
manner is key to improving patient outcomes. It is the authors’ hope that this
comprehensive chapter provides the clinician with a detailed approach to the
diagnosis and treatment of acne and rosacea in skin of color.
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Chapter 10
Inflammatory Disorders

Porcia Bradford Love

Atopic Dermatitis

Atopic dermatitis, also known as eczema, is a common inflammatory skin disease
characterized by pruritic, erythematous scaly patches. Patients have a chronic,
relapsing course, and many have an “atopic tendency,” meaning they may develop
any combination of atopic dermatitis, asthma, and allergic rhinitis.

Epidemiology

Atopic dermatitis is the most common inflammatory skin condition and has an
estimated prevalence of 17% in the United States [1]. Atopic dermatitis is more
common in industrialized nations and urban areas. Immigrants from developing
countries living in developed countries have a higher incidence of atopic dermatitis
than the indigenous population [2]. Atopic dermatitis affects all ages; however, the
majority of cases occur before age 5. The disease may have periods of complete
remission, particularly in adolescence, and may then recur in early adult life. Atopic
dermatitis occurs in all races and ethnicities; however, it disproportionately affects
patients with skin of color [3]. There is an increased incidence in patients of African
and Asian descent [4, 5], and a 1993–2009 National Ambulatory Medical Care
Survey showed that atopic dermatitis was in the top ten diagnoses for African
Americans and Asians, but not Caucasians [6]. African-American children are more
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likely than Caucasian children to have severe atopic dermatitis [7], potentially due to
poor access to care or delayed diagnosis. However, there is a lack of research studies.

Pathophysiology

The pathophysiology of atopic dermatitis remains poorly defined. The predominant
theory is that there is alteration of the epithelial barrier, possibly leading to the entry
of antigens, as well as immune dysregulation resulting in the production of
inflammatory cytokines [8]. Mutations in the gene encoding filaggrin, a key
epidermal barrier protein, cause ichthyosis vulgaris and are the strongest known
genetic risk factors for the development of AD [9]. Filaggrin mutations are asso-
ciated with early-onset atopic dermatitis and with airway disease in the setting of
atopic dermatitis [10]. Although filaggrin is strongly linked to atopic dermatitis,
mutations are only found in 30% of European patients, begging the question of
whether other genetic variants may also be responsible for some of the findings in
the pathogenesis of atopic dermatitis [11]. Given the fact that filaggrin is critical for
epithelial integrity, it is now thought that loss of filaggrin function leads to increased
transepidermal penetration of environmental allergens, increasing inflammation and
sensitivity and potentially leading to the atopic march [12].

Clinical Presentation

Atopic dermatitis is characterized by pruritus, erythema, lichenification, and scale
(Fig. 10.1a, b). Erythema is often difficult to appreciate in dark skin. Instead,
edema, warmth of skin, and scaling in particular distributions are clues to the
diagnosis of atopic dermatitis in darker skin tones [13]. The SCORAD (SCORing
Atopic Dermatitis), a clinical tool used to assess the extent and severity of atopic
dermatitis, is often worse in African Americans [14].

Atopic dermatitis can present differently in different age groups. In infants,
pruritic, erythematous patches and plaques are common on the forehead, cheeks,
trunk, and extensor surfaces. There is often secondary edema, fissuring, and
crusting. Severe pruritus often disturbs sleeping patterns [1]. Children ages 2–13
often display lichenified plaques on the hands, antecubital and popliteal fossa, and
feet [1]. In adults, atopic dermatitis is often found on the face, neck, and upper
arms.

In skin of color, especially darker skin, a follicular subset of atopic dermatitis is
often found. It is characterized by monomorphic follicular papules coalescing into
plaques on the trunk and extensors (Fig. 10.1c) [7, 13]. Patients with atopic der-
matitis also have an increased risk of secondary infections, including staphyloccus
aureus, herpes simplex, molluscum contagiosum, and warts [1]. Palmar hyperlin-
earity, periorbital involvement, perifollicular accentuation, keratosis pilaris, and
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ichthyosis vulgaris [13] are also seen. One-third of atopic dermatitis patients also
have asthma or allergic rhinitis.

Histopathology

Atopic dermatitis is typically diagnosed clinically. Classic histopathologic findings
will show an acute, subacute, or chronic spongiotic dermatitis.

Treatment

The treatment of atopic dermatitis is the same among ethnic groups. Topical cor-
ticosteroids reduce inflammation and pruritus. It is important to give an adequate
amount to cover the affected area [15]. Fluticasone is a topical steroid that can be
used in infants as young as 3 months [16]. The side effects of topical steroids
should be discussed with patients and include striae, telangiectasias, skin
thinning, perioral dermatitis, acneiform eruptions, hypothalamic–pituitary–adrenal
(HPA) axis suppression, and hypopigmentation [15]. Topical calcineurin inhibitors
like tacrolimus and pimecrolimus are steroid sparing agents that inhibit transcrip-
tion of inflammatory cytokines.

Fig. 10.1 Atopic dermatitis. Erythematous, eczematous patches are noted on the antecubital fossa
(a) and feet (b). The follicular variant of atopic dermatitis is noted on the hands (c)
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Patients with extensive involvement or who are unresponsive to topical treatments
need systemic therapy. Options include systemic corticosteroids, methotrexate, aza-
thioprine, mycophenolatemofetil, and cyclosporine. Of note, AfricanAmericansmay
need higher doses of cyclosporine to maintain therapeutic concentrations, due to its
lower bioavailability compared to Caucasians [15]. African Americans are also at risk
for azathioprine toxicity due to thiopurine methyltransferase (TPMT) enzyme defi-
ciencies since azathioprine is partially metabolized by the TMPT enzyme [7].
Narrowband UVB phototherapy may also be used to treat atopic dermatitis.

Patients with atopic dermatitis have a compromised epidermal barrier, with
enhanced transepidermal water loss. Therefore, skin hydration and moisturizers are
important. Bleach baths are thought to decrease the risk of secondary infection [16].
African Americans have lower ceramide to cholesterol ratios, thus an increased risk
of xerosis; therefore, higher potency steroids in ointment formulation are often
needed [15]. Family education and a plan for flares and maintenance must be
stressed. The patient should also avoid irritants and food allergies. It is also
important to ask patients about complementary and alternative medicine treatment,
as many can irritate the skin [17].

Psoriasis

Psoriasis vulgaris is a chronic, multifactorial, hyperproliferative skin disease. Skin
disease may be associated with arthritis.

Epidemiology

Psoriasis appears to be most prevalent in northern European populations and is
thought to be observed less frequently in patients with skin of color; however, there
is a lack of consensus on the issue. In one study, patients with psoriasis constituted
approximately only 0.8% of dermatology cases in Northern Nigeria over five years
[18]. However, a population based study in the United States from 2005 showed
that although psoriasis is less common in African Americans than in Caucasians, it
is not rare and carries a substantial burden in both groups. The prevalence of
psoriasis was 2.5% in Caucasians and 1.3% in African Americans. African
Americans had an approximately 52% reduction in the prevalence of psoriasis
compared with Caucasians [19]. In a cross-sectional study using National Health
and Nutrition Examination Survey data from 2009 to 2010, the psoriasis prevalence
was highest in Caucasians at 3.6%, followed by African Americans (1.9%),
Hispanics (1.6%), and others (1.4%) [20]. The psoriasis prevalence is estimated to
be approximately 0.3% in Asians (18). Psoriasis, even severe psoriasis, may occur
in the pediatric age group, with a prevalence of 0.5–2% of children [21].
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Pathophysiology

The pathogenesis of psoriasis is not completely understood; however, it is thought that
genetic and immune-mediated factors lead to immune dysregulation and hyperpro-
liferation of epidermal keratinocytes with increased epidermal cell turnover.
Numerous agents have been found to trigger psoriasis, including an infectious episode
(staphylococcus, streptococcus, HIV), traumatic insult (i.e., surgery), alcohol, or
medications (beta blockers, steroid withdrawal, lithium, antimalarials) [22]. Once
triggered, there appears to be substantial leukocyte recruitment to the dermis and
epidermis resulting in the characteristic psoriatic plaques [23]. Extensive research in
recent decades has shown that the major inflammatory cells are T-cells which, once
activated, induce changes in keratinocytes, vascular endothelial cells, and other
inflammatory cells. Patients with psoriasis have a genetic predisposition for the dis-
ease, with the HLA-Cw6 antigen having the strongest association with psoriasis. The
presence of HLA-Cw6 correlates with early age at onset and a positive family history
[24]. HLA-Cw6 is found in approximately 50–80% of Caucasian psoriatic patients
[25]. However, in Asian studies, 17–18% of Chinese [26] and Taiwanese [27] pso-
riatic patients, respectively, were found to have the HLA Cw6 allele. Obesity is
another factor associated with psoriasis. The onset or worsening of psoriasis with
weight gain and/or improvement with weight loss is observed [28].

Clinical Manifestations

Psoriasis presents similarly across skin types. Psoriasis is characterized by ery-
thematous, well-demarcated plaques with silvery scale (Fig. 10.2a, b). Lesions are
most commonly found on the elbows, knees, scalp, umbilicus, and intergluteal
folds. The palms and soles may contain sterile pustules and thick scale. External
trauma (rubbing, scratching, surgery) may lead to the koebner phenomenon [23]. In
darker skin, the distribution is similar; however, plaques are violaceous with gray
scale, and erythema is sometimes difficult to identify (Fig. 10.2c). Nonpustular
psoriasis has two peak age ranges; early onset occurs in the second decade and late
onset peaks between the ages of 50 and 60 [29].

Guttate psoriasis is characterized by the rapid onset of red, salmon-colored
papules and plaques that may be covered with fine silvery scale. In darker skin,
violaceous and gray colors predominate. Guttate psoriasis most commonly occurs
in young patients and is often associated with viral or streptococcal pharyngitis.
Pustular psoriasis is characterized by groups of sterile pustules at the periphery of
stable plaques. Pustular psoriasis may occur as a primary manifestation of pal-
moplantar psoriasis and can be confused with dyshidrotic eczema. Generalized
psoriasis, a potentially fatal disorder, is characterized by large sheets of pustules on
a fiery red base. It is seen in patients with extensive psoriasis who have been treated
with systemic or intensive and prolonged topical corticosteroids. Patients often have
systemic symptoms (fever, chills, or peripheral leukocytosis). Erythrodermic
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psoriasis is characterized by generalized redness, scaling, and warmth of the skin.
Body temperature is often erratic, and patients are severely ill, secondary to sudden
withdrawal of long-term steroids [29].

Psoriasiform nail changes have no relationship to severity of disease. Nail
findings include nail pitting (most common finding), leukonychia, longitudinal
grooves and ridges, the oil drop sign, and subungual hyperkeratosis. Psoriatic
arthritis affects approximately 10–30% of those with skin disease. It produces
stiffness, pain, and progressive joint damage, usually in the hands and feet [29].

Recent studies show an association between psoriasis and an adverse car-
diometabolic profile. Outcome-based studies often suggest that patients with more
severe psoriasis have an increased risk of major cardiovascular events independent
of traditional risk factors [30].

Fig. 10.2 Psoriasis. Erythematous, well-demarcated plaques with silvery scale are noted on the
scalp (a) and arms (b). In darker skin, the distribution is similar; however, plaques are often brown
or violaceous, and erythema is sometimes difficult to appreciate (c)
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Histopathology

Psoriasis is typically diagnosed clinically; however, some cases may be difficult to
recognize. In difficult cases and to rule out alternative diagnoses, biopsy of the skin
can be undertaken. Classic histopathologic findings include parakeratosis, basal cell
hyperplasia, proliferation of subepidermal vasculature, and absence of normal cell
maturation. In addition, polymorphonuclear leukocytes and lymphocytes are seen to
infiltrate the dermis and epidermis.

Treatment

Treatment for psoriasis is similar across ethnicities. Mild to moderate psoriasis is
treated with topical corticosteroids, vitamin D derivatives, topical calcineurin
inhibitors, retinoids, anthralin, and tar-based formulations. For psoriasis that is
nonresponsive to topical treatments and for moderate to severe psoriasis, systemic
treatment is often needed. Options include systemic retinoids, methotrexate,
cyclosporine, and apremilast [31]. Many of the systemic therapies for psoriasis
manipulate the function of the immune system and expose the patient to the risk of
severe infections while blunting the body’s response. In these patients, findings
suggestive of minor infections must be taken seriously, and the risk versus the
benefit of continuing the drug in the face of the infection must be weighed [31].

Biologic immune modifying agents have revolutionized psoriasis therapy.
Several are now available and block TNF-alpha, IL 12/23, and IL 17, all inflam-
matory cytokines involved in psoriasis pathogenesis. The risks of these biologic
agents include infections, tuberculosis reactivation, and hematologic malignancies
[32]. Therefore, the benefit of using these medications must be weighed against the
side effects while selecting appropriate patients for treatment. Phototherapy may
also be used to treat moderate to severe plaque psoriasis. There is a risk of increased
pigmentation (tanning) and post-inflammatory hyperpigmentation in skin of color.
Various ultraviolet (UV) light treatments are used, with UVB being the most
common, although psoralen + UVB (PUVA) is still used. [33]. It is also important
to control cardiometabolic factors and to counsel patients that stress can exacerbate
the condition.

Lichen Planus

Lichen planus is an autoimmune inflammatory mucocutaneous condition that can
affect the scalp, oral mucosa, skin, and nails.
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Epidemiology

Lichen planus can be found in approximately 1% of adults. There is no overt racial
predisposition, and women develop the condition more than men. Two-thirds
develop the disease between 30 and 60 years old; however, lichen planus can occur
at any age [34, 35]. Oral lichen planus is found in 50–70% of cutaneous lichen
planus, and cutaneous lichen planus is found in 10–20% of oral lichen planus.
One-fourth has solely mucosal involvement [35]. More than two-thirds of lichen
planus patients are aged 30–60 years;

Pathogenesis

Lichen planus is a T-cell-mediated autoimmune process against basal keratinocytes.
Caspase 3 is often elevated in cutaneous and oral lesions, and it is suspected that
apoptosis of basal keratinocytes as mediated by cytotoxic T-cells is involved [36].
Five percent of hepatitis C patients have lichen planus. Medications that may cause
lichen planus include beta blockers, ACE inhibitors, NSAIDs, antimalarials,
quinidine, hydrochlorothiazide, gold, and penicillamine. Autoimmune liver disease,
myasthenia gravis, and ulcerative colitis may also be associated with lichen planus
[35]. There is a higher prevalence of serum autoantibodies in Chinese patients with
oral lichen planus [37], and a strong correlation between the presence of hepatitis C
and lichen planus in the Japanese. In one study, longstanding hepatitis C virus
infection, hypoalbuminemia, and smoking were significant risk factors for the
presence of oral lichen planus in patients [38]. In oral lichen planus, prolonged
exposure to amalgam fillings has been implicated. Many have regression of disease
with removal of the metal [39].

Clinical Features

Cutaneous lichen planus is characterized by small, polygonal, violaceous,
flat-topped papules that coalesce into plaques (Fig. 10.3). The surface is often shiny
with a network of fine lines, also known as Wickham’s striae. The koebner phe-
nomenon is commonly seen. Lesions often involve the flexor surfaces of the wrists
and forearms, the dorsal surfaces of the hands, and the anterior aspect of the lower
legs. In skin of color, the classic purple color may be black, gray, brown, or
violaceous. If exacerbation occurs, it usually takes 2–16 weeks for maximal spread
to occur. Lesions are intensely pruritic, often out of proportion to the amount of
disease [35]. There are numerous variants of lichen planus (Table 10.1).

Lichen planus actinicus, also known as actinic lichen planus, is a photo dis-
tributed variant of lichen planus more common in darker skinned individuals from
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Fig. 10.3 Lichen planus. Polygonal, violaceous, flat-topped papules that coalesce into plaques
with Wickham’s striae are noted on the thighs

Table 10.1 Variants of lichen planus (Adapted from [35])

Variants Characteristics Notes

Acute lichen
planus

Eruptive lesions that occur most
often on the trunk

Annular lichen
planus

Lesions with central inactivity or
involution

Occurs in about 10% of patients

Atrophic lichen
planus

Resolving lesions that are
classically found on the lower leg

Bullous lichen
planus

Lesions that exhibit blisters
within long-standing plaques

Hypertrophic
lichen planus

Lesions that present with thick
hyperkeratotic plaques

Risk of squamous cell carcinoma,
more common in blacks

Lichen nitidus Presents as tiny skin colored or
hypopigmented papules
involving the trunk or extremities

Most common in children

Lichen planopilaris Follicular variant that can result
in scarring alopecia of the scalp

Lichen planus
pemphigoides

Manifests as bullae in previously
uninvolved skin of patients with
LP

Circulating IgG autoantibodies
against BPAG2
(type XVII collagen)

Linear lichen
planus

Linear lesions that occur
spontaneously along the lines of
Blaschko

(continued)
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subtropical climates and individuals of Middle Eastern, African, and Asian descent
[35, 40]. Sun exposure is a triggering factor. The lateral aspect of the forehead is the
most common involved area. It has an earlier age of onset and a longer course. There
is a female predominance. Pruritus, scaling, nail involvement, and the koebner
phenomenon are often present [35, 41]. Lichen planus pigmentosus is another
variant that is more common in Latin Americans and darker skin. Asymptomatic
dark brown macules or patches in sun exposed areas and flexural folds are found
(Fig. 10.4).

Histopathology

A skin biopsy can be undertaken to assist in the diagnosis of lichen planus.
Distinguishing histopathologic features include irregular acanthosis, colloid bodies
in the epidermis with degeneration of the basal layer, and a band-like infiltrate of

Table 10.1 (continued)

Variants Characteristics Notes

Lichen
planus-lupus
erythematosus
overlap syndrome

Patients with characteristics of
both lichen planus and lupus
erythematosus

Nail lichen planus Nail thinning, ridging, fissuring,
pterygium formation

Oral lichen planus White, reticular lacy patches on
the buccal mucosa

More common in women; occurs
in *50–75% of patients; risk of
squamous cell carcinoma

Ulcerative lichen
planus

Consists of bullae and permanent
loss of toenails

Adapted from Bridges K. Lichen planus. In: Kelly AP TS, editor. Dermatology for Skin of Color.
New York: McGraw Hill; 2009. p. 152–7, with permission

Fig. 10.4 Lichen planus pigmentosus. Dark brown macules and patches found on the arms
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lymphocytes and histiocytes in the upper dermis obscuring the dermoepidermal
junction. Characteristically, there is an irregular epidermal hyperplasia, forming a
“saw-tooth” appearance with wedge-shaped hypergranulosis.

Treatment

Lichen planus is often self-limiting with most patients remitting in 1 year; however,
treatment is often indicated to prevent post-inflammatory hyperpigmentation.
Topical corticosteroids are first-line treatment. For lesions refractory to topical
treatment or lesions that are more hyperkeratotic, intralesional or systemic corti-
costeroids may be indicated. Additional therapy for lesions that are refractory to
topical treatment and are steroid sparing include acitretin, dapsone, methotrexate,
hydroxychloroquine, cyclosporine, thalidomide, low molecular weight heparin,
mycophenolate mofetil, and metronidazole. Narrow band UVB phototherapy may
also be used [42]. It is important to check for exacerbating factors (for example,
medications and infections). Treatment of oral lichen planus is often more difficult.
Treatments include topical, intralesional, or systemic steroids, topical
immunomodulators, retinoids, cyclosporine, griseofulvin, antimalarials, and
methotrexate [39]. Removal of a contact allergen is also often indicated.

Conclusion

Inflammatory skin conditions, including atopic dermatitis, psoriasis, and lichen
planus, are very common in patients with skin of color. However, these conditions
can have varied presentations in different skin tones, and erythema is often difficult to
appreciate. Edema, warmth of skin, and scaling in particular distributions are clues to
the diagnosis of atopic dermatitis in patients with skin of color. Additionally, a
follicular subset of atopic dermatitis is often found in patients with darker skin tones.
Psoriasis plaques are often violaceous with gray scale in patients with skin of color. In
lichen planus, the classic purple color may be black, gray, brown, or violaceous. If
untreated, inflammatory conditions in patients with skin of color can lead to
post-inflammatory hyperpigmentation, which can be very difficult to treat.
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Chapter 11
Tinea Versicolor and Tinea Capitis

Stavonnie Patterson and Lisa Akintilo

Infections with viruses, bacteria, parasites, fungi, and yeast are ubiquitous.
However, some infections are particularly notable in skin of color. Some infections
are predisposed in skin of color and other infections present uniquely or have
special considerations in this population. For example, tinea capitis (TC) occurs
much more commonly in skin of color. Tinea versicolor (TV) presents with
hypopigmented and hyperpigmented macules and patches in persons of color and
can result in much more prominent and long-lasting dyschromia. Tinea nigra is
important to note because the differential diagnosis of this entity includes acral nevi
and acral lentiginous melanoma. In this chapter, we will review infectious disorders
with unique clinical features and considerations in skin of color.

Tinea Capitis

Tinea capitis (TC) is a fungal infection of the scalp and hair that most commonly
affects children. It is caused by dermatophytes of two genera, Trichophyton and
Microsporum. The most common etiologic agent varies by region and has evolved
over time. In the United States, the most common cause of infection is
Trichophyton tonsurans. The clinical presentation has tremendous variation ranging
from diffuse scale on the scalp to inflammatory pustules and scarring alopecia. TC
is a common cause of alopecia in school-aged children and is highly contagious.
Thus, adequate treatment is paramount in preventing transmission. The infection is
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spread by person-to-person contact, animals, soil, and fomites. Asymptomatic
carrier states exist in which persons have no symptoms of TC but may infect others.
This likely contributes to the difficulty in eradicating TC from some communities.
Oral antifungals are the standard treatment for TC.

Epidemiology

Tinea capitis is most prevalent among prepubertal children. Among this group, ages
greater than 2 and less than 10 are most commonly affected [1]. This infection is
less common in adults but does occur. The increased sebum production at the onset
of puberty is thought to be protective as sebum has fungistatic properties. Among
adults, the immunocompromised and postmenopausal women are more susceptible.
With the onset of menopause, there is involution of sebaceous glands as a result of
decreased estrogen levels resulting in increased susceptibility. One series noted that
80% of the adults with TC in their cohort were immunosuppressed in some way [2].
This included a history of diabetes mellitus, connective tissue disease, human
immunodeficiency virus (HIV) infection, and long-term use of systemic steroids.

Among children with TC, a slightly higher incidence in boys has been found.
However, in adult populations, women are most likely to be affected, and this
finding has been attributed to the high rate of females as primary caregivers for
children [3].

Black and Hispanic populations have higher rates of TC when compared to other
ethnicities. In an urban population based study, the prevalence rates among white
students was 1.1%, Hispanic students was 1.6%, and black students was 13% with
rates as high as 18% in younger Black students [4]. This was similar to other
population studies showing prevalence rates of 13% [5, 6]. Interestingly, in this
large metropolitan population, the genetic diversity of the tonsurans species isolated
suggested that this pathogen is endemic among black children and special efforts to
prevent infection are needed [4]. A recent study in a low-income, rural, Ethiopian
population showed a prevalence rate of 24.6% [7]. This was similar to rates
reported in other low-income countries [8].

The reason for higher rates of TC in Blacks and Hispanics is unclear, but many
reasons have been proposed. This includes hair care practices such as less frequent
shampooing, which has some spore-removal benefits, and certain hair styles.
Traction styling may lead to increased fungal access to the impaired hair shaft.
However, recent case-control research has found no association between hair care
practices and the acquisition of TC. The number of shampoos per month, hairstyles
such as braids or ponytails, use of a comb, pick, brush, straightener, curler, oil,
grease, and sharing of hair utensils were considered [9]. Among an Indian popu-
lation, amla, cantharidine, and coconut oils used for routine hair care were found to
be protective [10].

144 S. Patterson and L. Akintilo



Pathogenesis

Tinea capitis is a dermatophytosis. This is a fungal infection caused by organisms
with the ability to invade the keratinized tissue of the skin, hair, and nails. The
pathogens feed on the keratin in the skin and hair. Dermatophytes are characterized
as anthropophilic—carried by humans, zoophilic—transmitted by animals, or
geophilic—carried in the soil.

Dermatophytes are further characterized by where they invade the hair. Ectothrix
infections invade both the shaft and the outer hair. Microsporum species generally
result in ectothrix infections. These infections can be identified by Wood’s Lamp;
they will fluoresce green. Endothrix infections are those where the pathogen solely
invades the hair shaft. Trichophyton species cause endothrix infections. Favus is a
severe, chronic hair infection that is most commonly caused by Trichophyton
schoenleinii. Figure 11.1 outlines species that cause each type of infection.

For years, Microsporum audouinii was the most common cause of TC in the
United States. T. tonsurans has now emerged as the most common cause. Across
Europe, the predominant agent is Microsporum canis; however, in the United
Kingdom, Tricholosporum violaceum accounts for over half of culture-proven TC.

Clinical Presentation

Clinical features of TC are variable. Lesions can be inflammatory or noninflam-
matory. Typically, there is a combination of scale and patchy alopecia that raises
clinical suspicion and leads to the diagnosis. Some clinical features are associated

Fig. 11.1 Tinea capitis—isolated patch of hypekeratosis without alopecia. Courtesy of Anthony
Mancini
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with particular species. Below are descriptions of common clinical presentations
[11].

1. Diffuse Scale—(1%) [12] Some patients present with a diffuse scale on the scalp
without evidence of alopecia. This may be difficult to distinguish from sebor-
rheic dermatitis clinically. However, seborrheic dermatitis is typically not seen
in young, preadolescent children [13] and thus, this presentation should prompt
evaluation for TC (Fig. 11.1).

2. Black Dot—(31%) [12] This refers to patches of fine scale with broken off hairs,
resembling black dots. These hairs are infected with Trichophyton, an endothrix
infection, resulting in breakage. The color of the dots will vary based on hair
color, but is most commonly referred to as “Black Dot” due to the increased
presence in children of color with dark hair.

3. Gray Patch—(35%) [12] This pattern consists of circular patches of alopecia
with fine scale and a gray appearance. The gray color is a result of arthrospores
coating the affected hairs and is most commonly seen with Microsporum
infections.

4. Diffuse Pustular—(3%) [12] This is an inflammatory variant of TC with diffuse
patchy alopecia and superimposed pustules (Fig. 11.2).

5. Kerion—(25%) [12] This is an extremely inflamed variant in which a boggy,
pustular nodule is present. These lesions can be tender and often are crusted.
This may result in permanent hair loss of the affected area.

6. Favus—(5%) [12] Favus is a chronic inflammatory dermatophyte infection
characterized by scutula. Scutula are yellow, cup-shaped crusts that surround
and pierce the hair. The most common cause is T. schoenleinii [14]. Other less
common causes of favus include T. violaceum, T. verrucosum, zoophilic
T. mentagrophytes, M. canis, and geophilic M. gypseum [15]. Favus most

Fig. 11.2 Tinea capitis—patchy alopecia with pustules. Courtesy of Anthony Mancini
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commonly represents a variant of TC but can also involve the skin and nails.
There are air spaces between the hyphae in infected hair, and this represents
autolysis of hyphae. This infection can persist for years and can be seen in long
hair. The hair fluoresces green.

Inflammatory variants can be associated with cervical and postauricular lym-
phadenopathy. In addition, some infections may be accompanied by an id reaction.
TC can result in scarring alopecia, thus recognition and appropriate management
are critical.

Workup/Diagnosis

Microscopy

Evaluation of the hair shaft with light microscopy can aid in the diagnosis. Plucked
hairs and scalp scrapings can be mounted in 10–30% potassium hydroxide. Hyphae
or arthroconidia may be visualized with the light of fluorescence microscopy.

Wood’s Lamp

With Microsporum and T. schoenleinii infections, there may be green fluorescence
with Wood’s lamp examination. Trichophyton species are generally non-fluorescing.

Culture

Culture is useful and recommended to allow for identification of the causative
organism and to direct therapy. Generally, samples are plated on Sabouraud agar
with cycloheximide to inhibit nondermatophyte mold growth and potentially
chloramphenicol, an antibacterial agent. Mycosel is a dermatophyte test medium
that contains all of the above and a phenol red pH indicator. Dermatophyte iden-
tification medium is similar but has a purple indicator.

There are several collection techniques. With the cotton swab technique, a
moistened cotton swab is used to swab scalp sites with erythema, scale, and/or
alopecia. The swab is then inoculated onto Mycosel medium [16]. A sterile cyto-
brush has also been utilized for sample collection and reported to result in increased
culture sensitivity [17]. With the cytobrush technique, the affected area is rubbed
with a commercial, sterile cytobrush, and placed into test tubes containing
Sabouraud dextrose agar or Mycosel. The cytobrush method produces similar
results to the cotton swab technique with the added advantage of commercial
availability and sterile state. Alternatively, a scalpel can be used to scrape scale
from the scalp and pluck affected hairs to plate in culture medium [16].

11 Tinea Versicolor and Tinea Capitis 147



Cultures are generally followed for at least 4 weeks. Dermatophytes grown on
dermatophyte test medium grow faster (within 10 days) than those grown on
Saboraud’s dextrose agar (up to 3 weeks) with equal efficacy. However, for
species-level identification of growth on dermatophyte test medium, subculturing
with Saboraud’s dextrose agar is needed [18]. Both dermatophyte test medium and
Saboraud’s dextrose agar are slightly more effective than enriched dermatophyte
medium, which contains soytone, carbohydrate, growth stimulants, cycloheximide,
color indicator, and agar in distilled water. However, enriched dermatophyte
medium is easier to use and has the shortest incubation period of 1–2 days [19].

Dermoscopy

Dermoscopy has become a useful tool in the diagnosis of hair and scalp conditions.
Dermoscopic findings may aid in making a quick diagnosis while awaiting con-
firmation with a culture. This is particularly true in dark-skinned patients when
erythema is not apparent. In one review, comma hairs and corkscrew hairs were
consistent findings in six Black children with culture-proven TC. These findings
were distinct from matched controls without TC [20]. Comma hairs are short bent
hairs with uniform thickness. Corkscrew hairs are coiled hairs; they are most
commonly seen with comma hairs in Black patients. Black dots, broken hairs, and
hair casts are other dermoscopic findings.

Pathology

Biopsy is not necessary and typically not performed to make the diagnosis of TC.
Histologic findings include arthroconidia and hyphae within and outside of the hair
shafts to the level of Adamson’s fringe (limit of the zone of keratinization) and
hyphae in the stratum cornea [14, 21].

Differential Diagnosis

The differential diagnosis for noninflammatory TC includes alopecia areata, scalp
psoriasis, atopic dermatitis, trichotillomania, and seborrheic dermatitis. Seborrheic
dermatitis is uncommon in children aged 2–7 years old. Thus, a seborrheic der-
matitis presentation should alert the provider to investigate for TC. Alopecia areata
generally has no erythema or scale. The geographic pattern of hair loss would help
to differentiate trichotillomania. The differential diagnosis for inflammatory variants
of TC includes impetigo, dissecting cellulitis, folliculitis decalvans, and lupus
erythematosus.
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Treatment

After laboratory confirmation or strong clinical suspicion of TC, treatment should be
started immediately to prevent spread of disease. Treatment options are identical for
skin of color and non-skin of color patients. Topical therapies are ineffective against
eradication of TC infections. Systemic therapy is required (Table 11.1). Factors
influencing drug choice are the species isolated, cost, compliance, safety, and
availability of liquid formulation. Griseofulvin, a fungistatic drug, has been used for
over five decades in the eradication of TC. In children, griseofulvin micronized
liquid suspension at a dosage of 20–25 mg/kg taken daily for six to eight weeks is a
first-line treatment. Griseofulvin is also available in a tablet form in both the
micronized and ultramicronized formulations. The bioavailability of the ultrami-
cronized formulation is greater. Thus, it is generally dosed at 10 mg–15 mg/kg/day
as compared to 20–25 mg/kg/day for the micronized form. Griseofulvin is also
effective in treating adults with TC, but care must be taken due to the drug’s con-
traindication in pregnancy and requirement for men to avoid fathering a child for
6 months post treatment [11]. Taking the medication with a fatty meal may increase
absorption.

Terbinafine, a fungicidal medication, has recently been shown to be more
effective than griseofulvin in children with T. tonsurans infections given increasing
resistance to griseofulvin. Griseofulvin remains superior in treating M. canis
infections [22, 23]. Oral terbinafine granules 5–8 mg/kg taken daily for 4 weeks is
an effective treatment for TC [11, 24, 25].

Fungicidal and fungistatic itraconazole (5 mg/kg) taken daily for 2–6 weeks or
fluconazole (6 mg/kg) taken for 2–6 weeks are viable second-line alternatives that
can be used in the management of TC [11]. Studies have shown that these newer
antifungal agents offer shorter durations of treatment than griseofulvin with similar
efficacy and safety profiles [26]. These therapies can be used as alternatives in
patients who do not demonstrate clearance with griseofulvin or when there is
concern about compliance due to the long duration of therapy with griseofulvin.

Table 11.1 Oral Tinea capitis treatment

Drug Dose Duration

Griseofulvin
(micronized)

20–25 mg/kg (child)
500 mg (adult)

Daily for 6–8 weeks

Griseofulvin
(ultramicronized)

10–15 mg/kg (child)
300–375 mg (adult)

Terbinafine Child: 125 mg (<25 kg), 187.5 mg
(25–35 kg) or 250 mg (>35 kg)
250 mg (adult)

Daily for 3–4 weeks

Itraconazole 5 mg/kg (child)
5 mg/kg (adult)

Daily for 3–6 weeks

Fluconazole 6 mg/kg (child)
6 mg/kg (adult)

Daily for 3–6 weeks
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It is important to note that although topical therapy is not recommended for TC
management, topical agents are helpful in reducing the transmission of spores.
Shampooing twice a week with 2.5% selenium sulfide, povidone-iodine, or 2%
ketoconazole can be effective in reducing viable fungal spores. As such, these
topical therapies can be used as adjunctive therapy and prophylaxis for asymp-
tomatic family members to reduce the carrier state [11, 25]. For asymptomatic
carriers with a low spore load, topical therapy alone can eradicate the fungi [11].
Oral therapy should be considered for asymptomatic carriers with a high spore load.

Irrespective of therapy regimen, patient follow-up with repeat mycological
sampling is recommended at the end of the treatment period and then monthly
afterwards until total mycological clearance is documented.

It is important to take specific measures to prevent the spread of infection.
Because viable spores have been sequestered from hairbrushes and combs, these
fomites should be cleansed with disinfectants such as simple bleach. It is unnec-
essary for children to stay home from school or nursery if they are receiving
appropriate therapy. They should be allowed to attend school or nursery without
fear of transmission of infection to unaffected classmates [11]. Considering the
endemic nature of T. tonsurans infection among black children in metropolitan
areas, special efforts to prevent infection may be necessary in large urban areas [26].

Tinea Versicolor

Tinea versicolor (TV), also known as pityriasis versicolor, is the superficial over-
growth of fungi from the Malassezia genus [27]. It is one of the most common
etiologies of pigmentation disorders across the globe [28] and is characterized by
hypopigmented, hyperpigmented, and/or erythematous skin changes frequently
found in seborrheic regions of the upper arms and upper trunk. Unlike other
superficial fungal disorders using the term tinea (i.e., tinea pedis, tinea cruris, tinea
capitis), TV is not a dermatophyte infection. TV is common in tropical climates,
with prevalence rates up to 50% in tropical countries compared to 1% in
Scandinavia [29]. It is seen more often during the summer months than the winter
months. TV has a high prevalence in young adults, though other age groups may be
affected. Treatment with topical and oral antifungals is very effective. However,
there is a high rate of recurrence, with 60% of patients having recurrence within one
year of initial diagnosis and 80% within two years [30].

Epidemiology

Many studies have looked at the variability of TV’s occurrence between different
racial populations. Some researchers have found that it is more prevalent in darker
skin versus lighter skin [31, 32]. One review of clinic visits in a Black population in
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southeast London showed that 3.8% of all visits were for TV [32]. Similarly, Halder
et al. [33] found that in the United States (US), 2.2% of all dermatologic visits
among Black and Hispanic patients were for TV. Mellen et al. [34] noted that
ambulatory visits in US clinics for TV were highest among African American and
Native American patients. Others have discovered a tendency of TV to involve the
face (especially the forehead) and neck of individuals of color as opposed to the
torso being more commonly involved in fair skin types [35–37].

With regards to gender and age, some investigators found a higher rate of TV in
males attributable to their increased sebaceous activity as compared to females [38,
39]. Similarly, there seems to be a higher predilection of TV for adolescents and
young adults as compared to older adults. Malassezia requires oil to grow, and
younger persons have increased sebaceous activity [40]. Some have suggested that
TV infection in prepubertal children should prompt investigation of possible pre-
cocious puberty [41]. Sebum production decreases as adults age, thus correlating
with low rates of TV in older populations.

Rarely, neonatal colonization by Malassezia occurs due to colonization of the
mother or transmission via the hands of healthcare workers. One report describes
TV like lesions in an dark-skinned ICU neonate with consistent microscopic
findings. Colonization in susceptible neonates carries a risk of potentially severe
fungemia [42].

Pathogenesis/Etiology

Malassezia globosa is the most common causative agent of TV. However,
M. furfur, M. restricta, M. sloffiae, and M. sympodialis are other common species
responsible for TV [43]. No difference in the causative species of TV has been
documented in the literature between dark- and light-skinned patients. Malassezia
yeasts are part of normal skin flora (especially M. sympodialis [14]). TV results
when Malassezia transforms from saprophytic, round-celled, or yeast phases into
the mycelial phase. This change may be prompted by high temperature and high
humidity. Immunocompetent individuals are able to eliminate virulent Malassezia
through a T-helper cell driven dendritic cell pathway [27]. However, predisposing
factors impact patients’ ability to effectively mount this protective response. Such
factors include hyperhidrosis, malnutrition, immunosuppression, and use of oral
contraceptives. Use of body oils and lubricants may also increase the growth of
Malassezia.

Malassezia is present in all layers of the stratum corneum, especially the lower
part of the horny layer. This lipophilic yeast invades keratinocytes and produces
lipoxygenases that act on surface lipids and oxidize oleic acid to azelaic acid.
Oxidation of oleic acid leads to the inhibition of tyrosinase, damage to melanocytes,
and hypopigmented macules. Furthermore, the build-up of lipid-like material from
Malassezia in the stratum corneum can block UV light and lead to the apparent
lightening of skin. This hypopigmentation can be more apparent in skin of color
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patients. Hyperpigmented macules are caused by inflammation created directly by
Malassezia overgrowth [27]. Malassezia may also modify melanosome size and
distribution within melanocytes and keratinocytes. This can lead to hypopigmen-
tation when the melanosomes are abnormally small and hyperpigmentation when
the melanosomes are abnormally large [44].

Clinical Features

TV lesions are well-demarcated, round or oval macules, papules, patches, or pla-
ques with mild scale. Generally, TV lesions are hypopigmented, hyperpigmented,
or erythematous compared to normal skin. However, lesions vary in color (hence
the name versicolor) and may appear white, pink, tan, gray, or brown. This
dyschromia is more apparent in persons of color due to the stark contrast between
the lesions and the patients’ dark skin. While hypopigmented lesions are common
in dark-skinned patients with TV, up to one-third of patients of color have
hyperpigmented lesions [45]. In dark-skinned patients, hyperpigmented lesions are
often gray-brown (Fig. 11.3).

Lesions are mostly a cosmetic concern for patients due to significant dyspig-
mentation, although mild pruritus has been reported in some patients [29]. Fine
scale present on the lesions becomes more apparent when the skin is stretched or
scraped; this is referred to as the evoked scale sign. Lesions are most commonly
found on the upper trunk and upper arms in adults. In children, TV lesions have a
predilection for the face, especially the forehead. Furthermore, facial involvement is
more common in skin of color than in fair skin [40]. Such facial involvement is
often secondary to infection of the trunk or upper arms. TV macules may also be

Fig. 11.3 a Tinea versicolor—gray-brown lesions common in skin of color. b Tinea versicolor—
magnified view of right upper back
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present on the proximal aspect of the lower extremities, such as the groin, penis, or
popliteal fossa. TV macules may become confluent and coalesce into irregularly
shaped patches. A phenomenon unique to the African American population is “acid
skin”, or the formation of coalescing hypopigmented plaques due to recurrent TV
and/or other papulosquamous disorders. The term “acid skin” originated from the
false belief that this condition is due to excess consumption of acidic foods such as
carbonated beverages or foods high in protein. Treatment of the underlying con-
dition typically leads to lesion resolution [27].

Diagnosis

Tinea versicolor is generally a clinical diagnosis. KOH preparation of skin scrap-
ings or a Wood’s light skin examination can be helpful. With a KOH preparation,
the short, septate, non-branched pseudohyphae and spores, colloquially termed
“spaghetti and meatballs”, of the Malassezia fungi will become apparent, repre-
senting the yeast transforming to its mycelial form [29]. Examination of skin under
a Wood’s light (portal quartz lamp emitting filtered UV light with a peak of 365 nm
held 4–5 in. from affected skin) will show yellow-green fluorescence if infected by
Malassezia. However, it is important to note that a negative Wood’s light exami-
nation does not exclude the diagnosis of TV, as not all Malassezia species fluor-
esce. Biopsy is typically not required, but if performed, demonstrates a thick basket
weave stratum corneum with hyphae and spores.

Differential Diagnosis

The differential diagnosis of TV includes: melasma, confluent, and reticulated
papillomatosis, pityriasis alba, pityriasis rosea, post-inflammatory hyperpigmenta-
tion (PIH) and hypopigmentation, progressive macular hypomelanosis, seborrheic
dermatitis, secondary syphilis, tinea corporis, and vitiligo. Vitiligo, in particular, is
often confused with hypopigmented lesions of TV in dark-skinned patients. Wood’s
lamp evaluation can differentiate between the depigmented vitiligo lesions illumi-
nating with white fluorescence and hypopigmented TV lesions as described above.

Treatment

When choosing an effective treatment for a patient with TV, it is important to
consider the extent and location of lesions, risks and benefits of particular therapies,
patient age, patient compliance, and medication cost. Treatment of TV is the same
regardless of skin color. However, some research has shown that treatment should
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be more aggressive in dark-skinned patients due to the increased likelihood of
post-inflammatory dyspigmentation in this population [27]. Initial steps for mild
infection include topical antifungal (fungistatic) and/or keratolytic shampoos,
creams, and lotions to remove infected stratum corneum (Table 11.2). Nonspecific
agents such as selenium sulfide are able to physically or chemically remove an
infected stratum corneum. Treatment of the entire skin from the neck down to the
knees has been shown to have high success rates. Preparations should be lathered
onto affected areas and then left on the skin for 10–15 min before rinsing. For
severe, extensive, and/or refractory lesions, oral medications can be used
(Table 11.3).

It is important to note that current reports have demonstrated significant concerns
about the safety of oral ketoconazole. This was the first broad spectrum antifungal
medication and previously the first-line oral therapy option for TV. The most
concerning side effect is hepatotoxicity, which can be life threatening. Other
potential adverse effects are multiple drug interactions and endocrine dysregulation,
primarily decreased testosterone production and consequent sequelae [46]. Oral
ketoconazole was withdrawn from European and Australian markets in 2013.
The US Food and Drug Administration (FDA) and Canada have updated product
labeling with warnings regarding hepatotoxicity and drug interactions. Users are
encouraged to restrict use of ketoconazole to severe fungal infections when alter-
natives are not available or tolerated. Increased liver function tests monitoring,
avoidance in patients with liver disease, and heightened awareness of drug inter-
actions is also recommended [47]. Topical ketoconazole is safe and remains
first-line therapy for TV. In fact, although all azoles are effective, topical keto-
conazole has the best minimum inhibitory concentration against Malassezia.

Table 11.2 Topical tinea versicolor treatment regimens

Drug Duration

Ketoconazole shampoo (2%) Twice weekly for 2–4 weeks

Selenium sulfide shampoo (2.5%) Twice weekly for 2–4 weeks

Azole creams/lotionsa Once or twice-daily for 1–4 weeks

Zinc pyrithione shampoo (1 or 2%) Twice weekly for 2–4 weeks

Ciclopirox 0.77% cream Twice-daily for 2 weeks

Ciclopirox olamine 1% shampoo Twice weekly for 2 weeks
aTopical azole antifungals include: clotrimazole 1%, econazole 1%, ketoconazole 2%, miconazole
2%, oxiconazole 1%, sulconazole 1%

Table 11.3 Oral tinea
versicolor treatment regimens

Drug Dose (mg) Duration

Fluconazole 300 Once weekly for 2 weeks

Fluconazole 400 One-time dose

Itraconazole 200 Once-daily for 5–7 days

Itraconazole 400 One-time dose
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Newer antifungal agents such as itraconazole and fluconazole have fewer drug
interactions and are valid alternatives. If systemic oral therapy is necessitated,
fluconazole is the preferred agent due to itraconazole’s variable bioavailability and
increased risk of gastrointestinal side effects and drug interactions [48, 49].
Furthermore, some evidence has shown fluconazole to be more effective in pre-
venting TV recurrence than itraconazole [50].

Before initiating treatment, it is important to advise patients that changes in
cutaneous pigment often persist even after successful treatment. Pigmentation can
return after a period of weeks to months. Recurrence is common despite treatment
choice. Immunocompromised patients are at heightened risk for TV recurrence.
Effective prophylaxis can be attained with an intermittent prophylactic treatment
regimen (Table 11.4).

As aforementioned, post-inflammatory dyspigmentation after an episode of TV
is particularly common in skin of color. Treatment of this condition includes pre-
vention with photoprotection and avoiding unnecessary trauma such as picking,
rubbing, or scratching. Hydroquinone is the gold standard for PIH as it inhibits
tyrosinase. Other possible treatments for PIH include topical retinoids, arbutin,
kojic acid, licorice extract, N-acetyl glucosamine, and niacinamide [27, 51].

Tinea Nigra

Tinea nigra is a superficial phaeohyphomycosis affecting the palms, soles, neck,
and trunk. It occurs primarily in tropical climates. The causative agent is Hortaea
werneckii (H. werneckii), formerly known as Exophiala werneckii [52–54]. This
agent is an environmental pathogen found in sewage, soil, decaying vegetation, and
shower stalls [55]. Lesions of tinea nigra are irregular, sharply demarcated,
asymptomatic, green to brown to black macules or patches that can present as single
or multiple lesions. The macules enlarge centrifugally and often have accentuated
pigment at the border. The lesions may appear velvety or have mild scale. The most
common sites of involvement are the palms and soles. This entity is notable in skin
of color because the lesions may resemble and be misdiagnosed as acral nevi and
acral lentiginous melanoma. Palmar plantar macular hyperpigmentation, a common
benign finding in skin of color, is also in the differential diagnosis [55, 56].

Diagnostic measures such as KOH preparation, culture, and dermoscopy help to
differentiate tinea nigra from melanocytic lesions. KOH examination reveals

Table 11.4 Prophylactic regimens for Tinea versicolor

Drug Dose Frequency

Ketoconazole shampoo 1 or 2% Topical application Once weekly to monthly

Zinc pyrithione shampoo Topical application Once weekly to monthly

Oral fluconazole 300 mg Once a month

Oral itraconazole 400 mg Once a month
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septate, pigmented hyphae in the upper stratum corneum. Biopsy has similar
findings. Dermoscopy shows the classic findings of superficial, fine, pigmented
spicules without respect for dermatoglyphic lines [54]. The spicules form what
resembles a reticulated patch. The pigmented hyphae do not follow the commonly
noted dermoscopic patterns of acral nevi or acral melanomas. Dermoscopy is an
efficient tool that can aid in prompt diagnosis, early treatment, and avoidance of
unnecessary diagnostic tests.

Tinea nigra responds quickly to treatment with topical azoles or allylamine
antifungal agents and keratolytics. Lesions typically resolve within two to three
weeks of topical therapy. Treatment for several weeks may be considered to prevent
recurrence. Systemic therapy is not required.

Conclusion

It is important to identify unique features of dermatologic conditions in skin of color.
This includes infectious processes. Infections can have a higher prevalence, dis-
tinctive presentations, and require consideration of important differential diagnoses.
TC is more common in persons of color. Appropriate management is important to
prevent spread of disease and prevent scarring alopecia in those affected. TV is a
common dermatosis affecting all ethnicities, but can result in notable dyschromia
that is more prominent in dark skin. Lesions are often hypopigmented in skin of
color and when they are hyperpigmented appear a gray brown to black color versus
light brown in lighter skin. There are effective and safe therapies. Tinea nigra most
often occurs on the palms and soles and may mimic acral nevi, palmar planter
hyperpigmentation, and malignant melanoma. Proper identification is important to
avoid unnecessary diagnostic procedures and treatment.

Key Points

1. Tinea Capitis

a. The most common cause in the US is T. tonsurans
b. High prevalence in Black and Hispanic children
c. Requires systemic therapy
d. Newer antifungal agents are effective and safe
e. Asymptomatic carriers contribute to the endemic nature and should be

treated
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2. Special considerations for treating TV in skin of color include:

a. Unique predilection for facial lesions
b. Lesions can cause notable hypo- and/or hyperpigmentation
c. May resemble other skin conditions common in this population such as

vitiligo
d. Potential need for more aggressive treatment due to heightened risk of

post-inflammatory dyspigmentation
e. Recurrence is common and can be prevented with preventative therapy

3. Tinea Nigra

a. May resemble acral nevi and acral lentiginous melanoma
b. Dermoscopy can be a helpful tool in differentiating this from melanocytic

lesions
c. Responds to topical antifungal agents.
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Chapter 12
Autoimmune and Connective Tissue
Disease in Skin of Color

Babu Singh, Scott Walter, Daniel J. Callaghan III., Jennifer Paek
and Christina Lam

Systemic Lupus Erythematosus in Skin of Color

Systemic lupus erythematosus (SLE) is a disorder mediated by a complex interplay
of genetic predisposition, alterations in immune functioning, environmental trig-
gers, and socioeconomic factors. SLE can involve and cause irreversible damage to
almost all organ systems, including the central nervous system, cutaneous, car-
diovascular, musculoskeletal, renal and pulmonary systems. Cutaneous lupus ery-
thematosus (CLE) manifests as a broad spectrum of skin lesions, some with a
propensity for scarring and disfigurement. Importantly, the integument may be the
first organ system involved and, when identified clinically, warrants careful eval-
uation for internal disease. Patients of different ethnicities may have important
differences in disease presentation and evolution in both cutaneous and systemic
lupus, including disease onset, predilection for particular organ involvement,
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disease severity and response to treatment. Furthermore, advances in genomic
research have identified specific genetic markers with increased prevalence in
certain ethnic groups that may provide prognostic information.

Epidemiology of Cutaneous Lupus Erythematosus

Population-based data by Durosaro et al. demonstrated an age- and sex-adjusted
incidence of CLE to be 4.30 per 100,000; however, this population was predom-
inantly Caucasian, limiting its generalizability to skin of color populations [1]. In
terms of ethnic cohorts, data on the incidence of CLE is limited and is based on
retrospective analyses. Osio-Salido et al. reported a 30–50 per 100,000 prevalence
of CLE in a review of 24 countries in Asia [2]. A retrospective cohort study by Rees
et al. investigated the epidemiology of lupus in the UK over the period 1999–2012
and found Black Caribbean patients to have the highest incidence (6.23/100,000
people) and prevalence (125.51/100,000 people) of CLE, which included
cutaneous-only subtypes [3]. A similar trend was also found in their cohort of SLE
patients. The malar rash and discoid lesions were identified in 36.4 and 33.1%,
respectively, in a cohort of African Caribbean patients with SLE in Barbados [4]. In
a retrospective epidemiological study of 888 Brazilian patients with SLE, 90.7% of
patients presented with mucocutaneous manifestations, consisting of malar rash
(83%) and photosensitivity (76.9%) [5]. Furthermore, the malar rash was observed
more in female patients than male patients with SLE.

Pathogenesis

Gene Linkage and Genome-wide Association Studies in Skin of Color
Genome-wide association, microarray transcriptional and candidate gene studies

have identified numerous susceptibility genes for SLE in different ethnic groups.
Furthermore, genetic polymorphisms in certain genes have been identified to confer
an increased risk for disease severity and prognostic information in certain ethnic
groups. However, few studies have compared these polymorphisms between ethnic
groups.

Genomic Studies in Hispanics
Gene linkage studies have identified human leukocyte antigen (HLA) specific to

ethnic groups that predispose to LE. Castano-Rodriquez et al. determined that
HLA-DR3 and HLA-DR2 occur in higher frequencies in Latin American patients
with SLE, with the allele HLA-DRB1*0301 being the most strongly associated.
Furthermore, HLA-DR5 appears to confer protection against developing SLE in
these patients [6]. In another study, expression of HLA-DR1 (DRB1*01) and
C4A*3 alleles were associated with increased disease severity in Hispanic and
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African Americans [7]. A single nucleotide polymorphism (rs1143679) in the
ITGAM (The Integrin AlphaM Protein) was associated with SLE in Hispanic
American populations [8].

Genomic Studies in Asians
Genetic polymorphism of the genes FccRIIA, FccRIIB, FccRIIIA, and FccRIIB

has been described in Asians with SLE [9–10]. The F158 allele of FccRIIIA gene,
which encodes the IgG receptor FccRIIIA, has been found in a meta-analysis to be
significantly associated with lupus nephritis among Asian patients, but not in
Caucasian or Africans [11]. Furthermore, in a cohort of Malaysians, a specific
single nucleotide polymorphism in STAT4 was associated with an increased risk
for SLE. The authors of this study, however, found no significant association with
polymorphisms in TNFAIP3 and IRF5, other genes involved in type I interferon
pathways [12]. Katkam et al. identified a specific polymorphism in exon-1 of the
CTLA-4 (Cytotoxic T Lymphocyte Associated protein) gene, an important negative
regulator of T-cell activation, that was associated with increased serum levels of
TNF-alpha in a cohort of South Indian patients with SLE. The authors concluded
that this association may play a role in the risk of developing SLE [13]. Chua et al.
identified an association between a specific gene polymorphism in PDCD1
(Programmed Cell Death 1) and SLE in Malaysian patients, which is an important
gene in the negative regulation of autoreactive T and B lymphocytes [14].

Diagnosis of Systemic Lupus Erythematosus

The classification criteria by the American College of Rheumatology (ACR) is the
most widely used in SLE [15]. Four of the items in the ACR criteria are cutaneous
manifestations of SLE: malar rash, discoid rash, photosensitivity, and oral ulcers.
Other criteria include non-erosive arthritis (affecting greater than or equal to two
peripheral joints), neurologic disorders (including seizures or psychosis) serositis
(i.e., pleuritic rub, pleural effusion, and pericarditis), renal dysfunction, hematologic
abnormalities (i.e., hemolytic anemia, leukopenia, lymphopenia and thrombocy-
topenia), and finally, two positive immunologic markers (including autoantibodies
to dsDNA, Smith, or antiphospholipid, and anti-nuclear antibody [ANA]). To
classify a patient with SLE, a patient must satisfy four or more items.

Clinical Presentation

LE more frequently affects young females. CLE can be divided broadly into two
categories consisting of LE-specific (or diagnostic) skin lesions versus
LE-nonspecific (or associated) skin lesions. LE-specific skin lesions we discuss
histology separately below consist of the following subcategories: chronic CLE
(CCLE), subacute CLE (SCLE), and acute CLE (ACLE). LE-associated skin
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lesions are broad, some of which include vasculitis, Raynaud’s phenomenon,
livedoid vasculopathy, livedo reticularis, and alopecia. The 3 forms of specific CLE
lesions present similarly among all ethnicities, however in darker skin types the
initial lesions may be difficult to discern because erythema can be masked by
normal skin tone. Photosensitivity may not be as prominent in darker skin types.
Furthermore, scarring and pigmentation changes may be more prominent and dis-
figuring in skin of color patients because of the contrast between lesions and
unaffected normal skin. Finally, CLE lesions may have minimal erythema and be
mostly hyper- or hypopigmented, thus making the clinical diagnosis less
obvious [16].

Acute Cutaneous Lupus Erythematosus
Acute Cutaneous Lupus Erythematosus (ACLE) classically presents as bilateral

erythema of the malar prominences and bridge of the nose, otherwise known as the
“butterfly rash”, that typically resolves without scarring [17]. The rash character-
istically spares the nasolabial folds (due to it being relatively photoprotected),
which helps differentiate this from other facial dermatoses, such as
erythemato-telangiectatic rosacea or dermatomyositis. Occasionally, the erythema
may be palpable from associated edema. ACLE may also be more widespread and
involve the extremities and torso. When ACLE affects the dorsal hands, there is
characteristic sparing of the finger joints with involvement of the interphalangeal
spaces. This subtype is strongly associated with SLE, and the eruption may occur
with flairs of SLE causing long-term residual dyspigmentation [18].

Subacute Cutaneous Lupus Erythematosus
Subacute cutaneous lupus erythematosus (SCLE) typically affects the

sun-exposed surfaces of the upper chest, upper back and extensor arms, with
occasional involvement of the face and neck. Two variants of SCLE are usually
seen: annular or papulosquamous/psoriasiform. Annular lesions present with raised
erythematous to violaceous borders with central clearing. Papulosquamous or
psoriasiform lesions appear as erythematous, scaly thin plaques. As opposed to
DLE, lesions of SCLE do not scar, however significant dyspigmentation may result,
particularly prominent in skin of color patients (Fig. 12.1a, b). The anti-Ro/SS-A
antibody is strongly associated with SCLE and accounts for the significant pho-
tosensitivity seen with this eruption [19].

Chronic Cutaneous Lupus Erythematosus
The CCLE subset consists of discoid lupus erythematosus (DLE), tumid lupus,

lupus panniculitis, and chilblain lupus. DLE lesions can be hypertrophic or mucosal
and there may be a lichen planus/DLE overlap. DLE lesions are most frequently
localized to the cheeks, extensor forearms, forehead, scalp, nose, and conchal bowls
[20]. Uncommonly, lesions may present on mucosal surfaces, such as the lip, nasal
mucosa, genitals and conjunctiva [21]. Red lunulae has been reported to be asso-
ciated with LE [22]. Early lesions are inflammatory in nature and present as
ill-defined violaceous to erythematous thin plaques, which can be missed clinically
in darker skin types, as the erythema may be more difficult to appreciate (Fig. 12.2).
As lesions progress, dyspigmentation, follicular plugging, and scaling occur;
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Fig. 12.1 Erythematous and scaly thin papules and plaques on photoexposed surfaces of the
dorsal hand (a) and forearm (b). The depigmented vitiligo-like patches visualized under the
erythema is a manifestation of the isotopic response that can occur following lupus lesions

Fig. 12.2 Erythematous annular plaque with central hyperpigmentation occurring on the back
representing an early discoid lupus lesion

12 Autoimmune and Connective Tissue Disease in Skin of Color 165



the former can be particularly pronounced in skin of color (Fig. 12.3). End stage
lesions typically have a hypopigmented, atrophied, and telangiectatic center with
hyperpigmented peripheral border. In skin of color patients, there may also be
striking vitiligo-like depigmentation centrally. Lesions, if left untreated, will
inevitably lead to pigmentary changes, scarring, loss of follicular orifices with
alopecia, and if severe, disfigurement of facial structures [23]. The striking contrast
between normal and lesional skin can be psychologically devastating to patients.
Furthermore, in long-standing untreated DLE lesions, squamous cell carcinoma
may develop, even in skin of color. Fernandes et al. reported that 0.98–3.4% of
patients from India developed SCC in long-standing DLE lesions [24]. The most
commonly reported site was the upper lip (28.57%), and the development of SCC
occurred approximately 10 years after the onset of DLE lesion. Keith et al. reported
two cases of SCC occurring in DLE lesions in African Americans, one of which
was on the lip [25]. DLE lesions that are localized to the head and neck region
confer a less than 5% risk of progression to SLE, while in patients with lesions that
are more diffuse and widespread, there is a 20% risk of progression to SLE [18].

Fig. 12.3 Classic discoid
lupus with central
depigmentation, peripheral
hyperpigmentation and scale
located in the conchal bowl
and pre-auricular area
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Lupus erythematosus tumidus (or tumid lupus) presents as erythematous plaques
most frequently distributed on photoexposed areas of the face and upper chest. The
lesions have no appreciable follicular plugging, scarring, or atrophy as the process
is predominantly dermal. The lesions appear and resolve intermittently, and
therefore this entity is also known as intermittent CLE (ICLE).

Lupus panniculitis occurs when inflammation affects the subcutaneous tissue and
commonly occurs at sites of abundant subcutaneous fat, such as the face, upper
extremities, breasts, thighs, and buttocks. Initially, the lesions are characterized by
intense inflammation presenting as indurated nodules that resolve with lipoatrophy,
resulting in alterations in body contours. In the lupus profundus variant, there are
changes of DLE overlying the panniculitis.

Chilblain lupus presents as red to dusky purple papules and plaques on the distal
fingertips, toes, and nose. The lesions typically occur after exposure to cold tem-
peratures [18].

Histology of Lupus Erythematosus

Histologic features of CLE include basal layer vacuolar degeneration, superficial,
and deep perivascular lymphocytic infiltrate, basement membrane thickening and
mucin deposition [26]. In DLE, the inflammation is predominantly periadnexal and
follicular plugging may be seen. Lesions of LE tumidus have heavy dermal lym-
phocytic infiltrate with mucin leading to the indurated feel of the lesions with
minimal epidermal changes [26]. Direct immunofluorescence (DIF) staining often
reveals a homogeneous or granular band along the dermal-epidermal junction of
IgG, IgM or complement, also known as the “lupus band test” [17]. This test has
classically been reported as positive in uninvolved and involved skin of patients
with SLE and in involved skin in patients with DLE [27].

Immunopathologic Features of Lupus Erythematosus

LE is characterized by an aberrant production of autoantibodies that can aid in
diagnosis and may correspond with specific manifestations of disease activity.
Anti-nuclear antibodies (ANAs) consist of a group of autoantibodies that react with
the nucleus or nuclear associated antigens. ANA is present in >90% of patients with
SLE, but has been found to be lower in patients with skin-limited cutaneous disease
[28]. Higher titers of ANA (generally greater than 1:160) have been associated with
a greater risk of developing SLE.
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Epidemiology of Systemic Lupus Erythematosus
in Skin of Color

Prevalence in Asia and Populations of Asian Descent
Osio-Salido et al. determined the prevalence of SLE in 24 Asian countries to be

30–50 per 100,000 population [2]. In this study, cutaneous (52–98%), muscu-
loskeletal (36–95%), and renal involvement (greater than 50%) were the most
common manifestations of SLE. Jakes et al. determined the prevalence of SLE in
the Asia-Pacific region to be between 4 and 45 per 100,000 through a systematic
literature search [29]. SLE in a Chinese population living in Oahu, Hawaii was
estimated to be 24 per 100,000, which was higher than that estimated for white
Europeans (6 per 100,000) [30]. Another study reported the overall prevalence rate
for SLE in Asians (including people of Indian descent) to be 48.8 per 100,000,
which was higher than for whites (20.3 per 100,000), but lower than that for people
of Afro-Caribbean descent (207 per 100,000) [31]. Samanta et al. estimated
prevalence of SLE in Leicester, England to be 0.4 per 1000 for Asians and 0.2 per
1000 for Caucasians [32].

Prevalence in Africa and Populations of African Descent
Deligny et al. performed a retrospective epidemiological study on 45 patients of

African descent living with cutaneous lupus in French Guiana [33]. They found that
the cutaneous manifestations of their cohort were similar to Caucasian patients
living in the same area; however, those of African descent were younger at diag-
nosis. Flower et al. performed a retrospective study to characterize the epidemi-
ology, clinical features, and outcomes of African Caribbean patients with SLE in
Barbados using a national registry (Barbados National Lupus Registry) [4]. Over a
9-year period, they reported an annual incidence rate of 12.21 per 100,000
person-years for women and 0.84 per 100,000 person-years for men. The preva-
lence of SLE in Afro-Caribbean, West African, and European descent women
living in southern London was reported to be 177, 110 and 35 per 100,000,
respectively [34].

Overall, the prevalence of SLE appears greatest in populations of African des-
cent, followed by Asian and lowest for Caucasian populations. Generally, women
are more commonly affected by CLE, including DLE and SLE, than men [35].

Disease Severity in Skin of Color

Disease Severity in Asians
Asian patients with SLE have been found to have different clinical presentations

compared to Caucasian or African patients. In a prospective study of patients of
Chinese descent living in Canada, the age of diagnosis was lower for the Chinese
cohort compared to the African Canadian and Caucasian patients [36]. Furthermore,
renal involvement was more prevalent among the African and Chinese groups
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compared to Caucasians. In a retrospective study evaluating the Systemic Lupus
International Collaborative Clinics/American College of Rheumatology
(SLICC/ACR) Damage Index, Asian patients were found to have a significantly
higher mean damage score at 5 and 10 years and a higher renal damage score at
10 years compared to scores for Afro-Caribbean and Caucasian populations [37].
Another study revealed a prevalence of biopsy-proven lupus nephritis in Chinese
patients to be 110.3 cases per 100,000, compared to 99.2 per 100,000 for
Afro-Caribbean patients and 5.6 per 100,000 for Caucasian patients [38]. Samanta
et al. also determined a younger age on onset for Asian patients (age 24) compared
to Caucasian subjects (age 31) [32]. Furthermore in this study, Asian patients were
found to have higher prevalence of proteinuria, neuropsychiatric disease, muscle
disease (as measured by increased serum muscle enzymes), and higher serum ANA
levels compared to their Caucasian counterparts.

Disease Severity in Hispanics
In the LUMINA (Lupus in Minorities: Nature vs. nurture) study, patients were

followed at multiple centers in the United States, including a center in Puerto Rico.
Study cohorts included Hispanics from Texas, Hispanics from Puerto Rico, and
African Americans from multiple medical centers. Caucasians were also included in
this study as a comparison group. Skin of color patients were found to have worse
outcomes including higher disease activity according to the Systemic Lupus
Activity Measure (SLAM) and higher incidences of organ damage [7, 39].
Hispanics from Texas were found to have a higher rate of organ damage from SLE
than African Americans and Caucasians, and the Hispanic ethnicity was a signifi-
cant predictor of organ damage in a multivariate analysis. Positive anti-dsDNA
antibodies were more frequent in Hispanics from Texas and African Americans,
whereas anti-U1 RNP, anti-Smith and antiphospholipid antibodies were more fre-
quent among African Americans [39]. Furthermore, the physician’s global assess-
ment of disease activity, as measured on a ten-point scale, was higher in Hispanic
and African American groups. Hispanic and African American patients also had a
higher number of ACR criteria at enrollment in the study compared to Caucasians.

The GLADEL study (Latin American Group for the Study of Lupus), another
large prospective multicenter study of skin of color patients with SLE, included
1214 patients of Mestizo (combined European and Amerindian descent),
Caucasian, and African Latin American ethnicity [40]. In this study, skin of color
was associated with renal disease and higher number of ACR criteria met at
inception compared to Caucasian group. Patients of the Mestizo cohort had higher
rates of renal damage compared to the Caucasian group, after accounting for
clinical and socio-demographic variables.

Disease Severity in Africans and African Americans
Evidence suggests that SLE severity is highest for the Afro-Caribbean patients

compared to Asian and Caucasian populations. Tan et al. determined that African
American men were more likely to have a history of smoking, proteinuria and renal
involvement than African American women [41]. Furthermore, African American
men were also more likely to have neuropsychiatric and cardiovascular damage and
have higher mortality. Similar observations were made when comparing Caucasian
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men to women. When comparing African American men to Caucasian men,
African American men were more likely to have discoid lesions, alopecia, pro-
teinuria, renal insufficiency, and anti-Smith antibodies. Furthermore, African
American men were more likely to have a higher mortality than Caucasian men.
Another study found that black women with SLE were the youngest compared to
other racial groups when analyzing cardiovascular disease complications of SLE
[42].

Overall, the above studies suggest that African American, Asian and Hispanic
populations have more severe disease compared to their Caucasian counterparts.

Survival and Mortality in Skin of Color with Lupus
Erythematosus

Variations exist in the morbidity and mortality observed in SLE patients of different
ethnicities. Wadee et al. performed a retrospective study to determine the long-term
outcome and mortality patterns of patients with SLE at a tertiary center in Soweto,
South Africa. Five-year survival of these patients was 57%, and the most common
cause of death was infection (32.7%) and renal failure (16.4%). They found that
nephritis, neuropsychiatric disease, and hypocomplementemia were associated with
increased mortality [43]. Gomez-Puerta et al. [44] in a large cohort of Medicaid
patients found the overall mortality rate per 1000 person-years to be highest for
Native Americans (27.52), followed by African Americans (24.13), Caucasians
(20.17), Hispanics (7.12), and Asians (5.18). Wang et al. performed a systematic
retrospective review and identified over 4000 published cases of Chinese patients
with SLE and determined a pooled survival rate for SLE of 94% at 5 years and 89%
at 10 years. The major causes of death were infection (33.2%), renal involvement
(18.7%), encephalopathy (13.8%), and cardiovascular disease (11.5%) [45]. Flower
et al. performed a retrospective study to characterize the epidemiology, clinical
features and outcomes of African Caribbean patients in Barbados using a national
registry (Barbados National Lupus Registry) [4]. The overall 5-year survival rate for
this cohort of 183 cases was 79.5%. Another study found that the African American
race independently worsened the probability of survival [46]. According to the
LUMINA cohort study, the 5-year survival rate for Hispanic Americans was 86.9%,
compared to 89.8% for African Americans and 94% for Caucasians. African
American and Asian patients were found to have high disease activity on renal
biopsy and higher renal-related death compared to Caucasians [47]. A study ana-
lyzing data over a ten-year period from the National Center for Health Statistics
found that Chinese, Japanese, and Filipino patients had higher adjusted annual rates
of death compared to Caucasians [48]. These Asian subgroups were found to have
an annual mortality rate of 6.8 per million population compared to 2.8 per million
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for Caucasians. Another study revealed that African American women with SLE
were about 20 years younger than race and sex-matched controls at the time of
cardiovascular-related death [42]. In summary, the above studies suggest that
African Americans have greater mortality and higher disease activity compared to
their Asian and Caucasian counterparts.

Treatment

The management of CLE follows an algorithmic approach and is similar in all
patients independent of skin color. Many of these therapies are added rather than
substituted as a multimodal approach will have synergistic effects. The first step
always includes photoprotection, including diligent use of sunscreens, avoidance of
sunlight during peak midday hours, and the use of sun-protective clothing. This can
be particularly challenging for patients with darker skin types to adhere to as they do
not burn as easily as fair-skinned patients do and are usually not as attentive to their
photoprotective habits [49]. Sun avoidance is important for both cutaneous-limited
and systemic disease, as sun exposure can precipitate flairs of both. For limited
cutaneous disease, local therapies, including topical or intralesional corticosteroids
and topical calcineurin inhibitors are used. For more severe disease or if lesions are
recalcitrant to the previously outlined therapies, antimalarials are subsequently
added to the regimen. The most commonly used agents include hydroxychloro-
quine, chloroquine, and quinacrine [35]. Hydroxychloroquine is more frequently
used in the US at a typical dose of 200 mg twice daily. Patients should be counseled
that full efficacy may take up to two to three months and response to therapy is
usually assessed after this time before starting a second-line agent [50]. The most
concerning side effect of hydroxychloroquine is irreversible retinal toxicity (bull’s
eye maculopathy), which increases with higher doses and long-term use of the
medication [51]. It is generally thought that the risk for retinal toxicity is highest for
chloroquine and least for quinacrine [50]. A recent publication by the American
Academy of Ophthalmology recommended that a baseline fundus exam be per-
formed to evaluate for preexisting maculopathy and annual screening be performed
after 5 years of use for patients on standard doses, as the risk of retinal toxicity
increases substantially after that time. Weight-based dosing for hydroxychloroquine
of 5 mg/kg/day of real body weight was recommended to decrease the risk of retinal
toxicity [51].

Particular attention should be paid to patients who smoke, as cigarette smoking
has been associated with increased disease severity in SLE and may decrease the
efficacy of antimalarial drugs used. Second-line agents that can be used in com-
bination with antimalarials or used alone include methotrexate (7.5–25 mg/week),
mycophenolate mofetil (1000–3000 mg/day), thalidomide (25–100 mg/day), and
dapsone (50–150 mg/day) [35].
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In addition, it appears that ethnicity may play a role in patients’ response to
systemic therapies. In a retrospective study of a cohort with a large number of
ethnic patients, immunosuppressive drugs (oral prednisone, chloroquine and
intravenous cyclophosphamide) were found more frequently to be used in
non-Caucasians compared with Caucasians [52]. Furthermore, in the Aspreva
Lupus Management Study, African American and Hispanic patients who had
induction treatment with mycophenolate mofetil (MMF) versus intravenous
cyclophosphamide (IVC) for lupus nephritis had higher response rates to MMF
compared to IVC, whereas the response rates to both agents were comparable in the
Asian and Caucasian cohorts [53]. African Americans and Hispanics from Texas
were found to more likely have received corticosteroids and cyclophosphamide
compared to Caucasian patients [7]. Another study reported that immunosuppres-
sive treatments were required more in Asian patients compared to Caucasian
patients [32]. Interestingly, using antimalarial drugs for greater than 2 years in a
skin of color population was associated with a lower mortality rate and a 38% delay
in the occurrence of death [52].

SLE Key Points

The clinical presentation, course, and survival of patients with SLE appear to vary
by ethnic group. Gene linkage studies have identified gene polymorphisms specific
to ethnic groups that confer a risk of LE development and associated prognostic
information. The prevalence of SLE is greatest in populations of African descent
and this population appears to have more severe disease compared to their
Caucasian counterparts. Furthermore, African Americans appear to have greater
mortality and higher disease activity compared to their Asian and Caucasian
counterparts.

Systemic Sclerosis in Skin of Color

Systemic sclerosis (SSc), or scleroderma, is an autoimmune connective tissue
disorder that causes thickening of skin in association with internal organ involve-
ment. In skin of color, scleroderma is noted for its distinct clinical presentation,
clinical course, autoantibody profile, and prognosis. SSc can be broadly divided
into two clinical subtypes based on distribution of skin lesions and pattern of
systemic disease. The limited form of SSc is characterized by sclerotic changes
(manifested clinically as skin hardening) of the distal extremities and face. This
form of SSc can also involve internal organs, such as the lungs and gastrointestinal
tract, but with usually different manifestations than the diffuse form. In the diffuse
subtype of SSc, the skin thickening progresses from distal to proximal extremities
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as well as involving the trunk and face. In addition to more widespread skin and
internal organ involvement, diffuse SSc has a higher associated mortality than the
limited form of SSc.

Epidemiology of SSc in Skin of Color

SSc has a worldwide distribution and has been reported to affect all races. Women
are affected more commonly than men in a 3–4:1 ratio. A positive family history of
SSc confers up to a 15-fold higher risk of developing SSc than the general popu-
lation [54]. The age of onset of SSc typically ranges from 40 to 50 years old. The
authors in one study reported a 2.5-fold higher incidence in their African American
cohort (20 per million per year), compared to their Caucasian cohort (8 per million
per year) [55]. In a large epidemiological study of female patients with SSc from
Michigan over a 10-year period, the annual incidence for African American women
was estimated to be 22.5 per million population and was lower for Caucasian
women at 12.8 per million [56]. In one large cohort study, African American
patients presented at a younger age compared to Caucasian patients (mean age at
first visit 44.8 vs. 50) [57]. Furthermore in a study over a 20-year period, the
incidence of diffuse SSc was reported to be higher among African Americans
compared to Caucasians, especially in the younger age range 15–24 [58]. In a
smaller case-control study of 12 SSc cases, full-blooded Choctaws of Native
American descent were found to have a higher prevalence (66/100,000) compared
to the other Native Americans in Oklahoma (9.5/100,000), who had a similar
prevalence to that reported for Caucasians [59].

Pathogenesis

The etiology for SSc is complex and only partially understood. The earliest
pathophysiologic change in SSc is endothelial injury with altered response to
vasoconstriction and vasodilation [60]. Eventually, vessel lumens decrease in
diameter and become occluded, leading to localized hypoxia with production of
profibrotic cytokines and fibroblastic activation [61]. The final pathway in SSc is
fibrosis with proliferation of fibroblasts and deposition of collagen, fibronectin,
proteoglycans, fibrillins, and various other molecules. An important growth factor
that has been implicated in the pathogenesis of SSc is transforming growth factor
b1 (TGF-b1), which is involved in fibrinogenesis and fibrosis. In dermal fibroblasts
isolated from patients with SSc, receptors for TGF-b1 are increased with abnormal
downstream signaling [60]. Caveolin-1 is a plasma membrane protein that is reg-
ulated by expression of TGF-b1 and thought to be involved in the predisposition of
blacks to SSc [62].
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Multiple alleles of the human leukocyte antigen have been associated with the
risk of developing SSc in certain ethnic groups. Furthermore, frequencies of certain
SSc-associated autoantibodies have been found to differ in various ethnic groups
compared to Caucasians. In a cohort of Han Chinese patients, DRB1*11 was found
to confer risk of developing SSc, which the authors note is consistent with studies
of Hispanic and Spanish populations. Furthermore, DRB1*15 was associated with
Han Chinese patients with SSc who were positive for anti-topoisomerase autoan-
tibodies. This haplotype was also found in anti-topoisomerase positive Black South
African and Korean patients with SSc [63]. In a case-control study of 52 Black
South Africans, greater frequency of DRB1*0301 was observed in the limited SSc
subset and DQB1*0301/4 in the diffuse subset. The authors of this study also found
that pulmonary fibrosis was associated with DRB1*11. Topoisomerase I autoan-
tibodies were associated with DPB1*1301 and DRB1*15 [64]. In a large cohort of
944 patients with SSc, HLA-DRB1*1104 and HLA-DQB1*0301 haplotypes were
found to have higher frequencies in cohorts from Spain and Italy [65]. One study
found that DRB1*0804, DQA1*0501, DQB1*0301 alleles are associated with
black subjects with SSc [66].

Diagnosis of Systemic Sclerosis

The diagnosis of systemic sclerosis is based on a constellation of clinical manifes-
tations and laboratory findings. The 2013 American College of Rheumatology/
European League Against Rheumatism classification (ACR/EULAR) criteria for SSc
includes weighted scores for various clinical features and scleroderma-related
autoantibodies [67]. Clinical features with the highest weighted score(s) includes skin
thickening of fingers of both hands extending proximal to the metacarpophalangeal
joints (score of 9), skin thickening affecting an entire finger past the metacarpopha-
langeal joint (score of 4), puffy fingers (score of 2), digital tip ulcers (score of 2), and
pitting scars (score of 3). Additional cutaneous features in the classification criteria
include telangiectasias and abnormal nailfold capillary changes. Systemic features in
the classification criteria include pulmonary arterial hypertension, interstitial lung
disease, and Raynaud’s phenomenon. Finally, the criteria include themost commonly
detected autoantibodies in scleroderma, including anti-topoisomerase I (Scl-70),
anti-centromere, and anti-RNA polymerase III (RNAP3). Patients with a score of 9 or
greater are classified as having definite SSc.

Cutaneous and Systemic Features

Patients with SSc often experience an evolution in their skin disease over time,
whereby there is an early edematous phase with erythema and edema of the skin,
which is typically described as nonpitting [60]. This phase is followed by
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subsequent hardening with the appearance of shiny and tight overlying epidermis,
which is known as the indurated phase. With progression, the overlying epidermis
becomes thinner resulting in the atrophic phase [68]. With time and progressive
disease, the digits may develop flexion contractures due to the thickened
bound-down skin and ulcerations due to tissue hypoxia and trauma. Involvement of
the face can cause tightening of the skin with loss of wrinkles, decrease in diameter
of the oral aperture (microstomia), and beaked nose giving the face a characteristic
appearance [69]. In skin of color patients, dyspigmentation can frequently be
observed over sclerotic areas as well as unaffected areas. The classically described
“salt and pepper” sign is most frequently distributed over the upper trunk and
central face, and consists of focal areas of depigmentation with normal follicular
pigmentation and a normal-appearing epidermis. Changes in pigmentation are a
common finding in skin of color patients. In one study, 82% of African American
patients had hyperpigmentation or hypopigmentation, compared to 51% in
Caucasian patients [70]. The types of pigmentary changes described are variable,
ranging from ill-defined hyper- or hypopigmented patches to vitiligo-like areas
(such as the above-mentioned “salt and pepper” sign) to a mixture of both hyper-
and hypopigmented areas [71]. Telangiectasias are more frequent in patients with
limited SSc and may be harder to appreciate in skin of color. Telangiectasias are
most frequently distributed on the face, lips, and palmar surfaces. On capillaroscopy
of the proximal nailfolds, an alternating pattern of loss of capillary loops (“drop
out”) with dilated loops is characteristic of SSc and can be observed in up to 90% of
patients [72]. CREST syndrome is a variant of limited SSc, consisting of
Calcinosis, Raynaud’s phenomenon, Esophageal dysmotility, Sclerodactyly, and
Telangiectasias. This syndrome is most frequently observed in women and is
associated with the anti-centromere antibody.

Additional cutaneous manifestations of SSc include dystrophic calcinosis, pru-
ritus, alopecia, and Raynaud’s phenomenon. SSc is one of the most common causes
of Raynaud’s phenomenon, a symmetric vasospasm of the digital arteries resulting
in sequential discoloration (white to blue to red) of the distal fingers in response to
cold. Digital ulcerations are commonly observed in patients with SSc. Ulcerations
on the fingertips are usually due to ischemia and those over dorsal interphalangeal
joints or pressure points are most likely caused by trauma. These ulcerations may be
challenging to manage, may require specialty care, and can be a nidus for infection.
In addition, severe cases of digital ischemia and ulcerations can result in osteolysis
and digit shortening. The gastrointestinal tract (GIT) is commonly affected, par-
ticularly the upper GIT in up to 90% of patients with SSc [73]. When the esophagus
is affected, patients typically present with dyspepsia and dysphagia. Pulmonary
involvement may manifest as pulmonary arterial hypertension or interstitial lung
disease and represents the leading cause of death in scleroderma [74]. The most
dreaded complication from kidney involvement is the scleroderma renal crisis,
which is the sudden onset of hypertension and/or acute renal failure and is asso-
ciated with high mortality.
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Histology

Histologic features of SSc depend on the stage of the lesion. Earlier lesions of SSc
have a mixed inflammatory infiltrate (lymphocytes, histiocytes, and plasma cells)
between collagen bundles and also around blood vessels. Thickening or hyalin-
ization of collagen bundles has been noted to occur in the lower dermis and fibrous
septa and then extend to the upper dermis. Eventually, the densely packed collagen
bundles replace the dermis and subcutaneous fat. Adnexal structures such as eccrine
glands and hair follicles can become “trapped” because of the increase in collagen
deposition. Blood vessels also become hyalinized. These changes also occur in
lesions of morphea and histologically the two cannot be distinguished [60].

Serologic Markers in Systemic Sclerosis

Several autoantibodies have been found in patients with scleroderma and are
helpful in diagnosing and characterizing the associated clinical features of patients
with this disease. In particular, anti-centromere antibody (ACA) has been associated
with the limited subtype of SSc and pulmonary arterial hypertension,
anti-topoisomerase I (topo I) antibody with the diffuse subtype of SSc and inter-
stitial lung disease, and anti-RNA polymerase III (RNA pol III) antibody with the
diffuse subtype and scleroderma renal crisis [57, 73]. It appears that ethnicity may
also influence antibody profiles as certain authors found anti-U1RNP and
anti-U3RNP (fibrillarin) in combination with topo I to be the most frequent in
African Americans with SSc, whereas the most common in Caucasians appeared to
be ACA, topo I, and RNA pol III [57]. There is also some evidence to suggest that
this racial difference in antibody profiles may affect severity of clinical manifes-
tations, as African Americans with anti-topo I and U1-RNP were found to have
more severe pulmonary fibrosis than Caucasians with the same antibodies [57].

Disease Severity and Mortality in Skin of Color

Numerous studies have reported that African American patients with SSc have
greater disease severity and higher mortality than their Caucasian counterparts. One
study reported that in the United States the death rate peaked 10 years earlier for
African Americans (age 65–74) with SSc than Caucasians (age 75–84). The authors
also reported a higher age-adjusted mortality rate for African Americans (7.1 deaths
per million population per year) than Caucasians (4.4 deaths per million population
per year) with SSc. Furthermore, age-adjusted mortality rate was highest for
African American women (9.5 deaths per million population per year) with SSc
[75]. Another study determined that African American patients were more likely to
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experience in-hospital deaths than Caucasians when hospitalized for complications
of SSc [76]. Steen et al. found that African American patients with
anti-topoisomerase antibody had more severe pulmonary fibrosis and decreased
survival compared to Caucasian patients who were positive for the same antibody
[57]. Overall, African Americans with scleroderma appear to be at greater risk for
more severe disease including diffuse disease, younger age of onset, associated
pulmonary disease, and overall worse prognosis [70, 77].

Treatment

Patients with cutaneous manifestations of SSc warrant evaluation for internal organ
involvement [78]. Studies to evaluate for pulmonary disease include pulmonary
function tests, high-resolution CT scan of the chest, and echocardiography [79].
A urinalysis is important to obtain for evaluation of renal involvement. For eval-
uation of gastrointestinal symptoms, an endoscopy and upper gastrointestinal series
(i.e., barium swallow) can be ordered in consultation with a specialist particularly
for patients who do not respond as expected to antireflux therapies [74].

The treatment of SSc is challenging and therapeutic interventions focus mainly
on specific organ involvement. D-penicillamine, minocycline, and methotrexate
have been trialed for cutaneous sclerosis with minimal success [80, 81]. UVA1 has
also been reported to have a role in treating skin disease, similar to morphea [82].
Mycophenolate mofetil has been used as first-line therapy in expert reviews, with
intravenous immunoglobulin and low-dose cyclophosphamide as second-line
agents [74]. First-line treatment of Raynaud’s phenomenon is behavioral and
includes counseling on avoiding cold temperatures, keeping core body and
extremities warm, stress management, and smoking cessation [83]. The most
commonly used pharmacologic agents for Raynaud’s include topical nitroglycerin,
calcium channel blockers, angiotensin II receptor blockers, antidepressants, and
phosphodiesterase-5 inhibitors [83]. Treatment of esophageal dysmotility usually
includes symptomatic control with proton-pump inhibitors for gastroesophageal
reflux [84].

Dermatomyositis in Skin of Color

Dermatomyositis (DM) is an idiopathic inflammatory myositis that presents with
characteristic cutaneous signs in combination with symmetric, proximal inflam-
matory myopathy. It can occur in association with interstitial lung disease and
internal malignancies.
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Epidemiology

Estimates on the incidence of dermatomyositis range from 1.2 to 17 new cases per
million [85]. Females are twice as likely to be affected compared to males and data
suggests prevalence is 2–4 times greater in African Americans than Caucasians [86,
87]. The estimated incidence of juvenile DM is 2 per million for Caucasians and 7
per million for African Americans [88].

Pathogenesis

The exact etiology of DM is not known but is thought to be triggered by an
autoimmune response to foreign antigens such as drugs, infectious agents, or
malignancy in genetically predisposed individuals [89]. Numerous HLA types have
been associated with DM including HLA-DR3, HLA-DR52, HLA-DR7,
HLA-DRw53, HLA-B14, and HLA-B40. Several autoantibodies have been found
in patients with DM, the more commonly described include anti-JO-1, anti-Mi-2,
anti-MDA-5, anti-SAE, anti-TIF1c, and anti-NXP2—all of which are associated
with various clinical phenotypes [89, 90]. Mi-2 autoantibodies are associated with
classic DM with both the characteristic cutaneous findings as well as muscle disease
with an overall favorable prognosis [90]. Patients with MDA5 autoantibodies
typically have mild or absent muscle disease and an increased risk of interstitial
lung disease [90, 91]. Furthermore, patients with MDA5 autoantibodies also appear
to have a specific cutaneous phenotype consisting of ulcerating skin lesions and/or
tender palmar papules [92]. TIF1c autoantibodies (formally classified as a p155/140
doublet) have been shown to have 89% specificity and 78% sensitivity for detecting
cancer-associated DM [89, 93]. NXP-2 (formally p140) is found more frequently in
juvenile DM with calcinosis along with polyarthritis, joint contractures, and
intestinal vasculitis [90]. More recent studies of NXP-2 antibodies in adults have
shown association with significant muscle disease and malignancy [90, 94].
Anti-JO-1 antibodies have classically been associated with the antisynthetase
syndrome, which is characterized by Gottron’s papules, mechanic’s hands,
myositis, arthritis, fever, Raynaud’s phenomenon, and interstitial lung disease [89].
The more recently described anti-SAE antibodies have been associated with the
presence of myositis and severe dysphagia [91].

Certain autoantibodies andHLA types specific to those with darker skin types have
also been identified. The combination of anti-topoisomerase I antibody and
anti-U1RNP was found to be more prevalent in African Americans and clinically
more likely to be associated with an overlap between systemic sclerosis (with mild
skin involvement) and systemic lupus erythematosus or polymyositis/
dermatomyositis [95]. Certain HLA alleles have been identified as possible risk
factors for idiopathic inflammatory myopathies in African Americans compared to
ethnically matched controls and include HLA-A*6802, HLA- DQA1*0501, and
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HLA-DRB1*03. For dermatomyositis, HLA-DQA1*0601 was identified as a novel
risk factor for African Americans compared to other inflammatory myopathies [96].
Higher frequencies of anti-PL-12 autoantibodies were found in African American
patients with idiopathic inflammatory myopathies compared to European American
patients with idiopathic inflammatory myopathies [96].

Diagnosis of Dermatomyositis

The first criteria to diagnosing DM were developed by Bohan and Peter and include
five components: (1) symmetric proximal muscle weakness determined by physical
examination, (2) elevation of serum skeletal muscle enzymes, (3) abnormal char-
acteristic electromyography, (4) characteristic abnormal muscle biopsy, and (5) the
presence of the characteristic skin findings of DM [97, 98]. A possible, probable or
definite diagnosis is made when a patient has the characteristic skin findings in
addition to 1, 2, or 3 muscular criteria, respectively [97, 98]. These criteria have
been widely used and are highly sensitive (94%), but do not include the more
recently described entity “clinically amyopathic DM”, wherein the cutaneous fea-
tures of DM are present without involvement of muscle. Other more recent criteria
have been proposed and include the use of autoantibodies and imaging modalities
but have not been widely validated [99, 100].

Clinical Presentation

DM presents in a bimodal distribution in children ages 5–15 and then adults ages
40–65 [101]. Cutaneous findings may precede muscle disease by many months in
one-third to one-half of patients; however, after 2 years without muscle involve-
ment, the patient can be classified as having clinically amyopathic DM [102, 103].
The pathognomonic skin findings of DM include the heliotrope rash and Gottron’s
papules. The heliotrope rash is characterized by periorbital violaceous erythema
with or without edema most often involving the upper eyelid. In African
Americans, this may only present as periorbital edema [50]. Gottron’s papules are
erythematous to violaceous flat-topped scaly papules distributed over bony
prominences, typically the interphalangeal joints of the dorsal fingers. Other cuta-
neous findings characteristic of DM include violaceous erythema on extensor
extremities or lateral thighs (“holster sign”), photodistributed poikiloderma, cen-
trofacial erythema, periungual telangiectasias and dystrophic cuticles, and diffuse
alopecia. Skin lesions are frequently pruritic. Proximal muscle weakness is the
predominant musculoskeletal presentation of DM. Myalgias, while infrequent, may
precede weakness and muscle atrophy can occur late in the course of disease [85].
Typically, the muscle disease activity does not correlate with skin disease.
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Other internal organs may also be involved in DM, such as pulmonary and cardiac
systems, which lead to increased morbidity and mortality [102]. DM in adults has
also been associated with an increased risk of internal malignancy, with an inci-
dence ranging from 9 to 32%, and the risk remains elevated for three to five years
after diagnosis [104]. Associated malignancies are typically detected within 1 year
of symptom onset while the majority of associated malignancies are detected in the
first 3 years. In African American women, the risk of DM associated malignancy is
decreased compared to Caucasian women [50]. In those of Chinese decent,
nasopharyngeal carcinoma composes 40–80% of associated malignancy with DM
[105]. The most common associated malignancies include lymphomas, lung, ovary,
colon, and genitourinary carcinomas [89].

Histology

Skin biopsies in DM reveal a vacuolar interface dermatitis with dermal mucin
deposition similar to that of lupus erythematosus [102]. Muscle biopsies charac-
teristically show a perivascular and perifascicular inflammatory infiltrate in addition
to type II muscle fiber atrophy, necrosis, regeneration, and hypertrophy [106].

Prognosis and Mortality

The prognosis for DM has improved over time but there are still large ranges in
mortality in the literature likely due to small sample sizes of studies and variation
amongst patients. One-year survival varies from 83 to 95% while five year survival
varies from 63 to 95%. Nine year or greater survival ranges from 53 to 100% [107].
Recent studies for juvenile DM found the mortality to range from 0 to 1.5% [108,
109]. Poor prognostic factors in DM include older age, malignancy, progressive
disease, cardiac or pulmonary complications, longer duration of symptoms before
treatment, and extensive cutaneous lesions on the trunk [107]. No studies have
specifically looked at survival or prognosis in ethnic skin types.

Treatment

Treatment for dermatomyositis is largely based on retrospective studies and case
series as few randomized controlled trials have been performed. For those with
confirmed DM and active muscle disease, high dose systemic corticosteroids are the
mainstay of therapy [110]. Initial doses usually range from 0.5 to 1.5 mg/kg and
then are slowly tapered over the course of several months based upon disease
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response [111]. Steroid-sparing agents and adjunctive therapy for refractory disease
include methotrexate, azathioprine, mycophenolate mofetil, and intravenous
immunoglobulins (IVIg) among others [107].

The treatment of the skin manifestations of DM starts with strict sun protection
and topical agents, including steroids and calcineurin inhibitors [110]. Control of
pruritus is important and use of emollients and systemic antihistamines may be
beneficial. Antimalarials, such as hydroxychloroquine, have been found to be
effective in 41–75% of patients [107]. Additional systemic therapies include
methotrexate (to be used with caution in patients with associated lung disease),
mycophenolate mofetil, IVIg, dapsone, and rituximab, and have been reported for
refractory skin manifestations of DM [107]. Most recently, tofacitinib has been
described as effective in a small case series of three patients with multidrug-resistant
cutaneous dermatomyositis [112].

Morphea in Skin of Color

Morphea, also known as localized scleroderma, is a rare inflammatory disease
characterized by sclerosis of the skin. While the underlying etiology of morphea
remains unclear, it is considered an autoimmune disease that is likely multifactorial
in nature. Individuals with morphea are thought to have an underlying genetic
predisposition coupled with an environmental trigger. Triggering events have been
hypothesized to include infection, medications, trauma, or radiation. In the right
setting, this combination of factors ultimately results in small vessel damage, the
release of profibrotic cytokines and disruption of the balance of collagen production
and destruction [113].

Prevalence in Skin of Color

Morphea has an estimated incidence of 2.7 per 100,000 individuals, with a female
predominance ranging from 2.4 to 4.2:1 [114–116]. The few published
population-based studies report morphea to more commonly affect Caucasians,
who make up 73–83% of cases. Conversely, Hispanics make up 13–14% of
morphea patients, African Americans comprise 3–7% and Asians comprise 2–3%
[114, 115, 117].

Clinical Presentation

Morphea runs a variable and unpredictable course. Clinically, morphea is typically
composed of an initial inflammatory stage with the appearance of erythematous to
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dusky-violaceous patches and plaques. Eventually, these lesions transition to a
fibrotic stage in which they become white to hyperpigmented sclerotic plaques
which can be both hairless and anhidrotic [113]. Specific manifestations have not
been well characterized in skin of color, which may be a reflection of the rarity of
the disease or nature of the presentation as with other inflammatory diseases in skin
of color, the initial erythematous stage can be a more subtle hyperpigmentation.

Morphea has been described as having five variants, including: circumscribed,
linear, generalized, pansclerotic, and mixed [118]. Circumscribed morphea, which
can be superficial or deep, is most often localized to the trunk and is characterized
by three or fewer discrete, indurated plaques. While the superficial variant is limited
to the epidermis or dermis, the deep variant can affect the subcutaneous tissue
including the underlying fascia and muscle.

Generalized morphea is defined as either having four or more indurated plaques
or involving two or more body sites, typically sparing the face and hands in contrast
with scleroderma. Generalized morphea can be differentiated from systemic scle-
rosis by the lack of Raynaud’s phenomenon, digital sclerosis, or internal organ
involvement.

Linear morphea more frequently affects children and can cause significant
morbidity as it often leads to fibrosis and atrophy of the underlying tissue; when
occurring over a limb, this can lead to contractures, limb length discrepancy, and
significant functional disability. Lesions may also affect the scalp and face,
potentially leading to significant disfigurement in addition to neurologic and oph-
thalmologic complications [119, 120]. The initial lesion may appear as a discrete
plaque, which then extends longitudinally as multiple plaques that eventually
coalesce. Linear variants include the trunk/limb variant, en coup de sabre and
progressive hemifacial atrophy.

Pansclerotic morphea consists of circumferential involvement of the limbs and
the underlying subcutaneous tissue, often involving tissue down to the bone. This
deep involvement can cause atrophy and contractures, which ultimately results in
significant morbidity, making it the most debilitating form of morphea. Mixed
morphea is any combination of two or more of the above subtypes.

Histology

Histologically, early morphea is characterized by lymphocytic perivascular infil-
tration in the reticular dermis and swollen endothelial cells. Late morphea
demonstrates thickened collagen bundles involving the entire dermis and extending
into the subcutaneous fat. Additional features commonly seen include loss of
eccrine glands and blood vessels as well as “fat trapping,” where foci of fat are
trapped between bands of thickened collagen [113].
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Treatment

The treatment of morphea is mostly based on expert opinion as there have been
very few randomized controlled studies, and the approach is based on extent and
subtype of disease [117]. Treatment algorithms have been proposed by
Zwischenberger et al. and Fett et al., which are similar in that they propose
superficial morphea is best treated with localized therapy while deep or linear
morphea should be treated more aggressively. Topical therapies for superficial
morphea include tacrolimus, calcipotriene, imiquimod, or a high-potency corti-
costeroid. Other treatment options for superficial morphea include intralesional
triamcinolone and phototherapy including UVA1, nbUVB, and UVA. Both Fett
and Zwischenberger propose that initial therapy for generalized superficial morphea
is whole-body phototherapy if available [121, 122].

The treatment of deep morphea, as well as superficial morphea that continues to
progress despite the use of localized therapy, is best approached with more
aggressive systemic therapy. This includes methotrexate with or without a systemic
glucocorticoid, or mycophenolate mofetil [121, 122].

The use of methotrexate and pulsed-dose systemic glucocorticoids is commonly
employed in the pediatric setting, and a randomized trial found relapse rates to be
lower when employing this regimen as compared to prednisone alone [123].
Although similar randomized controlled trials are lacking in the adult population,
this regimen may be employed to achieve disease control when there is rapidly
progressive superficial disease or deeper involvement causing functional or cosmetic
impairment. For inactive disease, the focus should be on correcting any functional or
cosmetic defects with the use of measures such as surgery, fillers, physio- or
occupational therapy, or orthotics [122].

Sarcoidosis in Skin of Color

Sarcoidosis is a multisystem inflammatory disorder that is characterized by the
presence of noncaseating granulomas in involved tissues. Sarcoidosis predomi-
nantly involves the pulmonary system and skin, but can also affect the ocular,
cardiovascular, musculoskeletal, endocrine, and neurologic systems. Sarcoidosis is
more common, presents with more advanced disease, and has a poorer prognosis in
skin of color.

Pathogenesis

The etiology of sarcoidosis is unknown but is thought to result from an exaggerated
immune response in genetically susceptible individuals. Specifically, CD4+ T cells
accumulate at the site of active disease and are thought to interact with antigen
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presenting cells through the human leukocyte antigen (HLA) class II pathway, with
subsequent initiation of granulomatous inflammation [124]. In the HLA class II
region of chromosome 6p, the various alleles of HLA-DRB1 have been found to
have a strong association with developing sarcoidosis [125]. Several HLA alleles
are associated with increased susceptibility to disease, though these vary between
racial groups. The exception is HLA-DRB1*11:01, which is associated with a
higher risk of developing sarcoidosis across different ethnic populations [126]. The
presence of HLA-DRB1*03.01 in Europeans has been found to confer a high
likelihood of self-limited disease. Similarly, the HLA-DRB1*03:02 allele is more
likely found in American blacks with self-resolved sarcoidosis rather than persistent
disease. In contrast, the HLA-DRB1 alleles *12:01 and *11:01 result in increased
susceptibility to disease in blacks. The HLA-DRB1*08 and *09 alleles are strongly
associated with disease in Japanese patients but have less of an association in the
UK, Scandinavian, and Czech populations [124].

Incidence

In the United States, the estimated annual incidence of sarcoidosis is 10.0 per
100,000. It has been reported to be 3–4 times more common in blacks compared to
whites, and blacks have a threefold higher prevalence of family history of sar-
coidosis compared with whites [127]. A retrospective review of 311 sarcoidosis
patients in New York City reported a racial distribution of 36% white, 47% black,
and 17% Puerto Rican; in Los Angeles, the distribution in 150 patients was 11%
white, 82% black, and 7% Mexican [128]. Another retrospective study of 156
patients in South London found that the incidence of sarcoidosis in Indo-Pakistan
Asians was only slightly less than the incidence in the black West Indian/African
population [129]. Japan, in contrast, has a very low incidence and prevalence of
sarcoidosis, averaging 1.01 per 100,000 inhabitants [130]. Sarcoidosis may also
have locational, temporal, and occupational clustering [131]. For instance, out-
breaks of sarcoidosis have been reported in the UK, Japan, and Sweden where the
affected individuals lived within close distances of one another. Seasonal clustering
has also been noted, with increased diagnoses of sarcoidosis during the spring in
Greece and the summer in Spain and Japan. In addition, there appears to be
occupational clustering with higher percentage of cases observed in health care
workers, firefighters, and naval aircraft servicemen in the United States.

Clinical Features

There is large variability in the clinical presentation, evolution, and prognosis of
disease across individuals, thus explaining why sarcoidosis is known as the “great
mimicker”—its many manifestations can be mistaken for different disease processes
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including various primary neoplasms, metastatic disease, vasculitis, and other
granulomatous infections [132]. Most typically, sarcoidosis presents with lung and
intrathoracic lymph node involvement. The lungs are affected in approximately
90% of patients, and the most frequent presenting symptoms are cough, dyspnea, or
chest pain. Lymph node involvement results in the classic finding on chest X-ray of
bilateral hilar adenopathy. However, nearly any organ system can be involved, and
patients can present with extrathoracic manifestations.

The skin is the second most common organ affected, occurring in 25–30% of
cases reported [133]. Cutaneous sarcoidosis may occur with or without systemic
involvement, and there is a wide range of associated cutaneous findings
(Table 12.1) [134, 135]. Cutaneous lesions of sarcoidosis can be classified as
specific, showing noncaseating granulomas histologically, or nonspecific, in which
noncaseating granulomas are not seen. Proper identification of specific skin lesions
is necessary as certain variants can determine prognosis [133, 136]. Skin plaques
(large erythematous lesions that appear predominantly on the head, limbs, and
back), lupus pernio (violaceous firm plaques that occur on the cheeks, nose, and
ears), and ichthyosiform sarcoidosis are associated with more severe systemic
involvement and chronic disease, whereas maculopapules, subcutaneous nodules,
and scar sarcoidosis tend to have a more benign or acute course. Erythema nodo-
sum, a nonspecific manifestation of sarcoidosis presenting as erythematous tender
nodules on the anterior lower extremities, usually represents benign disease and
generally self-resolves [124]. An acute form of sarcoidosis, called Lofgren’s
Syndrome, is characterized by hilar lymphadenopathy, fever, erythema nodosum,
and polyarthralgia.

Cutaneous findings can be affected by ethnicity and gender. Ulcerative lesions
are more likely to occur in blacks and women than in whites and men [138]. Lupus
pernio also occurs most commonly in black women [139]. Patients with darker skin
also have a higher rate of hypopigmented sarcoid lesions. Erythema nodosum, in
contrast, is seen significantly less frequently in black or Asian patients as compared
to white patients and those of European, Puerto Rican, and Mexican descent
[128, 129, 139]. Subcutaneous nodules also tend to occur more often in whites than
those with skin of color [16].

Sarcoidosis can involve any organ system, particularly the ocular, cardiovas-
cular, musculoskeletal, endocrine, and neurologic systems. Ocular sarcoidosis can
involve any part of the eye and its adnexal tissues, but most commonly presents as
uveitis, dry eye, and conjunctival nodules. Ocular disease occurs more frequently in
women, blacks, and Japanese [137, 140]. In cardiac sarcoidosis, granulomatous
inflammation and infiltration can affect any part of the heart. Clinically, it can
present with arrhythmias, conduction defects, or sudden death, but a greater per-
centage of patients do not exhibit any symptoms [141]. The incidence of cardiac
sarcoid granulomas and cardiac sarcoidosis-induced death was several times higher
in the Japanese compared with Blacks and Whites [142]. Musculoskeletal symp-
toms generally include polyarthralgias or polyarthritis and neurologic involvement
may affect the cranial nerves, hypothalamus, and pituitary gland [143].
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Table 12.1 Cutaneous manifestations of sarcoidosis

Variant Nonspecific
versus
specific

Description Unique characteristics

Calcifications Nonspecific Subcutaneous calcium
deposits

Reflects calcium
homeostasis dysregulation
that occurs in sarcoidosis

Erythema
nodosum

Nonspecific Tender, palpable, and
erythematous nodules that
appear predominantly on the
anterior lower extremities

Nail clubbing Nonspecific Thickening of the distal
fingers resulting in a
Lovibond angle (the angle
between the nail plate and
the proximal nail fold) that is
greater than 180°

Prurigo
nodularis

Nonspecific Pruritic nodules that usually
affect the extensor surfaces
of the limbs

Hypopigmented
lesions

Specific Hypopigmented macules,
papules, or nodules

Typically occur in darker
skinned patients

Ichthyosiform Specific Large hyperpigmented
polygonal scaling plaques
that typically affects the
anterior surface of the lower
extremities

Majority of patients will
have or develop systemic
symptoms. Very rare

Lupus pernio Specific Indurated red-brown
edematous changes on nose,
cheeks, and ears

Most common in black
women. Often associated
with involvement of sinuses
and oropharynx. Usually
portends chronic and
treatment-resistant course

Papules and
plaques

Specific Small, firm, red-brown to
violaceous lesions that can
be localized or generalized

Most common cutaneous
finding. Apple jelly color on
diascopy. Plaques infiltrate
more deeply and can cause
more scarring

Psoriasiform Specific Erythematous or
hyperpigmented scaling
plaques that predominantly
affect the lower extremities

More commonly affects
darker skinned individuals.
Heals with scarring

Scar sarcoidosis Specific Scars or areas of previous
skin trauma (injection,
tattoos) become thickened
and develop a more
erythematous or violaceous
hue

Isolated scar sarcoidosis
usually self-resolves

(continued)
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Diagnostic Workup and Histology

The elaboration of standard diagnostic criteria for sarcoidosis is challenging due to
the high variability in clinical manifestations. At the present time, diagnosis is based
on the following: (1) a compatible clinical and radiologic presentation, (2) histo-
logic evidence of noncaseating granulomas, and (3) exclusion of other diseases with
similar findings, such as infections or malignancy [144]. Chest radiography can be
used to stage sarcoidosis, with stage 0 correlating with normal findings and stage IV
representing pulmonary fibrosis.

Because cutaneous sarcoidosis has such a wide variety of morphologies that can
mimic many other diseases, a skin biopsy is the diagnostic tool of choice. The most
common histopathologic finding is a discrete noncaseating granuloma consisting of
highly differentiated mononuclear phagocytes (such as epithelioid cells and giant
cells) and lymphocytes [145]. These granulomas tend to have CD4+ lymphocytes
in the central zone and CD8+ lymphocytes in the periphery, and they may develop
fibrotic changes that begin in the periphery and move towards the center. Focal
coagulative necrosis may also be seen within the granulomas. However, similar
histologic features may be seen in other mycobacterial infections and some vas-
culitic disorders. In addition, not all sarcoid lesions have these histological findings
—nonspecific cutaneous sarcoidosis lesions do not contain granulomas and are
thought to represent a reactive process [146]. Thus, it is important to corroborate the
histopathology with clinical findings consistent with sarcoidosis, as well as to
exclude other disorders.

Laboratory tests are generally neither sensitive nor specific but can offer addi-
tional information that may aid in diagnosis. The complete blood count in sar-
coidosis may show leukopenia, anemia, thrombocytopenia, or pancytopenia. In
addition, both hypercalcemia and hypercalciuria can be seen secondary to secretion
of 1,25 vitamin D by noncaseating granulomas. Men are more likely to have
difficulties with calcium homeostasis than women and present with an elevated

Table 12.1 (continued)

Variant Nonspecific
versus
specific

Description Unique characteristics

Subcutaneous
nodules
(Darier-Roussy
sarcoidosis)

Specific Firm mobile nodules that
predominantly affect the
trunk and upper extremities.
Typically painless

Rare overall. Affects whites
more than skin of color

Ulcerative Specific Ulcers with hyperpigmented
or violaceous borders that
can develop de novo or in
existing cutaneous sarcoid
lesions

Rare. More common in
women and blacks

Data from [133, 137]
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urinary calcium/Cr ratio rather than hypercalcemia [147]. Noncaseating granulomas
also secrete angiotensin converting enzyme (ACE) and serum ACE levels are
elevated in approximately 70% of patients. However, there is a high false-positive
rate associated with serum ACE and thus elevated levels are not diagnostic of
disease [147].

Additional testing varies based on the suspected organs involved. Cardiac sar-
coidosis can exhibit conduction abnormalities on electrocardiogram ranging from
benign arrhythmias to high-degree heart block [148]. Liver enzymes and alkaline
phosphatase may be elevated, and pulmonary function testing can show a restrictive
pattern with a decreased forced vital capacity (FVC) and diffusion impairment [147].

Morbidity and Mortality

The major causes of death are from cardiac and pulmonary complications. There is
a striking racial difference in prognosis and mortality. Blacks tend to present with
sarcoidosis at a younger age, have a more severe disease course, such as pulmonary
fibrosis and cardiac involvement, and have more extrathoracic involvement than
whites [149]. Similarly, Indo-Pakistan Asians were found to have more extratho-
racic manifestations and more severe disease than Caucasians at presentation [129].
Mortality ranges from 1 to 8%, though this varies greatly depending on age, eth-
nicity, and gender. Mortality is highest in African Americans, women, and in older
populations, with African Americans being eight times more likely to die from
sarcoidosis-related causes as well as dying at a younger age [150, 151].

Treatment

Treatment is not always necessary as sarcoidosis can self-resolve or remain stable.
Cutaneous sarcoidosis can be treated if manifestations are cosmetically distressing
or symptomatic [152]. For rapidly progressive, generalized, or highly disfiguring
disease, systemic corticosteroids can be started at 20–60 mg per day until the
patient achieves good clinical response then tapered down to the lowest effective
dose. Adjunctive therapy such as corticosteroid-sparing agents or intralesional and
topical steroids may accelerate tapering or lower the needed maintenance dose of
systemic corticosteroids. There is a lack of strong evidence supporting the efficacy
of topical corticosteroids in treating cutaneous sarcoidosis, and intralesional
injections of triamcinolone acetonide at concentrations of 3–20 mg/mL repeated
every 3–4 weeks may be more effective than topicals. Other therapies include
antimalarials (such as hydroxychloroquine and chloroquine), methotrexate, and
tetracyclines, though there is limited evidence demonstrating their effectiveness.
TNF-alpha antagonists are another potential therapy as TNF-alpha is critical for the
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formation and maintenance of granulomas. Symptom improvement has been
reported after treatment in recalcitrant systemic and cutaneous sarcoidosis, and it
may be useful as a second-line agent [153].

Indications for treatment of extracutaneous sarcoidosis include ocular disease,
cardiac sarcoidosis, neurosarcoidosis, unremitting hypercalcemia, and progressive
organ involvement [152]. For pulmonary disease, oral corticosteroids are the
mainstay of treatment though they may not improve patient-oriented outcomes or
affect disease progression [144]. Cardiac or neurosarcoidosis may require higher
doses [145]. For steroid-refractory disease or medication toxicity, the use of
immunosuppressive and biologic agents may be required [131].

Conclusion

Autoimmune and connective tissue diseases have unique profiles in skin of color
populations with differing disease severity and prognosis compared to their
Caucasian counterparts. Disease burden at presentation, skin manifestations,
severity of disease, prognosis, and disease-specific mortality have been shown to
differ in ethnic groups when compared to Caucasians.
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Chapter 13
Disorders of Hyperpigmentation

Neeta Malviya and Amit Pandya

Disorders of hyperpigmentation appear more pronounced in individuals with skin
of color and tend to be more challenging to treat. The exaggerated response of
melanocytes in these individuals to cutaneous trauma is seen as a hallmark of skin
of color [1]. A study with 1076 dermatology patients in Saudi Arabia found pig-
ment disorders to be the fourth most common skin disease [2]. A study of 2000
Black patients in Washington, DC, found pigment disorders to be the third most
common skin disorder [3]. The majority of these patients were noted to have
post-inflammatory hyperpigmentation, with melasma being the second most fre-
quent disorder [3]. The most common causes of hyperpigmentation are
post-inflammatory hyperpigmentation, melasma, lichen planus pigmentosus, ery-
thema dyschromicum perstans, drug-induced hyperpigmentation, and metabolic
causes of hyperpigmentation.

Post-inflammatory Hyperpigmentation

Post-inflammatory hyperpigmentation (PIH) is a common acquired condition that is
the result of increased production of melanin following inflammation, trauma, or
injury to the skin (Fig. 13.1). This hyperpigmentation can be seen in numerous
cutaneous disorders ranging from acne vulgaris to drug reactions, is particularly
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pronounced in individuals of Fitzpatrick skin type IV–VI, and difficult to treat. It is
the third most common chief complaint seen in African American patients pre-
senting to dermatology [4].

Diagnosis and Clinical Presentation

Post-inflammatory hyperpigmentation presents as light brown to dark brown to
black macules or patches that are present in the same area of a previous trauma or
current trauma or inflammatory skin disorder. Lesions are typically asymptomatic.
The lesions may also appear gray to blue in color if pigmentation is present in the
dermis. The primary lesions leading to the hyperpigmentation may or may not
be clearly evident, and are the determinants of the size, shape, and distribution of
the hyperpigmentation.

Etiology

Common causes of post-inflammatory hyperpigmentation include acne vulgaris,
atopic dermatitis, psoriasis, allergic and irritant contact dermatitis, and insect bites.
Inflammatory mediators that lead to pigmentation include histamine, prostaglandins
E2 and D2, and leukotrienes C4 and D4, thromboxane-2, IL-1, IL-6, and nitric
oxide which all serve to increase the synthesis of melanin [5, 6]. Keratinocyte

Fig. 13.1 Post-inflammatory hyperpigmentation after resolution of pemphigus vulgaris
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growth factor and interleukin-1a have been shown to induce hyperpigmented
lesions and are thought to be involved in PIH [7]. There are two mechanisms
behind the increased pigmentation seen in PIH. Epidermal hyperpigmentation is
due to the increased activity of melanocytes whereas dermal hyperpigmentation
entails melanin migration from the epidermis to the dermis due to defects in the
basement membrane from an inflammatory process.

Histology

Microscopically, epidermal PIH reveals increased melanin in keratinocytes.
Dermal PIH is characterized by the presence of melanophages within the dermis.

Management

The first step in the management of post-inflammatory hyperpigmentation is
treatment of the underlying inflammatory skin disease. The use of a broad-spectrum
sunscreen in combination with avoidance of the sun is also used in treatment of PIH
as these measures prevent further darkening of the pigmented lesions. Topical skin
lightening agents, chemical peels, and laser treatments can be used in treatment as
well. Topical retinoids have shown benefit in patients with skin of color, both
tretinoin and tazarotene demonstrated significant reduction of PIH in randomized,
double-blind, controlled trials [8, 9]. Tretinoin is also thought to enhance the action
of hydroquinone. A triple combination cream containing a topical retinoid, corti-
costeroid, and hydroquinone can be used in the treatment of PIH similar to treat-
ment of melasma is discussed later. Chemical peels have shown mixed results in
clinical studies. Some studies have failed to show statistically significant
improvement in patients of darker skin types even though clinical improvement can
be seen [10]. For darker skin types, superficial chemical peels provide notable
clinical results and are well tolerated [1]. Caution should be used with chemical
peels as side effects include worsened PIH as well as irritation.

Laser treatments are another option for patients with PIH, but should be used
with great caution in patients with darker skin types. Lasers targeting pigment while
employing longer wavelengths and cooling devices are viable options for those
patients with skin of color. Considering the high risk of adverse events with
inappropriate laser use, the safest laser to treat patients with skin of color are the
long-pulsed and low-fluence Q-switched Nd:YAG (neodymium-doped yttrium
aluminium garnet) lasers. Recent studies have shown the 755 nm picosecond
alexandrine laser to be a safe and effective alternative to Q-switched lasers for
treating pigmented lesions in patients with skin of color [11]. A study of this laser in
Chinese patients showed it to be efficacious in treating benign pigmented lesions
and it was found to be associated with a much lower risk of PIH [12].
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Melasma

Melasma (chloasma), also referred to as the “mask of pregnancy,” is a chronic
acquired disorder of hyperpigmentation consisting of brown macules typically
found on sun-exposed areas of the face of women of Fitzpatrick skin types III–VI
(Fig. 13.2).

Fig. 13.2 Hispanic female
with melasma of cheek and
forehead
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Diagnosis and Clinical Presentation

Melasma consists of tan, light to dark brown, or grayish-brown hyperpigmented
macules to patches with well-defined but irregular borders found on the face in a
symmetrical distribution. The lesions most commonly present in a centrofacial
pattern but can also present less frequently in a malar and mandibular pattern [13].
Lesions can also rarely be found on the extensor aspect of the forearms as well as
on the upper middle chest. The differential diagnosis includes post-inflammatory
hyperpigmentation, acanthosis nigricans, solar lentigines, Hori nevi, and nevus of
Ota and Ito.

Etiology

The pathogenesis of melasma is not entirely understood. Sun exposure, pregnancy,
sex hormones, use of oral contraceptives, steroids, inflammation, and photosensi-
tizing drugs are known triggers. Ultraviolet radiation (UV) leads to the stimulation
of melanocytes within the involved areas of skin to produce increased melanin [14].
UV radiation is thought to be involved in the pathogenesis due to the distribution
along sun-exposed areas of the face such as the cheeks, nose, and forehead with
sparing of sun-protected areas such as the philtrum. Furthermore, the hyperpig-
mentation is noted to fade during the winter months and worsen in the summer
months. The melanocytes in melasma lesions are more biologically active com-
pared to non-lesional skin, evidenced by increased mitochondria, rough endoplas-
mic reticulum, Golgi complex, and dendrites [15]. This hyperactivity is thought to
be triggered by UV radiation.

There is also a clear genetic component to melasma as greater than 40% of
patients report having family members with the disease [16]. Melasma is found in
all ethnic groups. Regardless of this, studies have shown a higher prevalence of
melasma in more pigmented populations including Japanese, Korean, Chinese,
Indian, Pakistani, Middle Eastern, Mediterranean-African, and Hispanic individuals
[4, 17]. It is most common in patients with Fitzpatrick skin types III and IV, in
addition, 54.7% of patients with melasma in Iran, and 70.4% of Latino patients
were noted to have a family history of this disorder [18, 19].

Histology

Melasma can be divided into three main histologic patterns: epidermal, comprising
70% of cases, dermal, comprising 10–15% of cases, and mixed, which comprises
20% of cases [20]. A fourth pattern is indeterminate, which is reserved for patients
with very dark pigmentation. These patterns can be detected with a combination of
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Wood’s light exam and skin biopsy [20]. Epidermal melasma is light brown in color
and tends to have a better response to treatment with depigmenting agents com-
pared to dermal melasma which is gray-brown in appearance and less responsive to
treatment. Biopsies of melasma lesions reveal increased melanin deposition in all
layers of the epidermis along with a possible increased number of melanophages.
The number of melanocytes is not significantly changed from non-lesional skin,
however, they are larger and have an increased number of dendritic processes as
well as an increased number of melanosomes [14]. The dermal subset of melasma
contains less pigment in the epidermis compared to the epidermal subset. As all
subtypes of melasma show increased pigment deposition in both the epidermis and
dermis, the value of a Wood’s lamp examination in dictating the level of
involvement in the skin and response to treatment may be minimal [14].

Management

The treatment of melasma includes topical agents, laser treatment, light therapy, and
chemical peels. Bleaching agents containing hydroquinone are the gold standard
treatment for melasma. A combination topical agent containing hydroquinone,
tretinoin, and a topical corticosteroid is the most efficacious topical therapy for
melasma.

Azelaic acid, arbutin, kojic acid, vitamin C, and methimazole are additional skin
lightening therapies that can be used. Intralesional triamcinolone has been shown in
one study to be a more efficacious treatment for melasma compared to a combi-
nation topical agent containing hydroquinone, tretinoin, and a topical corticosteroid,
although this should be performed with caution given risks of atrophy [21].
A sunscreen with broad-spectrum UVA protection as well as protection from vis-
ible light should be used on a daily basis. The use of sunscreen moderately
improves melasma when used on its own, but when combined with bleaching
creams it serves to enhance their efficacy. Tranexamic acid, an antifibrinolytic
agent, has been shown to decrease melanogenesis and was found to be effective in a
recent retrospective study of 561 patients with melasma at a dose of 250 mg twice
daily [22]. This medication is associated with an increased risk of thrombosis,
therefore, a detailed past medical history and family history must be obtained prior
to treatment [22].

Laser and light therapy should be utilized carefully in the treatment of melasma
as it can cause side effects of irritation, hyperpigmentation, hypopigmentation, and
scarring. Intense pulse light (IPL) is another treatment modality for melasma;
however, it is associated with a high rate of recurrence as is low-fluence Q-switched
Nd:YAG laser for treating melasma [23]. Pulse dye laser can be useful in combi-
nation with topical treatment such that prolonged improvement can be seen even
following therapy. The use of laser therapy may result in both hypo- and
hyperpigmentation.
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Lichen Planus Pigmentosus

Lichen planus pigmentosus (LPP) is a rare variant of lichen planus found in patients
with darker skin pigment and presents as hyperpigmented macules and patches on
sun-exposed and flexural areas (Fig. 13.3). It is often found in patients from South
Asia, East Asia, the Middle East, and Latin America. A rare subset of this disorder
includes lichen planus pigmentosus inversus (LPP inversus), which consists of LPP
lesions in intertriginous areas.

Fig. 13.3 Lichen planus
pigmentosus

13 Disorders of Hyperpigmentation 203



Diagnosis and Clinical Presentation

The lesions of LPP present as asymptomatic, small, brown, ashy-brown or
brownish-black hyperpigmented macules to patches with a predilection for the
sun-exposed areas of the body such as the face and neck as well as flexural areas,
most commonly in skin types III–V. The distribution of lesions is most often
symmetrical; however, a linear, unilateral variant has been described. The lesions
tend to develop in middle-aged women. LPP follows a prolonged clinical course in
the form of chronic relapsing and remitting lesions that may be associated with mild
pruritus. LPP inversus presents as well-circumscribed violaceous-brownish black
macules within intertriginous areas, affecting primarily the axillae, inframammary
folds, and inguinal folds [24]. The main entity on the differential diagnosis of LPP
is erythema dyschromicum perstans (EDP), also referred to as ashy dermatosis.
While these conditions have overlapping features, EDP is distinguished by an
inflammatory phase. LPP can be distinguished from EDP by lack of an erythe-
matous border and presence of mucosal lesions. The differential diagnosis for LPP
inversus also includes erythema dyschromicum perstans in addition to acanthosis
nigricans, figurate erythema, and post-inflammatory hyperpigmentation [25].

Etiology

The etiology of LPP is yet to be elucidated. UV radiation is thought to play a role in
the pathogenesis given the distribution of lesions in sun-exposed areas as well as the
triggering of disease activity following the use of photosensitizers such as mustard
oil, hair dyes, and cosmetic fragrances [26].

Histology

Histologically, LPP exhibits a lichenoid lymphohistiocytic infiltrate in a perivas-
cular distribution located in the upper dermis and dermoepidermal junction, epi-
dermal atrophy, basal cell degeneration, as well as dermal melanophages [27]. The
histologic findings are identical for LPP inversus [28].

Management

Treating LPP can be quite difficult due to the unpredictable clinical course and
uncertain etiology. A primary mode of treatment includes the use of sunscreen
coupled with sun avoidance in order to prevent further darkening of the lesions.
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Tacrolimus has been shown to have a beneficial effect in improving the pigmen-
tation, with half of patients in one study showing lightening of lesions [29].
A combination of topical tacrolimus and oral dapsone was shown to be efficacious
in a case series of 5 patients [30]. A nonrandomized, prospective study of 27
patients showed stabilization of lesions as well as a decrease in pigmentation with
the use of low-dose isotretinoin, with stabilization of disease seen in 4–6 weeks
which was gauged by improvement in histopathologic findings [31]. Topical cor-
ticosteroids and tacrolimus have been shown to be of variable benefit in patients
with LPP inversus [32–34].

Erythema Dyschronicum Perstans

Erythema dyschromicum perstans (EDP), also referred to as ashy dermatosis, is an
acquired disorder of hypermelanosis that is found worldwide, but with a greater
prevalence in Central Americans and Asians.

Diagnosis and Clinical Presentation

EDP presents as asymptomatic, ashy brown to gray-blue, oval to irregularly shaped
macules to patches. The lesions develop slowly and are most frequently found on
the trunk with spread to the proximal upper extremities and neck. The lesions tend
to be asymptomatic, however mild pruritus can occur. Early lesions can have a
raised, erythematous border and this serves as a distinguishing feature between
lichen planus pigmentosus. The clinical course of EDP is chronic with slow pro-
gression, and regression does not usually occur in adults though it has been seen in
some studies of children [35]. EDP can present across the spectrum of ages, but
tends to be rarer in children and has a predilection for the second decade of life. It is
unclear whether a gender predilection exists as some studies have noted both
genders to be equally affected while others note an increased prevalence in women
[36–38]. An HLA-DR4 association was found in Mexican patients with EDP, and
this may suggest a genetic susceptibility [36].

Etiology

The cause of EDP remains unknown, though associations have been noted.
Previous reports have shown a relation with the consumption of ammonium nitrate,
oral contrast media, certain pesticides, and medications. Malfunctioning
cell-mediated immunity involving cell adhesion and activation molecules is also
thought to be involved in the pathogenesis of EDP, and that an antigen response
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leads to its development [39]. The predominance of CD8+ T cells in the dermis
along with HLA-DR and ICAM-1 positivity in the epidermal keratinocytes points
to this mechanism, along with the exocytosis of cutaneous lymphocyte antigen
positive cells in the basement membrane zone [39].

Histology

EDP is characterized by a dermal lymphocytic infiltrate, the presence of melano-
phages, the vacuolization of the basement membrane zone, colloid bodies, and the
exocytosis of lymphocytes [39]. The lymphocytic infiltrate is noted to be perivas-
cular in contrast with lichen planus and its subsets [40]. EDP lesions also have
increased expression of ICAM-1 (CD54), which suggests an underlying inflam-
matory etiology of the disease. Inactive lesions present later in the course of the
disease show an increased number of dermal melanophages with an absence in
basal cell layer changes. Furthermore, later lesions have a reduced dermal lym-
phocytic infiltrate as compared to early lesions.

Management

The treatment of EDP is challenging as the efficacy of various modalities is quite
variable. Presently, there are no randomized controlled trials for EDP therapies.
Clofazimine, corticosteroids, dapsone, and vitamin A have all been used with
varying degrees of success. The management of EDP can also include the use of
topical tacrolimus, which was shown in a two-patient case series to resolve all
lesions within 3 months and prevented recurrence [38]. The mechanism for the
efficacy of tacrolimus in EDP is thought to be related to its immunomodulatory
effects in relation to the malfunctioning cell-mediated immunity postulated to be
causing EDP.

Drug-Induced Hyperpigmentation

A wide variety of medication and chemical exposure can lead to the development of
hypermelanosis with resolution seen upon discontinuation of the drug or exposure.
It accounts for 10–20% of cases of acquired hyperpigmentation [41]. A prolonged
course can be seen particularly in skin of color leading to cosmetic disfigurement.
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Diagnosis and Clinical Presentation

Systemic and topical medications can both lead to hyperpigmentation in the skin,
and therefore it is crucial to obtain a detailed medication history from patients. The
drugs most often associated with hyperpigmentation reactions include chemother-
apy agents, antimalarials, nonsteroidal anti-inflammatory drugs, amiodarone,
antipsychotic drugs, antiepileptics, tetracycline antibiotics, and heavy metals
(Table 13.1). The resulting pigmentation can be discrete and well circumscribed or
diffuse. If sun exposure is also involved in the development, it is referred to as a
phototoxic reaction. Exposure to certain foods and plants in conjunction with
exposure to sunlight produces a similar response, which is called phytophotoder-
matitis. Typically, patients who exhibit drug-induced hyperpigmentation demon-
strate a diffuse hypermelanosis. The hyperpigmentation may be preceded by
erythema, representing an allergic reaction. Drug-induced hyperpigmentation can
also initially present as a bullous reaction in sun-exposed areas due to inflammation.
The clinical features of drug-induced hyperpigmentation are quite varied and
depend upon the triggering substance along with the location of the pigment within

Table 13.1 Medications or
chemicals that cause direct
hyperpigmentation

ACTH/MSH Hydroxychloroquine

Arsenic Hydroxyurea

Amiodarone Imatinib

Amitriptyline Imipramine

Azidothymidine Iron

Bismuth Lead

Bleomycin Mechlorethamine

Busulfan Mercury

Carmustine Methotrexate

Chloroquine Minocycline

Chlorpromazine Nitrogen mustard (topical)

Clofazimine Non-steroidal anti inflammatory drugs

Cyclophosphamide Oral contraceptives

Dactinomycin Phenothiazines

Daunorubicin Phenacetin

Desipramine Procarbaine

Diltiazem Psoralens

Dioxins Quinacrine

Doxorubicin Silver

5-Fluorouracil Thioridazine

Gold Zidovudine

Hydantoins
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the skin. A wide range of patterns and colorations exist and these may sometimes be
associated with that of the inciting drug.

Diltiazem, for example, produces a gray to brownish-gray discoloration in
photodistributed areas. This drug reaction has a predilection for patients with skin
types IV–VI, individuals of African American and Asian descent are much more
likely to experience this discoloration [42]. Distinguishing hyperpigmentation in a
patient with a darker skin type can be difficult due to the need to differentiate the
normal pigment from the abnormal coloration. The differential diagnosis for
drug-induced hyperpigmentation also includes melasma, Addison’s disease,
hemochromatosis, diabetes mellitus, and cirrhosis as these are all conditions linked
to pigmentary changes.

Etiology

The pathogenesis of drug-induced hyperpigmentation is varied depending upon the
implicated substance. One mechanism is the accumulation of melanin either in the
dermis or in the dermal macrophages, which is a result of increased production from
melanocytes due to stimulation from the drug or from a lack of melanin clearance
due to complex formation. A second mechanism entails the accumulation of the
offending medication itself within the skin in the form of granules or within
macrophages in the dermis. A third mechanism for drug-induced hyperpigmenta-
tion entails the synthesis of unique pigments as a direct result of the drug, an
example of which is lipofuscin. A fourth mechanism for drug-induced hyperpig-
mentation is the damage of dermal vessels by the medication, which results in the
extravasation of red blood cells into the dermis, leading to the deposition of
hemosiderin.

Histology

Drug-induced hyperpigmentation is variable in its histologic appearance. Pigment is
usually found to be concentrated in dermal macrophages, but can also be found in a
free form. The pigment can be distributed in a distinct, recognizable pattern
depending on the culprit drug or chemical. Associated inflammation or an unusual
pigment induced by the drug, either free or included in dermal macrophages may
also be seen.

208 N. Malviya and A. Pandya



Management

The first step in management of drug or chemical induced hyperpigmentation is
discontinuation of the drug or cessation of the exposure. This will usually lead to
resolution of the discoloration. In cases where a drug cannot be stopped, adjustment
of the dose may be beneficial in reducing the risk for pigmentation. Sun exposure
should be minimized to prevent worsening of pigmentation and to prevent the
stimulation of phototoxic reactions. The use of sun protective clothing and sun-
screens should be encouraged. Phototoxic reactions can be treated with topical
lightening agents similar to the treatment of melasma such as hydroquinone along
with the use of sunscreen. The Alexandrite 755 nm laser was shown to be an
effective treatment for minocycline hyperpigmentation and resulted in resolution of
the pigmentation after 2 treatments in one study [43]. The Q-Switched 755-nm laser
was found to be an effective treatment for hemosiderin hyperpigmentation as has
the Q-switched 650-nm wavelength laser, both in case studies [44, 45].

Metabolic Causes of Hyperpigmentation

Metabolic causes are a common etiology of diffuse hyperpigmentation and include
vitamin B12 and folic acid deficiencies, cortisol deficiency, ACTH excess, dis-
ruption of thyroid function, and diabetes (Table 13.2).

Table 13.2 Metabolic causes of hyperpigmentation

Diagnosis Clinical presentation Histology Etiology

Hyperpigmentation
due to B12 and
folic acid deficiency

Typically presents
on the dorsal hands
and feet and is
particularly
prominent on the
interphalangeal
joints and terminal
phalanges.
Pigmentation can
also be present on
the oral mucosa

Increased melanin
present in basal
keratinocytes and
dermal macrophages

The pathogenesis of
hyperpigmentation due
to vitamin B12
deficiency is uncertain,
however it is postulated
that vitamin B12
deficiency causes
decreased intracellular
levels of reduced-type
glutathione, which
serves to inhibit
tyrosinase and leads to
the stimulation of
melanin production by
epidermal melanocytes
[46]

(continued)

13 Disorders of Hyperpigmentation 209



Table 13.2 (continued)

Diagnosis Clinical presentation Histology Etiology

Hyperpigmentation
due to
hypocortisolism, or
Addison’s disease

Presents in a
generalized fashion
with an increased
prominence of
normal pigment
distribution. It has a
predilection for
mucosal surfaces,
nipples, areola,
axillae, genitalia,
elbows, knees, and
palmar creases

Increased melanin
present in basal
keratinocytes and
dermal macrophages

The pathogenesis of
hyperpigmentation in
Addison’s disease is
related to the deficiency
of cortisol which leads to
increased levels of
melanocyte-stimulating
hormone (MSH) and
adrenocorticotropic
hormone (ACTH).
Paraneoplastic
production of ACTH
also leads to
hyperpigmentation, due
to the homology of alpha
MSH and the first 13
amino acids of ACTH

Hyperpigmentation
due to
hyperthyroidism

A wide spectrum of
hyperpigmentation
can be seen in
hyperthyroidism.
These patients can
present with
localized or
generalized
distribution of
hyperpigmentation
that can be clinically
similar to that seen in
Addison’s disease

Hemosiderin
pigment was noted
to be present around
dermal vasculature
and sweat glands in
two cases of
Japanese patients
[47]. The presence of
basal cell
hypermelanosis was
also noted

Hyperpigmentation in
hyperthyroidism is
thought to be the result
of perivascular
hemosiderin deposition
in the dermis.
A hypothesis as to why
this occurs is the
increased capillary
fragility in
thyrotoxicosis leading to
extravasation of red
blood cells [48]

Diabetic
dermopathy

Presents as atrophic,
light brown to
reddish,
hyperpigmented
macules to patches
with a predilection
for the extensor
surfaces of the lower
extremities. Red
macules, papules
or plaques may also
be present
along with the
hyperpigmentation

Atrophy of rete
ridges in the
epidermis along with
hyperkeratosis with a
variable amount of
pigment in basal
cells. The papillary
dermis reveals
telangiectasias,
fibroblast
proliferation, hyaline
mircroangiopathy,
extravasated
erythrocytes, and
hemosiderin deposits

The pathogenesis of
diabetic dermopathy
currently remains
unknown. The
hyperpigmented
appearance of the lesions
is the result of the
extravasation of red
blood cells which leads
to hemosiderin
deposition, a similar
mechanism to the
hyperpigmentation seen
in hyperthyroidism

(continued)
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Conclusion

Disorders of hyperpigmentation range widely in their etiologies, but much overlap
can be observed in their treatment. Treatment of these disorders in patients with
skin of color continues to pose a challenge, but advancements in laser therapy and
oral agents have added to the dermatologist’s armamentarium. An understanding of
pathophysiology and treatment of hyperpigmentation is important, particularly in
this population in which it is a very common chief complaint and a source of
psychological and emotional distress that negatively impacts the quality of life of
patients. As more research is performed on the underlying causes of these disorders,
more targeted and efficacious therapies may be discovered.

References

1. Grimes PE. Management of hyperpigmentation in darker racial ethnic groups. In: Seminars in
cutaneous medicine and surgery, vol. 2. WB Saunders; 2009. p. 77–85.

2. Alakloby OM. Pattern of skin diseases in Eastern Saudi Arabia. Saudi Med J. 2005;26
(10):1607–10.

3. Halder RM, Grimes PE, McLaurin CI, Kress MA, Kenney JA Jr. Incidence of common
dermatoses in a predominantly black dermatologic practice. Cutis. 1983;32(4):388, 390.

4. Taylor SC. Epidemiology of skin diseases in ethnic populations. Dermatol Clin. 2003;21
(4):601–7.

Table 13.2 (continued)

Diagnosis Clinical presentation Histology Etiology

Acanthosis
nigricans

Presents as
hyperpigmented
plaques with a
velvet-like
appearance which is
the result of
thickened superficial
epithelium. It
commonly presents
in the skin folds such
as the neck, axilla,
and groin and can be
associated with
acrochordons

Characterized by
hyperkeratosis and
papillomatosis along
with mild acanthosis
[49]. The
hyperpigmented
appearance of the
lesions is the result
of the hyperkeratosis
even though some
hyperpigmentation
may be present in the
basal layer

Insulin resistance results
in hyperinsulinemia,
which leads to increased
amounts of insulin
interacting with
insulin-like growth
factor-1 receptors
(IGFR). Increased
binding of insulin to
these receptors results in
the proliferation of
keratinocytes and
fibroblasts [50]. This
leads to the
hyperkeratosis that gives
the hyperpigmented
appearance of these
lesions

13 Disorders of Hyperpigmentation 211



5. Tomita Y, Maeda K, Tagami H. Melanocyte-stimulating properties of arachidonic acid
metabolites: possible role in postinflammatory pigmentation. Pigment Cell Res. 1992;5
(5):357–61.

6. Davis EC, Callender VD. Postinflammatory hyperpigmentation a review of the epidemiology,
clinical features, and treatment options in skin of color. J Clin Aesthetic Dermatol. 2010;3(7).

7. Cardinali G, Kovacs D, Picardo M. Mechanisms underlying post-inflammatory hyperpig-
mentation: lessons from solar lentigo. Ann Dermatol Venereol. 2012;139(Suppl 4):S148–52.
doi:10.1016/s0151-9638(12)70127-8.

8. Grimes P, Callender V. Tazarotene cream for postinflammatory hyperpigmentation and acne
vulgaris in darker skin: a double-blind, randomized, vehicle-controlled study. Cutis. 2006;77
(1):45–50.

9. Bulengo-Ransby SM, Griffiths CE, Kimbrough-Green CK, Finkel LJ, Hamilton TA, Ellis CN,
Voorhees JJ. Topical tretinoin (retinoic acid) therapy for hyperpigmented lesions caused by
inflammation of the skin in black patients. N Eng J Med. 1993;328(20):1438–43.

10. Burns RL, Prevost-Blank PL, Lawry MA, Lawry TB, Faria DT, Ftvenson DP. Glycolic acid
peels for postinflammatory hyperpigmentation in black patients. Dermatol Surg. 1997;23
(3):171–5.

11. Levin MK, Ng E, Bae YS, Brauer JA, Geronemus RG. Treatment of pigmentary disorders in
patients with skin of color with a novel 755 nm picosecond, Q-switched ruby, and Q-switched
Nd:YAG nanosecond lasers: a retrospective photographic review. Lasers Surg Med. 2016;48
(2):181–7.

12. Chan JC, Shek SY, Kono T, Yeung CK, Chan HH. A retrospective analysis on the
management of pigmented lesions using a picosecond 755-nm alexandrite laser in Asians.
Lasers Surg Med. 2016;48(1):23–9.

13. Pandya AG, Guevara IL. Disorders of hyperpigmentation. Dermatol Clin. 2000;18(1):91–8.
14. Grimes PE, Yamada N, Bhawan J. Light microscopic, immunohistochemical, and ultrastruc-

tural alterations in patients with melasma. Am J Dermatopathol. 2005;27(2):96–101.
15. Kang WH, Yoon KH, Lee ES, Kim J, Lee KB, Yim H, Sohn S, Im S. Melasma:

histopathological characteristics in 56 Korean patients. Br J Dermatol. 2002;146(2):228–37.
16. Handel AC, Miot LDB. Melasma: a clinical and epidemiological review. 2014;89(5):771–82.
17. Sheth VM, Pandya AG. Melasma: a comprehensive update: part I. J Am Acad Dermatol.

2011;65(4):689–97; quiz 698.
18. Goh C, Dlova C. A retrospective study on the clinical presentation and treatment outcome of

melasma in a tertiary dermatological referral centre in Singapore. Singapore Med J. 1999;40
(7):455–8.

19. Vázquez M, Maldonado H, Benmamán C, Sanchez JL. Melasma in men. Int J Dermatol.
1988;27(1):25–7.

20. Rigopoulos D, Gregoriou S, Katsambas A. Hyperpigmentation and melasma. J Cosmet
Dermatol. 2007;6(3):195–202.

21. Eshghi G, Khezrian L, Esna Ashari F. Comparison between Intralesional triamcinolone and
Kligman’s formula in treatment of melasma. Acta Med Iranica. 2016;54(1):67–71.

22. Lee HC, Thng TG, Goh CL. Oral tranexamic acid (TA) in the treatment of melasma: a
retrospective analysis. J Am Acad Dermatol. 2016;75(2):385–92.

23. Hofbauer Parra CA, Careta MF, Valente NY, de Sanches Osorio NE, Torezan LA. Clinical
and histopathologic assessment of facial melasma after low-fluence Q-switched
neodymium-doped yttrium aluminium garnet laser. Dermatol Surg: Official Publication for
American Society for Dermatologic Surgery [et al]. 2016;42(4):507–12.

24. Pock L, Jelínková L, Drlík L, Abrhámová S, Vojtechovská Š, Sezemská D, Borodácová I,
Hercogová J. Lichen planus pigmentosus–inversus. J Eur Acad Dermatol Venereol. 2001;15
(5):452–4. doi:10.1046/j.1468-3083.2001.00347.x.

25. Barros HR. Lichen planus pigmentosus inversus. 2013;88(6 Suppl 1):146–9.
26. Kanwar A, Dogra S, Handa S, Parsad D, Radotra B. A study of 124 Indian patients with

lichen planus pigmentosus. Clin Exp Dermatol. 2003;28(5):481–5.

212 N. Malviya and A. Pandya

http://dx.doi.org/10.1016/s0151-9638(12)70127-8
http://dx.doi.org/10.1046/j.1468-3083.2001.00347.x


27. Rieder E, Kaplan J, Kamino H, Sanchez M, Pomeranz MK. Lichen planus pigmentosus.
Dermatol Online J. 2013;19(12).

28. Murzaku EC, Bronsnick T, Rao BK. Axillary lichen planus pigmentosus-inversus:
dermoscopic clues of a rare entity. Diagnosis: lichen planus pigmentosus (LPP). J Am
Acad Dermatol. 2014;71(4):e119–20.

29. Al-Mutairi N, El-Khalawany M. Clinicopathological characteristics of lichen planus
pigmentosus and its response to tacrolimus ointment: an open label, non-randomized,
prospective study. J Eur Acad Dermatol Venereol. 2010;24(5):535–40.

30. Verma P, Pandhi D. Topical tacrolimus and oral dapsone combination regimen in lichen
planus pigmentosus. Skinmed. 2015;13(5):351–4.

31. Muthu SK, Narang T, Saikia UN, Kanwar AJ, Parsad D, Dogra S. Low-dose oral isotretinoin
therapy in lichen planus pigmentosus: an open-label non-randomized prospective pilot study.
Int J Dermatol. 2016;55(9):1048–54.

32. Mohamed M, Korbi M, Hammedi F, Youssef M, Soua Y, Akkari H, Lahouel I, Belhadjali H,
Zili J. Lichen planus pigmentosus inversus: a series of 10 Tunisian patients. Int J Dermatol.
2016;55(10):1088–91.

33. Bennassar A, Mas A, Julia M, Iranzo P, Ferrando J. Annular plaques in the skin folds: 4 cases
of lichen planus pigmentosus-inversus. Actas Dermo-Sifiliograficas. 2009;100(7):602–5.

34. Gaertner E, Elstein W. Lichen planus pigmentosus-inversus: case report and review of an
unusual entity. Dermatol Online J. 2012;18(2):11.

35. Silverberg NB, Herz J, Wagner A, Paller AS. Erythema dyschromicum perstans in prepubertal
children. Pediatr Dermatol. 2003;20(5):398–403.

36. Correa MC, Memije EV, Vargas-Alarcon G, Guzman RA, Rosetti F, Acuna-Alonzo V,
Martinez-Rodriguez N, Granados J. HLA-DR association with the genetic susceptibility to
develop ashy dermatosis in Mexican Mestizo patients. J Am Acad Dermatol. 2007;56(4):
617–20.

37. Schwartz RA. Erythema dyschromicum perstans: the continuing enigma of Cinderella or ashy
dermatosis. Int J Dermatol. 2004;43(3):230–2.

38. Mahajan VK, Chauhan PS, Mehta KS, Sharma AL. Erythema dyschromicum perstans:
response to topical tacrolimus. Indian J Dermatol. 2015;60(5):525.

39. Vasquez-Ochoa LA, Isaza-Guzman DM, Orozco-Mora B, Restrepo-Molina R, Trujillo-Perez
J, Tapia FJ. Immunopathologic study of erythema dyschromicum perstans (ashy dermatosis).
Int J Dermatol. 2006;45(8):937–41.

40. Gadenne BM, Camisa C. Lichenoid dermatitides (lichen planus, keratosis lichenoides and
erythema dischromicum perstans). Cutan Med Surg. 1ª ed. Philadelphia: WB Saunders; 1996.
p. 241.

41. Dereure O. Drug-induced skin pigmentation. Epidemiology, diagnosis and treatment. Am J
Clin Dermatol. 2001;2(4):253–62.

42. Campbell M, Ahluwalia J, Watson AC. Diltiazem-associated hyperpigmentation. J Gen Intern
Med. 2013;28(12):1676.

43. Nisar MS, Iyer K, Brodell RT, Lloyd JR, Shin TM, Ahmad A. Minocycline-induced
hyperpigmentation: comparison of 3 Q-switched lasers to reverse its effects. Clin Cosmet
Investig Dermatol. 2013;6:159–62.

44. Hamilton HK, Dover JS, Arndt KA. Successful treatment of disfiguring
hemosiderin-containing hyperpigmentation with the Q-switched 650-nm wavelength laser.
JAMA Dermatol. 2014;150(11):1221–2.

45. Gan SD, Orringer JS. Hemosiderin hyperpigmentation: successful treatment with Q-switched
755-nm laser therapy. Dermatol Surg: Official Publication for American Society for
Dermatologic Surgery [et al]. 2015;41(12):1443–4.

46. Gilliam JN, Cox AJ. Epidermal changes in vitamin B 12 deficiency. Arch Dermatol. 1973;107
(2):231–6.

13 Disorders of Hyperpigmentation 213



47. Banba K, Tanaka N, Fujioka A, Tajima S. Hyperpigmentation caused by hyperthyroidism:
differences from the pigmentation of Addison’s disease. Clin Exp Dermatol. 1999;24(3):
196–8.

48. Thomson JA. Alterations in capillary fragility in thyroid disease. Clin Sci. 1964;26:55–60.
49. Brown J, Winkelmann RK. Acanthosis nigricans: a study of 90 cases. Medicine. 1968;47

(1):33–51.
50. Cruz PD Jr, Hud JA Jr. Excess insulin binding to insulin-like growth factor receptors:

proposed mechanism for acanthosis nigricans. J Invest Dermatol. 1992;98(6).

214 N. Malviya and A. Pandya



Chapter 14
Disorders of Hypopigmentation
and Depigmentation

Trisha J. Patel, Ife J. Rodney and Rebat M. Halder

There are a vast number of disorders characterized by hypopigmentation or
depigmentation that can be simply subdivided into one of two main categories
based on pathogenesis: those that are melanopenic, referring to disorders of
decrease pigment production; and those that are melanocytopenic, characterized by
a reduction or an absence of melanocytes. Clinically, melanopenic processes pre-
sent as lightening of the skin, whereas melanocytopenic processes present as milky
white discoloration, with accentuation of affected areas on illumination with
Wood’s lamp, which is a handheld ultraviolet A (UVA) emitting device. In this
chapter, those disorders of hypopigmentation and depigmentation that are clinically
relevant, including tinea versicolor (TV), idiopathic guttate hypomelanosis (IGH),
pityriasis alba (PA), postinflammatory hypopigmentation, hypopigmented variant
of mycosis fungoides (MF), progressive macular hypomelanosis (PMH), piebald-
ism, oculocutaneous albinism (OCA) type 2B, and vitiligo will be discussed.

Tinea Versicolor

Tinea versicolor (TV), formally known as pityriasis versicolor, is a superficial
infection caused by the fungus Pityrosporum ovale (also known as Microsporum
furfur, Malassezia furfur, or Pityrosporum orbiculare) that manifests as hypopig-
mented or hyperpigmented, ivory to tan, slightly scaly macules and patches pre-
dominantly on the trunk, arms, neck, and face. Although there is no known racial
predilection [1], the dyschromia that results from the infection is more apparent in
skin of color due to the greater contrast between the individual’s normal skin and
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the affected areas. The pathogenesis of TV can be classified as both melanopenic
and melanocytopenic, attributed to the organism’s lipoxygenase property. The
process by which P. ovale oxidizes oleic acid to azelaic acid has been shown to
inhibit tyrosinase and damage melanocytes in tissue cultures [2]. It is also known
that P. ovale acts on unsaturated fatty acids to produce lipoperoxidases that are
theorized to be toxic to melanocytes, leading to depigmentation [3]. Some authors
have hypothesized that that the abnormally small melanosomes seen within TV
lesions in conjunction with lipids in the stratum corneum allow for the dispersion of
ultraviolet light, which is partly responsible for the hypopigmentation that is
observed [3–5]. On histology, TV changes are mild and consist of hyperkeratosis
and slight acanthosis with round, budding yeast with short, septate hyphae in the
stratum corneum. In hypopigmented lesions, the basal layer will display reduced
numbers of melanosomes [6]. In the superficial dermis, a slight perivascular lym-
phohistiocytic infiltrate may be observed. Diagnosis is typically made clinically.
Examination of affected skin with Wood’s lamp displays a greenish hue, and
potassium hydroxide (KOH) preparation of the scale of a lesion shows the char-
acteristic “spaghetti and meatballs” appearance, representing hyphae and spores.
First line treatments include topical antifungal shampoos, creams, or lotions, such
as selenium sulfide, terbinafine, or ketoconazole. Oral antifungal agents such as
ketoconazole, fluconazole, and itraconazole have also been shown to be effective.
Interestingly, oral terbinafine has not displayed efficacy in treatment of TV.
Prophylactic therapy may be helpful in cases of relapse such as once monthly
application of 2% ketoconazole shampoo to the affected area for 10–15 min, fol-
lowed by rinsing. It is important to note, that even after the fungal infection has
cleared, it may take many months for the hypopigmentation to resolve which can be
of great concern in patients of color. The resulting hypopigmentation can be treated
with phototherapy including narrow band ultraviolet B (UVB) or topical psoralen
with UVA therapy.

Idiopathic Guttate Hypomelanosis

Idiopathic guttate hypomelanosis (IGH) is a common acquired leukoderma of
unclear etiology. It occurs in individuals of all races but is more apparent in skin of
color and has a female predominance. IGH has been reported to occur in up to 80%
of people over the age of 70 years old with lesions increasing over time [7].
Typically, lesions present as less than 5 mm, symmetric, discrete, asymptomatic,
porcelain-white macules distributed most commonly on the extensor surfaces of the
extremities, but can also involve the trunk and rarely the face (Fig. 14.1). Once
formed, they do not spontaneously regress [8]. The exact pathogenesis is unknown;
however, genetic and racial factors, trauma, and autoimmunity have all been pos-
tulated [7]. Additionally, IGH has been hypothesized to be induced by UV exposure
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and can be considered a form of skin photoaging, especially in darker racial and
ethnic groups [7]. IGH is classified as both a melanopenic and melanocytopenic
process, owing to decreased tyrosinase activity, lower levels of melanin and fewer
melanocytes as detected by electron microscopy [9–11]. There are two variants of
IGH, the first being actinic IGH in which sunlight plays a role in the distribution of
lesions on the body, and the second, hereditary IGH that usually affects darker
skinned individuals on sun-protected areas of the body. On histology, there is a
flattening of the rete ridges with marked reduction in melanosomes which are
irregularly distributed. A significant reduction in the number of DOPA-positive
melanocytes can also be observed [12]. Treatment is not necessary, but IGH can be
of cosmetic concern, especially in skin of color. Reassurance that lesions will
remain small and will not coalesce should be emphasized in patients seeking
treatment. As sun exposure may be a precipitating factor, sun protection including
sunscreens and physical barriers should be used. There is no definitive treatment;
however, anecdotal accounts of cryotherapy, intralesional corticosteroids, topical
calcineurin inhibitors, topical and oral PUVA, skin grafts, and superficial der-
mabrasion have all been reported [13–15]. Cryotherapy, the most frequently used
treatment modality, is thought to be effective through irritation of the skin, with
stimulation of subsequent migration of melanocytes from the surrounding normal
skin [14]. Caution must be exercised given the risk of leukoderma of surrounding
normal skin induced by freezing with liquid nitrogen. Histologic examination of
repigmented skin demonstrates increased DOPA-positive melanocytes compared
with untreated skin [14]. Through a similar mechanism, localized superficial der-
mabrasion has also been shown to be an effective treatment when targeting larger
surface areas [15]. There has been less success with intralesional steroid therapy
and skin grafts [7]. Cosmetic camouflage products and concealers may also be used.

Fig. 14.1 Idiopathic guttate
hypomelanosis. Multiple,
discrete, 1–5 mm,
porcelain-white macules on
the trunk
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Pityriasis Alba

Pityriasis alba (PA) is a common self-limiting eczematous disorder that presents as
hypopigmented, round to oval, scaly patches on the face, neck, and trunk, being
more apparent in the summer months. While PA has been reported in all races, there
is a predilection for individuals of African, Hispanic, and Asian origin [16]. This
disorder affects both sexes equally and is most commonly observed in children and
adolescents. Lesions consist of erythematous macules to patches with slightly raised
borders which fade over weeks and result in ill-discrete hypopigmented patches
with an overlying whitish scale. Most lesions are asymptomatic, but some patients
may complain of pruritus and burning. Although most individuals only have one or
two lesions, some patients have presented with many more lesions. There are
several variations of PA. In extensive PA, which usually affects adults, involvement
is widespread (located mostly on the trunk), symmetric, and asymptomatic. Because
there is no preceding erythema or history of atopy, some authors believe this form
of PA to be a distinct entity. In the pigmented variant of PA, involvement is much
more localized, especially on the face, and appears as bluish hyperpigmentation
surrounded by scaly hypopigmentation. The blue hue observed in pigmented PA is
attributed to melanin deposition in the dermis. A superficial dermatophyte infection
has been reported in up to 65% of patients with pigmented PA [17]. The patho-
genesis of PA remains unclear, but several mechanisms have been proposed. Given
that the prevalence of PA in the general population is estimated to be 1%, while the
prevalence in atopic patients is estimated to be up to 30%, there is believed to be a
relationship between PA and atopic dermatitis [18, 19]. PA is characterized as an
eczematous dermatitis which results in hypomelanosis after the initial inflammation
has subsided [20, 21]. The hypomelanosis that is observed in these patients is
attributed to the impairment of pigment transfer from melanocytes to keratinocytes,
in addition to a decreased number and size of melanosomes, [22]. The xerosis that
is often seen in PA is associated with a reduction in the water-holding capacity of
the stratum corneum of affected skin. Other proposed mechanisms include nutri-
tional and vitamin deficiencies such as copper deficiency, which plays a vital role in
tyrosinase activity needed for melanin synthesis [19, 23–25]. On histologic
examination, the appearance of chronic spongiotic dermatitis with decreased mel-
anin pigment in the basal layer is observed. While PA is usually asymptomatic with
the exception of mild pruritus, treatment may be warranted given the striking
appearance sometimes seen in skin of color. Management includes emollients, such
as petroleum jelly or 12% ammonium lactate lotion, as well as avoidance of
sun-exposure and hot water bathing. Other reported therapies include tar emulsions,
topical corticosteroids, topical calcineurin inhibitors, and photochemotherapy [26].
Tar emulsions twice daily have been shown to be beneficial as a melanogenic agent
and are commercially available as a 6% cream or compounded with 5 or 10% liquor
carbonis detergents (LCD) in a variety of vehicles. Topical corticosteroids have
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been used with limited success. Once weekly PUVA at a starting dose of 0.5 J/cm2

and increasing by 0.3 J/cm2 on a weekly basis as tolerated until repigmentation
occurs can also be attempted in these patients. Narrow band UVB (NB-UVB)
phototherapy at 311 nm up to three times weekly may also be used starting at
75–200 mJ/cm2, increasing by 20% with each treatment as tolerated.

Post-inflammatory Hypopigmentation

Post-inflammatory hypopigmentation (PIHypo) is an acquired pigmentary disorder
characterized by localized partial or total loss of pigmentation following a cuta-
neous inflammatory or traumatic process. While it can occur in patients of all ages
and skin types, it is more striking in those with darker skin attributable to the greater
color contrast between the affected lesions and the individual’s normal skin.
A variety of conditions may result in PIHypo including papulosquamous diseases,
such as atopic dermatitis and seborrheic dermatitis, vesiculobullous disorders, such
as herpes simplex, inflammatory conditions, including acne and pityriasis liche-
noids chronica, connective tissue dermopathies, such as lupus erythematosus, and
after exogenous trauma to the skin. The size and shape of the hypopigmented lesion
mimics the original inflammatory or traumatic dermatosis, and in severe cases,
complete depigmentation may be observed (Fig. 14.2). PIHypo can also be seen
after therapeutic interventions such as those with topical retinoids, benzoyl per-
oxide, liquid nitrogen, and procedures, such as chemical peels, dermabrasion, and
laser therapy. In PIHypo, hypopigmentation is thought to result from decreased
melanin production [27], loss or blockage of melanosome transfer, or destruction of
bystander melanocytes. One proposed mechanism is decreased melanin production
through various inflammatory mediators, such as interferon-c (IFN-c), tumor
necrosis factor-a (TNF-a), TNF-b, and interleukins (IL-6 and IL-7) [28, 29].
Another proposed theory is the blockage of melanosome transfer through epidermal
edema and rapid cell turnover. Additionally, the adhesion of leukocytes to mela-
nocytes via cell-surface expression of intracellular adhesion molecule (ICAM-1),
ultimately resulting in destruction of innocent bystander melanocytes has been
proposed [27]. Histopathological evaluation reveals decreased melanin in the epi-
dermis with a mild lymphohistiocytic infiltrate in the upper dermis. There may also
be histologic evidence of the underlying disorder. While findings are nonspecific,
histology is typically useful in excluding many dermatoses that present with
hypopigmentation, such as sarcoidosis, leprosy, and MF. PIHypo can be differen-
tiated from melanocytopenic conditions such as vitiligo with the use of Wood’s
lamp as this tool will accentuate lesions devoid of melanin but will not accentuate
lesions with melanin. However, Wood’s lamp is less helpful in severe cases of
PIHypo when melanocyte destruction occurs. Mild PIHypo may resolve within
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weeks; however, severe hypopigmentation or depigmentation may require years to
repigment, if at all. Identification of the underlying dermatosis is imperative in the
treatment and prevention of PIHypo. As long as inflammation persists, repigmen-
tation remains an obstacle. Once the inciting condition is controlled, stimulation of
melanogenesis can be attempted through the use of topical corticosteroids, topical
immunomodulators, such as tacrolimus, topical or oral PUVA, and/or NB-UVB
phototherapy. For weekly topical PUVA, 8-methoxypsoralen (8-MOP) is applied to
the hypopigmented skin at concentrations of 0.1% or lower, and after 30 min, the
patient is exposed to UVA light starting at a dose of 0.2–0.5 J/cm2 and increasing
by 0.2–0.5 J/cm2 with each treatment as tolerated [30]. In more generalized lesions,
oral PUVA at a dose of 0.3 mg/kg of 8-MOP twice weekly is used. NB-UVB
phototherapy at 311 nm up to three times weekly may also be used starting at 75–
100 mJ/cm2 and increasing by 20% with each treatment as tolerated [30].

Fig. 14.2 Postinflammatory
hypopigmentation secondary
to seborrheic dermatitis.
Multiple ill-defined,
hypopigmented macules and
patches to the face
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Mycosis Fungoides

Mycosis fungoides (MF) is the most common type of primary cutaneous T-cell
lymphoma (CTCL). This uncommon disorder usually presents as hyperpigmented
patches, plaques, nodules, and tumors presenting in the fifth and sixth decades of
life. However, the hypopigmented variant of MF (HMF) is a rare presentation that
usually occurs in younger individuals (including children and adolescents) of darker
skin types and is typically associated with an indolent clinical course [31, 32]. The
presentation may vary from an eruption of multiple hypopigmented macules to a
single large patch with multihued regions. The pathogenesis leading to the
hypopigmentation is attributed to blockage of melanosome transfer within mela-
nocytes [33]. Histologically, hypopigmented MF is identical to classic MF.
Atypical lymphocytes surrounded by a clear halo in the lower epidermis and
papillary dermis can be observed. In more advanced disease, Pautrier microabcesses
may also be detected as clusters of atypical lymphocytes in the epidermis [33].
However, unlike classic MF, immunophenotype examination usually reveals a
predominance of CD 8+ T-cells in the epidermal infiltrate as opposed to a pre-
dominance of CD 4+ T-cells. Skin biopsy with histologic confirmation is needed for
diagnosis; however, histologic findings typically are subtle and subsequently may
require serial biopsies until diagnosis can be confirmed. The initial treatment
depends on the stage of the disease as well as the general health condition and age
of the patient. Nonetheless, hypopigmented MF is treated similarly to classic MF.
For patients with an early-stage disease of the HMF, topical therapy may be suf-
ficient for treatment. Topical therapies include corticosteroids, retinoids such as
tazarotene, as well as immune response modifiers such as imiquimod. In cases
unresponsive to topical therapy or in more advanced stages of hypopigmented MF,
PUVA is a superior alternative with high success rates. NB-UVB phototherapy at
311 nm has also been shown to be effective in treating hypopigmented MF.
Additionally, NB-UVB can be used both in disease remission to prevent recurrence
as well as to aid in repigmenting affected skin patches. Other therapies that have
been tried, especially in refractory cases, include combination bexarotene and
PUVA, carmustine, and topical nitrogen mustard [34, 35]. Prognosis is generally
favorable in hypopigmented MF, especially with early disease recognition; how-
ever, while progression beyond patch stage is rare, serial monitoring for skin lesions
is recommended.

Progressive Macular Hypomelanosis

Progressive macular hypomelanosis (PMH) is a relatively common, yet
under-recognized, skin disorder characterized by ill-defined hypopigmented mac-
ules symmetrically located on the trunk and rarely the face, neck, and extremities
(Fig. 14.3). It is most commonly seen in young women of darker skin types who
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originate from tropical climates but may be seen in all ethnicities [36]. The natural
evolution of PMH, although not certain, appears to be an active phase with slow
progression over decades followed by spontaneous disappearance after mid-life
[37]. This finding is supported by the rarity of PMH to occur in the elderly. The
hypopigmented macules are asymptomatic and are not preceded by prior inflam-
mation. The exact pathogenesis of PMH is unknown, but the hypopigmentation is
believed to be due to a melanopenic process. Westerhof and Relyveld have
hypothesized that various strains of the bacteria, Propionibacterium acnes, may
produce a factor that interferes with melanogenesis and subsequently causes
hypopigmentation [37]. It is hypothesized that this Propionibacterium strain may
also produce porphyrins that causes a red follicular fluorescence seen with Wood’s
lamp examination. Histologic examination shows decreased melanin pigment in the
epidermis with a normal number of melanocytes at the basal layer. Electron
microscopic examination of patients with Fitzpatrick skin types V and VI show a
shift from large, stage IV single melanosomes in keratinocytes seen in normal skin,
to small, stage I–III aggregates of membrane-bound melanosomes seen in affected
skin [37–39]. On Wood’s lamp examination of affected skin, macular accentuation
and red follicular fluorescence is seen. The treatment of PMH is challenging and
typically delayed, which can be upsetting in those in which dyspigmentation is

Fig. 14.3 Progressive
macular hypomelanosis.
Multiple coalescing circular,
poorly defined,
hypopigmented, non-scaly
macules on the back

222 T.J. Patel et al.



more evident. There is no first line or single effective treatment for this disorder.
Given the probable bacterial etiology, therapy is typically begun with antimicro-
bials, with many reported cases of successful treatment with oral and topical
antibiotics. Furthermore, success has been observed with once daily 5% benzoyl
peroxide hydrogel with once daily clindamycin 1% lotion application in combi-
nation with NB-UVB irradiation [40]. It is hypothesized that this therapy combi-
nation allows for the inhibition of P. acnes while also stimulating melanogenesis
[37]. There are reports of improvement with PUVA phototherapy; however, upon
discontinuation, the hypopigmented lesions reoccur [41]. Patients undergoing
therapy may need maintenance treatments to prevent relapse.

Piebaldism

Piebaldism is a rare autosomal dominant disorder that affects all races and genders.
The most characteristic manifestation, seen in about 80–90% of individuals with
piebaldism, is a white forelock that is present at birth [42]. The forelock is located
on the anterior midline scalp in a triangular or diamond shaped distribution, with
depigmentation of both the affected hairs and the underlying skin. In severe cases,
depigmentation may also be observed in the medial third of the eyebrows and
eyelashes [43]. Nonprogressive leukoderma, distributed on the central forehead,
central anterior trunk, and the anterior mid-extremities may also be observed
(Fig. 14.4). Most individuals with this condition are otherwise healthy with no
systemic involvement. About 75% of individuals with piebaldism possess a
mutation in the c-kit protooncogene, which encodes tyrosine kinase transmembrane
receptors found on the surface of melanoblasts in the neural crest [44–46].
Ultimately, a mutated c-kit gene leads to a failure of melanoblast proliferation,
differentiation, and migration to their location in the skin [47]. While there have
been numerous mutation sites found in the gene coding for c-kit that result in
piebaldism, a Val620Ala mutation has been reported to result in progression of
depigmented patches, uncharacteristic of typical piebaldism [48]. In individuals that
do not possess a c-kit mutation, a mutation in the slug gene, which encodes a
zinc-finger neural crest transcription factor, has been reported [49]. The differential
diagnosis includes Waardenburg syndrome, vitiligo, Vogt-Koyanagi-Harada syn-
drome, Alezzandrini syndrome, alopecia areata, and tuberous sclerosis. While most
cases of piebaldism are isolated to cutaneous depigmentation, piebaldism is rarely
associated with other disorders such as Hirschsprung’s disease, neurofibromatosis
type 1, Grover’s disease, and deafness. On histology, piebaldism is characterized by
the absence of melanocytes in amelanotic skin. The adjacent normal skin or the
hyperpigmented macules within the depigmented skin reveals numerous melano-
somes in the melanocytes and keratinocytes. Treatment options are limited as
piebaldism rarely responds to topical medications or phototherapy. Surgical pro-
cedures such as split thickness grafts, autografts of normal skin to affected skin, and
transplantation of autologous cultured melanocytes can be used with variable
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success. Furthermore, there have been reports of successful repigmentation in
patients with piebaldism via the destruction of amelanotic skin with an erbium:
YAG laser followed by transplantation of cultured epidermal grafts [50].
Nonetheless, in all patients with this condition, aggressive sun protection should be
practiced.

Oculocutaneous Albinism

Oculocutaneous albinism (OCA) is a group of autosomal recessive genetic disor-
ders characterized by diffuse depigmentation of skin, hair, and iris due to the partial
or total absence of melanin within melanocytes [51]. Four types of OCA have been
identified. Type 1 OCA is attributed to mutations in the TYR gene resulting in
reduced or absent tyrosinase activity needed for melanin production [52]. Type 2

Fig. 14.4 Piebaldism. Large,
irregular, depigmented
patches with islands of
pigmentation to the face,
trunk, and upper extremities.
Note the midline
predominance
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OCA arises from mutations in the OCA2 or P gene located on the long arm of
chromosome 15 and encodes for the P protein [53]. While the exact function of
P protein is not fully understood, it is believed to play an integral role in melanin
synthesis and transport. Several proposed mechanisms for the role of the P protein
include a membrane transporter of substrates such as tyrosine [54], a sorter of
tyrosinase to the melanosome [55], a stabilizer of melanosomal protein complexes
[56], and a regulator in melanosomal pH [57]. Additionally, OCA2 has been
observed in approximately 1% of individuals with Prader–Willi syndrome and
Angelman syndrome, attributed to their chromosome 15 linkage [58]. Type 3 OCA
is attributed to a mutation in the TYRP1 gene which encodes the tyrosinase-related
protein 1 [59]. The exact function of this protein is unknown, but it is believed to
play a role in tyrosinase stabilization. Type 4 OCA is associated with a mutation in
the MATP or SLC45A2 gene which encodes for a membrane-associated transporter
proteins needed for normal melanin synthesis [60].

The phenotypic presentation of OCA2 is variable with a spectrum of pigmentary
changes of the hair, skin, and iris. In these individuals, eumelanin is almost com-
pletely absent, but pheomelanin is normal or increased [61]. Consequently, those
affected with this disorder have pale skin (but to a lesser degree than those affected
by OCA1), an inability to tan, blonde to brown hair, and blue eyes (most com-
monly). With time, pigmented nevi and lentigines may develop in sun-exposed
areas of the skin. It is also not unusual for patients with OCA2 to have strabismus,
nystagmus, or lack of binocular vision attributed to a misrouting of optic nerve
fibers during development [62]. OCA2 is the most common type of OCA to
develop in individuals of African descent. A variant of OCA2 known as the African
brown variant has a phenotypic appearance of light brown hair and skin with gray
to tan irides at birth [63]. The differential diagnosis of OCA2 is varied and includes
OCA1, 3, and 4, Hermansky-Pudlak syndrome, Chédiak–Higashi syndrome,
Menkes syndrome, Griscelli syndrome, Cross syndrome, Tietz syndrome,
phenylketonuria, homocystinuria, and histidinemia. On histopathologic examina-
tion, there is a reduction in melanin content, but the number of epidermal and
follicular melanocytes remains normal. There is no specific treatment for OCA, but
aggressive sun protection is mandatory. Individuals with this condition are at
increased risk of skin carcinomas [64, 65], specifically squamous cell carcinoma,
thus sun avoidance, the use of sun-protective clothing, and frequent application of
broad spectrum sunscreens and physical blockers are essential.

Vitiligo

Vitiligo is a relatively common, acquired, multifactorial disorder that results in the
destruction of mucomembranous, ocular, follicular, and cutaneous melanocytes
[66]. This disorder has been reported to affect approximately 0.5–2% of the global
population, with the highest reported prevalence in Gujarat, India, affecting 8.8% of
the population [67]. There is no gender, racial, or ethnic predilection; however, this
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condition can be more physically devastating in individuals with darker skin types
due to the greater color contrast between unaffected normal skin and affected
depigmented skin. Vitiligo can present at any age, but in nearly 50% of people
affected, onset occurs before the age of 20 [68]. Clinical features include fairly
discrete, round to oval, amelanotic macules or patches distributed anywhere on the
body (Fig. 14.5). There are three general types of vitiligo: (1) localized-further
divided into focal, segmental/unilateral, or mucosal, (2) generalized-further divided
into vulgaris, acrofacial, or mixed, and (3) Universal, involving more than 80%
body surface area. Generalized vitiligo is the most common presentation [66].
Clinical variants occur including trichrome vitiligo, quadrichrome vitiligo, blue
vitiligo, and inflammatory vitiligo. Quadrichrome vitiligo is more common in
darker skin types, defined by a tan zone between normal and depigmented skin
along with marginal or perifollicular hyperpigmentation. The exact pathogenesis of
vitiligo is not fully understood; however, it is believed that etiology is multifactorial
with genetics and autoimmunity playing large roles. The inheritance pattern can be
characterized by incomplete penetrance, multiple susceptibility loci, and genetic
heterogeneity [63]. The role of immunity is supported by the association of vitiligo
with other autoimmune endocrinopathies, such as hypo- and hyper-thyroidism,
pernicious anemia, and Addison’s disease. In new onset vitiligo patients, thyroid
screening is recommended. Other proposed mechanisms include an intrinsic defect
of melanocytes, defective free radical defenses, reduced melanocyte survival,
transepidermal melanocytorrhagy (altered melanocyte responses to stress prompting
their detachment and subsequent loss), deficiency of melanocyte growth factors,
destruction of melanocytes by neurochemical substrates, and aberrant response to
viral infections [63]. Diagnosis is almost exclusively made based on clinical
examination. On Wood’s lamp examination, there is accentuation of vitiliginous
lesions with a white fluorescence observed. Treatment modalities for vitiligo are
broad. For small, localized lesions, first line therapy includes topical corticosteroids.
If no improvement is seen within 2 months, topical steroids should be discontinued
to minimize potential adverse effects. Topical immunomodulators such as tacroli-
mus ointment can also be implemented as steroid-sparing agents. For more gen-
eralized lesions, NB-UVB or PUVA therapy are ideal treatments. NB-UVB
phototherapy is typically used two to three times weekly at a starting dose of 75–
200 mJ/cm2 and increased by 10–20% with each treatment as tolerated [69, 70].
Oral or topical psoralen with UVA light is generally conducted weekly at a starting
dose of 0.5–1 J/cm2 and gradually increasing by 0.3 J/cm2 as tolerated [69]. The
excimer laser at 308 nm twice weekly for 24–48 treatments has also been reported
to be efficacious and can work particularly well in patients with skin of color
compared to conventional phototherapy [71, 72]. For rapidly progressive disease, a
short course of systemic corticosteroids may be considered; however, guidelines on
optimal dosing parameters have not been established. In patients with stable vitiligo
lesions for approximately 4–6 months, autologous minigrafts can be implemented.
This modality involves harvesting 1–2 mm punch grafts from a donor site and
transplanting them to the recipient site at a distance of 3–4 mm apart. Other grafting
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methods include autologous thin Thiersch grafting which allows for grafting large
areas of the body via a process similar to dermabrasion and Suction-blister grafting
which involves covering depigmented skin with denuded blisters that are formed
via liquid nitrogen assault or dermabrasion [72, 73]. Lastly, autologous,
non-cultured, melanocyte-keratinocyte cell transplantation is an effective repig-
mentation technique that involves injecting normally pigmented melanocytes and
keratinocytes into the epidermis of affected skin. In patients with diffuse disease and
who fail traditional repigmentation therapies, depigmentation with topical
monobenzyl ether of hydroquinone may be beneficial. As with many individuals
affected by depigmented disorders, aggressive photoprotection is necessary. Given,
the psychologically devastating nature of the disease, physicians should have a
lower threshold to advance therapy. In addition, psychological support and coun-
seling may be necessary.

Fig. 14.5 Generalized
vitiligo. Fairly discrete,
symmetrical, large,
amelanotic patches with
surrounding smaller, round to
oval amelanotic macules to
the face, trunk, and upper
extremities. Note the
depigmentation of facial hair
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Conclusion

In this chapter, we discuss various disorders of hypopigmentation and depigmen-
tation that can affect individuals of all racial and ethnic backgrounds. We discuss
the etiology, pathogenesis, diagnosis, and management of these conditions. It is
important to remain mindful that many of these dyschromias can be long-lasting
and can pose serious physical and psychological disturbances to those affected
especially to those with darker skin tones. Fortunately, dermatological research over
the last 50 years has allowed for a better understanding and treatment of these
disorders today, with the correct identification of the primary cause of the
hypopigmentation or depigmentation, we can adequately manage these conditions
with a variety of therapies and improve the quality of life of these patients.
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Chapter 15
Keloids and Hypertrophic Scarring

Shalini Thareja and Roopal V. Kundu

Keloid and hypertrophic scarring are diseases of excessive dermal fibrosis that
occur during and beyond the wound healing process. These lesions are difficult to
treat as they have a high tendency to recur. Affected individuals often deal with
physical disfigurement, discomfort, and negative psychological impact. Keloid
scarring was initially documented in Western literature in 1806. However, the
Yoruban culture of Nigeria had described the typical characteristics of keloids in
3000 B.C. in both oral literature and art. Their descriptions demonstrated an
understanding of the genetic nature of keloids, their tendency for unchecked
growth, and their lack of response to attempted treatment [1].

Human conceptions of scarring are often deeply tied to social and cultural
beliefs. While individuals in Western societies often strive to minimize scarring,
cultures in regions throughout sub-Saharan Africa view cicatrization as a valued
symbolic process or respected ornamentation. Both men and women intentionally
prolong the healing process of inflicted wounds through regular reinjuring, packing
of wounds with foreign agents, and superficial exposure to environmental sub-
stances, such as tree sap and wood [2].

Though research is slowly elucidating the pathophysiology of this condition,
much still remains to be understood about keloid scarring and effective treatment
options.
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Epidemiology

The highest rate of occurrence of keloid scarring is between the ages of 10 and 30
years old, with men and women affected equally [3, 4]. Although keloid scarring
can occur in any skin type, it most commonly occurs in darker pigmented skin. The
highest incidence has been reported in the African and Hispanic population at 16%
[5, 6]. Rates have been found to increase during pregnancy and puberty [4].

Clinical Presentation

Keloids typically develop after trauma, including cuts, surgical wounds, burns, and
inflammatory lesions such as acne (Fig. 15.1). Spontaneous keloids also can occur.
Early on, keloid lesions are soft and erythematous. However, over time, they
become firm [7]. While darker skin type keloids tend toward hyperpigmentation,
lighter skin type keloids can be more telangiectatic [8] (Fig. 15.2).

Keloids most commonly develop on the central chest, upper back, ears, and
shoulders. Those in areas of high tension, such as the central chest, tend to be flat
and more broadly based. However, shoulder and back keloids generally grow larger
than other areas. Keloids on the face, neck, wrist, and lower extremities are less
common. The jawline, however, is still at high risk for keloid and keloid-variant
development. Scalp keloids tend to be papulonodular [9].

Fig. 15.1 Extensive firm hyperpigmented plaques on the back secondary to severe acne in a
FST V woman
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There are four morphologies of keloids that develop on the earlobe. The
button-shaped keloid is a single nodule that occurs on the anterior or posterior
aspect of the earlobe. In the dumbbell morphology, both anterior and posterior
keloid nodules are present, and a central stalk connects them. In contrast, in the
wraparound presentation, the keloid is “U-shaped” so there is no central stalk
(Fig. 15.3). Finally, the lobular form is complete replacement of the lobe by a single
large lesion due to recurrent keloids [7].

The consideration of keloids and hypertrophic scars as more than a matter of
appearance has grown in recent years, since both conditions can be quite symp-
tomatic. They can become pruritic and painful, particularly during periods of
growth. The pruritus can be attributed to the increased quantity of mast cells and
histamine within HTS and keloid tissue [10]. Twenty-five percent of affected
individuals state their symptoms are severe. Further, these symptoms can have a
negative impact on quality of life, most severely in emotional well-being. Pruritus
and pain have been found to have the strongest effect on quality of life, beyond that
of cosmetic issues such as color, thickness, and irregularity [11].

Hypertrophic Scars Versus Keloids

Hypertrophic scarring is an important clinical entity to differentiate from keloids.
Both types of conditions are triggered by injury, including cuts, surgical wounds,
burns, and inflammatory lesions such as acne [7].

Fig. 15.2 Pink brown telangiectactic and hyperpigmented multilobulated plaque in a FST III
Asian woman
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Like keloids, hypertrophic scars are elevated and often erythematous scars.
However, they typically appear pink or white and remain confined to the borders of
the original wound. Further, after a period of growth they tend to stabilize in size or
shrink over time.

On the other hand, keloids are a more aggressive form of scarring. They typi-
cally are a deep red or purple color and extend beyond the borders of the original
wound in an irregular fashion [5], giving rise to the originally described “claw-like”
borders [12]. Keloids tend to have more erratic growth patterns. Periods of stability
in size and inflammation can quickly be followed by reactivation and growth [3].

Predisposing Factors

Trauma is the most well-documented trigger for keloid development, and as such
vaccinations, tattoos, and piercings can all lead to keloid scarring. Individuals with
a predisposition to acne and keloids are at particularly high risk for keloid

Fig. 15.3 Wraparound firm
hyperpigmented auricular
keloid in a FST V man
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development on the chest, back, and jawline. Thus, it is important to aggressively
manage acne early in at-risk individuals [13].

Hormonal influences can also contribute to keloid and HTS development, which
explains their increased incidence during puberty and pregnancy [3]. Prolonged
wound healing, through infection, injury, or presence of foreign material in the
wound, can also predispose to pathologic scarring. The most important identified
extrinsic risk factor, aside from any initial inciting trauma, is mechanical tension
and strain. Scars that are perpendicularly oriented to the direction of skin tension
from underlying muscle contraction are at high risk for becoming hypertrophied. As
a result, the chest, particularly the presternal area, shoulder, and back are particu-
larly prone to the development of these scars [3]. The earlobes are also at high risk
to develop keloid scarring, likely related to the common practice of ear piercing.
Early piercing can minimize the risk in this highly reactive area.

Histology

Both keloids and hypertrophic scars are processes of increased dermal extracellular
matrix deposition. In young lesions, type III collagen predominates; however, over
time replacement with type I collagen occurs [5].

In normal skin, collagen is arranged in bundles that lie parallel to the skin surface
in an organized pattern. In hypertrophic scars, collagen bundles maintain this
directionality but are more loosely organized, shorter, and arranged in a wavy
pattern [14]. In keloids, the collagen is even less organized, with apparent loss of
bundle structure, larger fibril size, increased fibril density [15], random orientation
of collagen fibrils, and unpatterned connections between fibers [14].

Hypertrophic scars and keloids both have increased vascularity compared to
normal skin and normal scars. The vessels have greater volume density, are dilated,
and take longer and more tortuous paths in the papillary and reticular dermis [14,
16].

Hypertrophic scars have a thickened epidermis and increased cellularity [16].
Myofibroblasts are characteristically increased. Collagen, fibroblasts, and small
vessels are randomly organized within nodular structures in the deep dermis [14,
16, 17]. Both keloids and HTS have absent dermal papillae and cutaneous
appendages. In keloids, rarely, nodular collagen structures can be seen [16].

Genetics

As there are high rates of occurrence in pigmented populations, increased rates of
concordance in identical twins, and reports of familial clustering, a genetic link is
suspected for keloid scarring [18–20]. Autosomal dominant inheritance with
incomplete penetrance and variable expression is the most commonly reported
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pattern, although autosomal recessive and autosomal dominant with complete
penetrance has also been described [20–24].

Many major histocompatibility (MHC) alleles have recently been implicated in
keloid scarring, particularly DRB1*15, HLA-DQA1*0104, DQB1*0501, and
DQB1*0503 [25]. SMAD-3, 6, and 7, genes reported to be involved in other
fibrotic disorders, did not correlate with risk for keloid scarring in Jamaican patients
[18]. However, a Chinese pedigree linkage study showed keloid association with
19q21.1, potentially involving SMAD in keloid pathogenesis [26]. Other studies
have found varying levels of SMAD subtypes associated with keloids [27].
A systematic review showed several commonly significantly dysregulated genes in
keloids. The top processes controlled by the most commonly implicated genes were
related to skeletal development, biological adhesion, and cell adhesion. Meanwhile,
the top processes controlled by the gene mutations in HTS were ossification,
extracellular matrix structural constituents, and the extracellular region [28].

Pathophysiology

The pathogenesis of keloids is poorly understood. Multiple studies have shown
abnormal levels of transforming growth factor-b (TGF-b) in keloids and HTS. The
pro-scarring forms, TGF-b1, TGF-b2, and their receptors, are increased, and the
anti-scarring form, TGF-b3 and its receptor, is decreased in this tissue [29].
Fibroproliferative cytokines, such as IL-6, have increased expression and levels
[30]. Aberrant Wnt signaling and platelet-derived growth factor levels have been
found in keloids and HTS, while IL-8, homeobox13, and early growth response-1
all increase fibroplasia [31].

Other drivers may include increased levels of S100A8/9 proteins [32], elevated
p53 levels [33], high-mobility group box protein-1 (a pro-fibroblastic proliferation
cytokine), imbalanced levels of matrix metalloproteinases (collagenases), and
altered Vitamin D levels or cellular signaling relating to it [34]. Systemic hyper-
tension and elevated body mass index have also recently been postulated to con-
tribute to keloid scarring [35, 36].

In vitro, fibroblasts in the superficial and basal regions of keloids have been
found to have similar population doubling times and saturation densities as normal
fibroblasts. However, central keloid fibroblasts have half the apoptotic rate of
normal fibroblasts and reach higher cell densities [37]

Variants

Keloid variants including acne keloidalis nuchae (AKN) and pseudofolliculitis
barbae will be discussed in brief below. Please refer to the chapter on adnexal
disorders a full review.

238 S. Thareja and R.V. Kundu



Acne Keloidalis Nuchae

AKN is a keloid variant that was initially coined in 1869 as dermatitis papillaris
capillitii [38]. Most commonly, black men under the age of 50 are affected, and
after the age of 50 affected individuals usually do not develop new lesions [39].
Similar to true keloids, they present with pain and pruritus [39]. The condition
begins after puberty as an acute folliculitis and perifolliculitis; however, with time,
it progresses into a chronic condition. Initially, the condition presents with 2–4 mm
firm papules, which resemble keloids, and pustules on the base of scalp and back of
the neck. The pustules often break open from pruritus-induced scratching or hair
brushing. Over time, the papules can merge to form large horizontally oriented
plaques. Complications include subcutaneous abscesses with draining sinuses and a
scarring alopecia of the affected skin. The keloid-like papules and plaques are
nonresponsive to antibiotic therapy, which can treat the underlying folliculitis [38].

The pathogenesis of AKN is unknown. Short tightly curled hair, which is
common in the African American population, is believed to be the incriminating
factor in AKN. As the hair shaft grows beyond the surface of the epidermis, it curls
back and pierces the skin surface. This triggers an inflammatory reaction in the
epidermis leading to the development of the characteristic papules and pustules.
Other triggers include constant rubbing in the area from shirt collars, a chronic
folliculitis, and an autoimmune condition [38].

Histologic evidence in one study found AKN to be a scarring alopecia. Foreign
antigens, such as the demodex mite and normal skin flora, and autologous antigens,
such as sebum, on the follicular epithelium and intrafollicular canal can trigger an
inflammatory cascade. This leads to damaged and fragmented hair unit structures
that can encourage HTS and keloid scarring [40]. AKN has also been described as a
transepithelial elimination disorder [41], a form of lichen simplex chronicus [42],
and associated with the male seborrheic constitution, increased fasting blood
testosterone, and early reproductive years [43].

Pseudofolliculitis Barbae (PFB)

The term pseudofolliculitis of the beard was first coined in 1956 [44]. The condition
primarily occurs in African American men as well, likely because of its association
with tightly curled coarse hair types. The prevalence in this population is 45–83%.
However, women and other ethnicities can also be affected. In fact, women of
African or Hispanic lineage with hypertrichosis or hirsutism have similar incidence
of PFB [39].

PFB presents with inflammatory papules and pustules in the beard area. The
papules can be flesh-colored, erythematous, or hyperpigmented. Typically, the
upper lip and lateral margin of the face are spared. Other shaved areas can also
develop PFB, such as the scalp and leg [38]. In fact, in predisposed women, these
lesions may occur in the axilla and groin [39].
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As PFB is a result of epidermal and dermal inflammation from curled hair shaft
growth, shaving is the precipitating factor in its development. Two mechanisms
explain its pathogenesis: extrafollicular penetration and transfollicular penetration.
Transfollicular penetration occurs when the hair is shaved against the grain with the
skin held taught. Once the stretch on the skin is released, the hair tip withdraws
below the skin surface. Curved hair regrowth results in penetration of the follicle
wall, leading to the development of papules and pustules. Hair removal techniques
that can cause midshaft hair breakage, such as tweezing and electrolysis, can also
lead to transfollicular penetration. In extrafollicular penetration, the shaved tip grows
in a curved fashion beyond the hair follicle, repierces the epidermis, and then grows
into the dermis. The inflammatory response that occurs on epidermal penetration is
significantly heightened with the hair shaft’s presence in the dermis. This gives rise
to the characteristic papules and pustules. The hair springs back out of the skin once
it has grown roughly 10 mm long [38]. Injury of PFB lesions from shaving can lead
to secondary bacterial infection, abscesses, hypertrophic scarring, and keloids [38].

Prevention

Primary Prevention

Minimizing trauma is the most important method of prevention. High-risk patients,
including those with a greater degree of skin pigmentation, family history, or
personal history of keloids, should avoid tattoos, piercings, and other surgical
procedures [45]. To avoid auricular keloid development, ear piercing before
11 years of age is advantageous [46]. The senior author, however, prefers piercing
before seven years of age given the changing hormonal milieu of earlier onset
puberty may increase the risk for keloid formation.

Prevention plays a major role in the treatment of AKN and pseudofolliculitis
barbae. For AKN, patients should avoid high-collared shirts and hats, which can
irritate the scalp. Also, short hairstyles and razor/hair clipper use along the occipital
scalp should be avoided [39]. For PFB, patients should not pull the skin taught
when shaving and should shave in the direction of hair growth. Regular brushing of
the beard can help free embedded tips [38].

Secondary Prevention

Ear Keloids

Ear lobe keloids typically respond well to postsurgical pressure therapy. The rec-
ommended regimen is continuous pressure of 24–30 mm Hg for eight to 24 hours
over 6- to 12-months [6]. In 1436 keloids, magnets as a form of pressure therapy
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worn 12 hours daily for 6 months showed a recurrence rate of 11.6% after
18 months. Interestingly, recurrence was associated with high body mass index,
prior treatment, and slow keloid growth rate [36]. Postsurgical “sandwich” radio-
therapy and triple therapy with surgical excision, intralesional steroid, and silicone
sheeting have also been utilized [47, 48].

Pressure Dressings

Pressure has been postulated to lead to collagen and fibroblast degeneration in HTS
via creation of a hypoxic environment [19]. Changes in cytokine expression may
underlie structural changes induced by pressure garments in HTS [49]. In an animal
model study, 2 weeks of pressure treatment led to 51.9% decreased collagen levels
in HTS, most significantly through reductions in collagen I and III [50].
Rearrangement of collagen fibers from nodular to wave-like patterns also occurs.
Increased dermal layer apoptotic indices, reductions in dermal cell layer density,
and significant reductions in myofibroblast and a-smooth muscle actin levels have
also been found [51].

For years, compression garments have been standard practice in many institu-
tions for the prevention of burn-induced HTS [52]. However, a 2009 meta-analysis
found little convincing evidence for the effectiveness of pressure garment treatment
[53]. Optimum pressure requirements are also unknown. Some papers have shown
15 mmHg is required at minimum for improvement [54, 55] and 40 mmHg can
lead to complications [55]. A 12-year randomized control trial published in 2011
did find efficacy of pressure therapy as a preventative modality for burn induced
moderate to severe HTS [56]. Further, studies in keloids specifically are limited.

Silicone Gel Sheets

Silicone gel sheets (SGS) are often used as preventative treatment of high-risk
wounds. Primarily, SGS provide occlusion and hydration to the healing wound, key
components of wound healing. Transepidermal water loss in the stratum corneum,
which is increased in unoccluded scar, stimulates keratinocyte production of
cytokines. These active fibroblasts produce exaggerated amounts of collagen, which
assist in water retention. Occlusion of the developing scar with SGS therefore stunts
excessive collagen and cytokine production [57–59]. Specifically, TGF-b1,
TGF-b2, bFGF, and PDGF are decreased with preventative SGS use in early scars
[58, 60]. It is important to note that excessive occlusion and hydration can impair
wound healing [57]. SGS provide a similar level of occlusion as normal skin,
explaining their ability to improve collagen structures and cytokine profiles.

Secondly, wound tension is lowered with SGS application. Tension is trans-
ferred from the wound to the sheet through the sheet’s adhesion to the surrounding
skin [57]. Thirdly, friction between the scar and SGS produces a negatively charged
electric field that improves collagen orientation and encourages scar involution
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[61]. Finally, decreased injury may be incurred on healing skin with the gentle
adhesive of SGS [57, 62, 63].

Application of SGS is recommended for 12–24 hours daily with twice daily
washing for at least 1 month. Application should be initiated 2–3 weeks after wound
formation to allow for wound epithelialization. SGS use as preventative treatment
has been shown to improve scar size, induration, pruritus, and pain [64–66].
However, a recent systematic review, concluded that the benefit of preventative SGS
in high-risk patients does not currently exist as most studies are of poor quality [67].

Silicone gel preparations form a clear, gas-permeable, water-impermeable, sili-
cone covering on the skin. Several advantages exist for gel preparations over SGS,
including ease of application over large areas of skin, near joints, and on cosmet-
ically sensitive areas such as the face. Compliance tends to be higher as patients
prefer the decreased visibility of gel preparations to SGS. Further, there is less risk
of infection and rash with gel since the need for regular washing and cleaning of a
reusable sheet has been removed [59]. Prospective RCTs have found decreased scar
elevation, erythema, pliability, and symptoms with the preventative use of gel
preparations in high-risk lesions [68–71]. Further, no significant difference in the
efficacy between SGS and silicone gel has been found [70]. Silicone gel formula-
tion efficacy is still debated given the unclear overall benefit of SGS use [67].

Radiation

Improvements in keloids with postoperative radiation therapy are believed to be via
regulation of the fibroblast cell cycle. Radiotherapy extends the G0/G1 phase of the
cell cycle and normalizes the rate of fibroblast apoptosis [37, 72]. Further,
expression of genes associated with cellular senescence, mainly p16, p21, and p27,
is upregulated with treatment [72].

Concerns about the carcinogenic potential of radiation have limited the use of
radiotherapy for keloids [73]. External beam radiotherapy is the most commonly
utilized technique for postoperative treatment. However, it is difficult to treat long
wounds and wounds on uneven skin surface through this technique. Interstitial and
superficial brachytherapy are alternative methods in which the radiation source, an
applicator, is placed within or just above the lesion, respectively. These are well
suited for irregularly contoured lesions, such as those on the scapula or jaw.
Interstitial treatment allows for a smaller irradiated area, thus less involvement of
healthy issue. However, radiation schedules must be much shorter given the
implanted applicator must be removed to prevent wound dehiscence and keloid
recurrence. On the other hand, superficial brachytherapy allows for more
cost-effective and shorter treatment regimens, as well as more consistent radiation
dosage to changing wound shapes secondary to postoperative edema and hematoma
[74, 75].

Overall, high-level randomized studies are lacking [76]. Prospective clinical
studies have shown recurrence rates with radiotherapy after surgical excision from
2.2 to 38.0% [74, 75, 77–81]. Improved long-term control has been demonstrated
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with radiotherapy initiation within 24 hours of surgery [80]. Rates of improvement
in pruritus and pain are notable. Side effects include hypopigmentation, hyper-
pigmentation, erythema, pruritus, skin atrophy, telangiectasia, and subcutaneous
fibrosis [75, 78]. There may be heightened risk of the development of pigment
abnormalities in higher Fitzpatrick skin types [81]. It has been reported that a
dosage range of 10–30 Gy for keloids has a low risk of carcinogenesis while
maintaining efficacy in keloid treatment [82]. However, a dosage of 15 Gy is
reported effective for 90% of keloids [79], and total doses above 21 Gy increase the
risk of side effects such as abnormal pigmentation [83]. None of the reviewed
studies reported any incidences of cancer; however, follow-up time periods ranged
from 18 to 46.5 months [74, 75, 77–81]. Additional well-structured randomized
control trials with longer follow-up periods are still needed to assess the efficacy
and carcinogenesis risk of radiation therapy. The elevated risks in adolescents and
children must be considered prior to decision for radiation treatment.

Treatment

Corticosteroids

Although there are only a small number of well-designed studies on corticosteroid
efficacy, intralesional corticosteroid injections have continued as the gold standard
in keloid treatment since the 1960s [6, 84]. By inhibiting expression of TGF-b,
VEGF, and IGF-1, corticosteroid treatment is able to prevent overgrowth of
fibroblast populations and excessive collagen formation [6]. Corticosteroids induce
G1 cell cycle arrest but do not promote apoptosis [85].

Typically, the regimen is a 10–40-mg/mL injection every 1–2 months
(Table 15.1). Response rates range from 50 to 100% with recurrence rates of 9–
50% [86]. Topical steroids have not shown the same efficacy and are therefore not
preferred [84]. Recently, delivery of topical steroid through fractional ablative laser
has shown potential for post-acne keloids [87]. Side effects of corticosteroid therapy
include dermal and epidermal atrophy, telangiectasia, hyper- and hypopigmenta-
tion. As children are most at risk for developing Cushing’s syndrome from
intralesional corticosteroids, total dosage should not exceed 30 mg per month in
children [88]. For post-excision prophylaxis in helix keloids, no significant
advantage was found in recurrence rate with the addition of two postoperative
injections of triamcinolone to a single intraoperative injection [89].

Surgical Excision

Because recurrence rates range from 45 to 100%, surgical excision as a
monotherapy is discouraged [90–92]. AKN is the only type of keloid that typically
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has low recurrence rates after excision, even with secondary intention healing [6].
Intraoperative pathologic examination is not routinely performed for keloids.
However, incomplete excision of keloid tissue, either at peripheral or deep margins,
and ill-defined keloid tissue borders pose an increased risk of recurrence [93]. In
certain situations such as auricular keloids, intralesional excision with rind flap use
has shown benefit in areas where total scar excision and closure will distort
structural anatomy. This method also reduces wound tension and leaves behind rich
vasculature for the healing wound [47, 94]. Combined treatment with surgical
excision and intralesional corticosteroids, pressure devices, magnets, or postoper-
ative radiation improves recurrence risk. Auricular keloids respond particularly well
to surgical excision with adjuvant therapy (See Section on Ear Keloids).

Table 15.1 Clinical practice—intralesional corticosteroids

1. Pain control
a. Options: topical or combination anesthetics, intralesional or perilesional anesthetic,

cryotherapy
b. Senior author prefers to avoid IL lidocaine as injections are painful and IL anesthetic can

limit the volume of injected corticosteroid
c. Cryotherapy should be used with care. Epidermal melanocytes are more sensitive to

cryotherapy destruction than keratinocytes or fibroblasts. Excessive cryotherapy can lead to
hypopigmentation

2. Preparation
a. 27–30 gauge needle on a 1 cc syringe. Larger needle sizes may exacerbate injection pain

and lead to leakage of injected medication
b. Use of luer lock needle syringe that is fully locked to the needle. High backpressure is

exerted from the dense keloid tissue during injection. This can cause needle separation
from the syringe

c. Begin with triamcinolone 10 mg/mL. Increase by 10 mg/mL if there is not adequate
response

d. Always wear a mask
3. Injection procedure

a. The needle should be inserted bevel down
b. Senior author prefers a fan technique: several tracks within the body of the keloid should be
made with each needle insertion. Deliberate medication injection should be done at the
edges of the keloid

c. Throughout the entire injection, medication should be released against the resistance of the
keloid tissue only. Any superficial or deep release of corticosteroid may lead to epidermal
or subcutaneous atrophy, respectively, and hypopigmentation

d. To avoid injection pain from dulled needle, the needle should be changed every four to five
injections

4. Patient counseling
a. Patients should be educated that treatment will involve a series of at least five to six

injections every four to eight weeks
b. Side effects should be discussed: depressions secondary to atrophy, color changes,

telangiectasia
c. If side effects occur, there is an option to skip an injection in the series or continue onwards
depending on patient preference
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Cryotherapy

By inducing blood stasis and coagulation, cryotherapy destroys the microvascula-
ture supplying keloid tissue [95]. It also can cause directly cellular damage,
although the fibrous tissue itself has been found to be relatively resistant to freezing
[95, 96]. Histologic analyses have found cryotherapy normalizes collagen synthesis,
orientation, and fibroblast differentiation [96, 97]. Small keloids tend to respond
best and multiple sessions may be required for adequate keloid response. Side
effects include pain, atrophy, and ulceration. Given melanocyte sensitivity to cooler
temperatures, there is also a high risk of hypopigmentation, particularly in higher
Fitzpatrick groups [98, 99].

In contrast to surface cryotherapy, intralesional cryotherapy, a relatively recent
method, enables more direct damage to dermal fibrous tissue with sparing of
superficial tissues. Thus, there is a decreased risk of melanocyte damage and
hypopigmentation. Keloid and hypertrophic scars have shown improvements of
47–89% with monotherapy [97, 99–102]. Combination treatment with topical sil-
icone gel sheeting has not improved success rates [101], although a recent study
with addition of intralesional corticosteroids demonstrated a volume reduction of
93.5% [95].

Lasers

Both ablative and non-ablative lasers have been utilized for keloid treatment,
including pulsed dye laser (PDL) (585–595 nm), neodymium-doped yttrium alu-
minum garnet (Nd:YAG) (1064 nm), erbium-doped yttrium aluminum garnet (Er:
YAG), and CO2. The use of ablative lasers, including Er:YAG and CO2, have been
limited due to high recurrence rates. There is no agreement on the mechanism of
action for each of the lasers, although multiple theories exist. A level 1 systematic
review recently found the evidence for laser treatment for keloids was not strong
enough to endorse its efficacy during the treatment and follow-up periods [103].

Pulsed Dye Laser (PDL)

By the late 1980s, PDL had become a leading treatment for vascular lesions,
including port-wine stains and telangiectasias. Soon after, a landmark study by
Alster et al. paved the way for its use in HTS and keloids [104, 105]. Multiple
mechanisms have been suggested for scar improvement with PDL use. The leading
theory is based on the selective targeting of hemoglobin, which causes local thermal
injury to the blood vessel with minimal energy dispersion to surrounding tissues
[106, 107]. Coagulation and occlusion of the microvasculature in the papillary and
reticular dermis follows. The ischemia and nutrient deprivation of the scar tissue
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inhibits its growth and collagen production. PDL is also believed to stimulate
matrix breakdown via inhibition of TGF-b and PDGF and stimulation of MMP and
IL-6 [106]. Collagen fiber structural realignment through heat-induced modifica-
tions of disulfide bonds has also been suggested [108].

Both 585 and 595 nm are utilized for keloid treatment, although more studies
have been done utilizing 585 nm [107]. PDL should be used cautiously in darker
pigmented patients, as it can target the epidermal pigmentation and lead to greater
risk of complications. For these patients and those with scars in high-risk areas, the
energy density should be decreased by 10%. Posttreatment purpura is the most
common side effect, which typically resolves within 10 days [109]. No correlation
has been found between energy density and treatment outcome. Thus, higher flu-
ence may pose unnecessary risk for irritation without additional treatment benefits
[103]. A recent systematic review of PDL treatment in HTS and keloids included
studies with PDL of 585 nm wavelength, duration of 250–1500 ms, spot size of
5–10 mm, and fluences of 3.5–9 J/cm2. PDL was superior to conventional
modalities in improving overall scar appearance and scar pigmentation. Issues with
incomplete outcomes, selective reporting, blinding, and/or randomization in these
studies limited the ability to formulate a strong conclusion about PDL for HTS and
keloids [108].

Nd:YAG

Nd:YAG treatment is believed to function through heat generation. This initiates an
inflammatory cascade, elevating vascular permeability, MMP production, and
collagen degradation [106]. The resulting tissue infarction causes skin sloughing
with underlying wound healing. 532-nm lasers are the most efficient frequency for
use, possibly because this energy level is close to the absorption peak of oxyhe-
moglobin (542 nm). This leads to the greatest energy absorption by hemoglobin
and consequent vascular destruction. A recently published retrospective case series
on use of 1064 nm Nd:YAG laser in 102 patients with HTS or keloids found both
scar types significantly improved in subjective and objective parameters. However,
keloid recurrence rates 6 months after a 1-year regimen were still high—4% on the
abdomen, 25% on the scapula, 35.7% on the upper arms, and 52.9% on the anterior
chest [110].

Other Lasers

CO2 treatment induces reorganization of collagen bundle structures [111, 112],
decreases in type I collagen, and may increase type III collagen [113]. CO2 laser
treatment may also improve keloids through modulation of MMP9 levels [111].
Further high level studies are needed for CO2 and copper bromide lasers.
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Onion Extract

The exact mechanism of onion extract, Allium cepa, activity is still unknown. In
vitro fibroblast studies have shown onion extract inhibits fibroblast proliferation,
decreases b1 integrin, and can induce fibroblast apoptosis. b1 integrin is an
adhesion protein important in fibrogenesis. It may also inhibit IL-6 and VEGF
[114], upregulate MMP-1 production [115], and modulate histamine levels by
increasing mast cell stability [116]. Results of onion extract studies have been
mixed. While unchanged rates of keloid development with topical 10% onion
extract in silicone gel have been found [117], improved scar volume and induration
has also been found in combination with 0.5% hydrocortisone [118]. Topical
mixtures of onion extract with other compounds have improved pain, sensitivity,
pruritus, elevation, and neoangiogenesis [119, 120]. These improvements may be
confounded by a large representation of HTS in study participants and impact of
heparin on collagen fibril structure [119].

Chemotherapeutics

Multiple chemotherapeutics have been utilized for keloid treatment, including
5-fluorouracil (5-FU), mitomycin, and bleomycin. 5-FU is a pyrimidine analogue
with antimetabolite activity. It induces G2-cycle arrest and apoptosis, perhaps
through p53 activation [85]. Theoretically, its antimetabolite activity should be
greatest on fibroblasts stimulated to proliferate and secrete collagen. Thus, 5-FU as
a preventative modality may be more efficacious than as a treatment modality.
Excessive 5-FU can lead to erythema, scar widening, ulceration, and wound
dehiscence [121, 122]. In a recent study, the prophylactic use of post-excisional
5-FU (50 mg/mL) and botulinim A toxin injections in treatment-resistant keloids
had a recurrence rate of 3.75% after 2 years [122]. As a treatment modality,
treatment with 5-FU tattoo (50 mg/mL) elicited greater reduction in keloid height,
induration, and pruritus than intralesional triamcinolone alone (40 mg/mL) [123].
5-FU treatment is effective in 45–79% of patients and up to 96% of patients with
combination 5-FU and triamcinolone [121]. Of note, low doses of triamcinolone
have been used, from 1:45 to 4:45 triamcinolone:5-FU. The current evidence cannot
define a maximum allowed dose per scar area or total. However, most studies have
investigated weekly injections, 80–100 mg of 5-FU per session, and a 4:45 mg/mL
ratio of TAC:5-FU. This is therefore the current recommended frequency, con-
centration, and dose [124].

Bleomycin and mitomycin are both cytotoxic proteins produced by Streptomyces
species [125, 126]. However, studies on both are limited. There is some evidence of
the efficacy of intralesional bleomycin in flattening keloids and providing symp-
tomatic control [127–129]. When used intralesionally with electroporation, which
increases medication absorption by over 10,000-fold, bleomycin has also improved
keloid scar [127]. Atrophy and hyperpigmentation have been reported as long-term
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side effects [127]. Systemic side effects of bleomycin, mainly pulmonary, renal, and
cutaneous fibrosis have not been found with keloid treatment [128, 130, 131].

Calcium Antagonists

Intralesional verapamil was initially harnessed for burn scar therapy in 1994 [132].
In vitro studies with fibroblasts have shown calcium antagonists slow extracellular
matrix growth by hindering proline incorporation [133], inhibiting IL-6 and VEGF
production [134], and inducing collagen degradation [133–136]. A recent sys-
tematic review and meta-analysis agreed on lack of high quality studies examining
calcium antagonist efficacy [137, 138]. In the three existing high-level studies,
verapamil had efficacy equal to or greater than that of intralesional triamcinolone
[139–141]. While verapamil had a slower rate of improvement, it also had a sig-
nificantly decreased rate of complications and a lower drug cost [139, 141].

Botulinum Toxin Type A

There has been some recent interest in intralesional botulinum toxin type A as a
treatment modality. Although it can eliminate the constant wound margin tension
that induces fibroblast growth [86], in vitro studies have shown conflicting evidence
of any adjusted expression of chemical messengers [142, 143]. Independently, it
has shown efficacy in improving scar size [144], and it may be equally as effica-
cious as corticosteroids with a lower risk of side effects [145].

Key Points

1. High-risk groups for keloid development include adolescents, young
adults, pregnant women, and darkly pigmented populations, including
blacks and Hispanics.

2. Acne lesions and areas of high tension, such as the chest, shoulder, and
back, are also at higher risk for keloid development. Aggressive man-
agement of acne in predisposed populations is important in prevention.

3. AKN and pseudofolliculitis barbae are keloid variants in which curled hair
shaft growth leads to cutaneous injury and inflammation.

4. Ear piercing below 11 years of age is preferable to prevent auricular
keloids.

5. Intralesional triamcinolone (10–40 mg/mL) is the gold standard in treat-
ment. Auricular keloids often respond well to combination therapy with
surgical excision.
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Chapter 16
Skin Cancer

Ali Al-Haseni and Debjani Sahni

Skin cancer is the most common malignancy in the United States, though the actual
incidence is difficult to estimate as the most common form, non-melanoma skin
cancer (NMSC), is not tracked by central cancer registries. In addition, interpre-
tation of data comparing skin cancer between races is challenging, as there is
limited data in people of color (POC) due to a lack of large population-based
studies. Skin cancers are more prevalent in Caucasians than POC, accounting for
approximately 40% of all neoplasms in whites, 5% in Hispanics, 4% in Asians, and
2% in blacks. The low incidence of skin cancer in POC has been attributed for the
most part to their increased epidermal melanin. The differences in color observed in
darker individuals is not the result of higher number of melanocytes, but rather the
increased melanocyte activity. Melanocytes in darker skin are larger and produce
more melanin and melanosomes, and they are dispersed evenly between ker-
atinocytes rather than as aggregates, when compared to white skin [1]. The epi-
dermis of dark skin can thus absorb and scatter more light energy than white skin,
providing inherent photoprotection, and filtering at least twice as much ultraviolet
radiation (UVR) compared to the epidermis of Caucasians [2]. It is noteworthy that
POC encompass a diverse group of individuals displaying a spectrum of skin
pigmentation and possessing a wide range of phototypes. It is therefore conceivable
that POC may show variation in etiopathogenesis, clinical presentation, and
prognosis of skin cancers among them. Despite the lower incidence of skin cancer
in POC compared to whites, the morbidity and mortality from skin cancer in the
former is disproportionately high [3, 4]. This will have increasing significance to
public health concerns given the evolving demographics in the US, where it is
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estimated that an international immigrant arrives in the US every 28 s [5]. By the
year 2050, it is predicted that POC will represent approximately 50% of the US
population, compared to 38% in 2014 [3, 6, 7]. It is therefore critically important
that physicians become familiar with the varied presentation and characteristics of
skin cancer within this heterogeneous group, so enabling them to manage these
patients appropriately and be able to provide the necessary photoprotection and skin
surveillance recommendations.

Non-melanoma Skin Cancer (NMSC)

NMSC encompasses both squamous cell carcinoma (SCC) and basal cell carcinoma
(BCC). Epidemiologic studies suggest that individuals of all races with NMSCs are
at an increased risk of developing a second primary malignancy. This appears to be
more significant in POC as demonstrated in the Women’s Health Initiative
Observational Study, where women with a history of NMSC were 2.3 times more
likely to develop a second primary malignancy with breast cancer being the most
common. When subgroup analysis was done in the same study within racial groups,
it demonstrated a higher likelihood of developing a second malignancy in POC with
NMSC versus those without, with odds ratios of: 7.46 in blacks, 5.64 in
Asian/Pacific Islanders, 4.51 in American Indians, 3.67 in Hispanics, and 2.27 in
white [8]. The increased risk of a second malignancy has been attributed to
UVR-induced suppression of cell-mediated immunity and UVR-induced P53
mutations [3]. The greater risk in POC may be explained by subtle differences in
immunology, for example, in comparison to whites, blacks have a higher con-
centration of total skin urocanic acid, a photoimmune-suppressive receptor. This
might explain why blacks have more photoimmune suppression, which may con-
tribute to the greater risk of developing a second malignancy [9, 10].

Squamous Cell Carcinoma

SCC is the second most common skin cancer in Caucasians representing 15–25% of
cutaneous neoplasms. In blacks and Asian Indians, however, SCC is the most
common cutaneous malignancy, comprising 30–65% of skin cancers respectively in
both races [3]. Despite this, the actual incidence of SCC in blacks is still lower than
in whites and is reported to be *3.4 per 100,000 versus *125 per 100,000 in
whites [11]. Unlike blacks and Asian Indians, but comparable to Caucasians, SCC
ranks as the second most common skin cancer in Japanese, Chinese, and Hispanics
[3, 12–14]. Although the incidence of SCC in POC is low, it tends to present with
more advanced stage and in different anatomical sites from that seen in whites,
posing a diagnostic and therapeutic challenge.
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Pathogenesis

It is known that cumulative long-term ultraviolet light exposure and sunburns
during childhood increase the risk of SCC and actinic keratoses (AKs) in
Caucasians. This is demonstrated in studies showing the higher incidence of
NMSCs in individuals who were born in countries with high UVR, versus the lower
incidence in individuals with similar genetic background who migrated from
countries with low to high UVR later in life [15, 16]. As mentioned earlier, dark
skinned individuals have better inherent photoprotection than whites. It must
however be emphasized that this does not completely prevent UV related damage in
blacks, as epidermal changes (atypia and atrophy) and dermal collagen and elastin
damage are evident in dark skinned individuals with history of sun exposure
[17, 18].

To date, the information about SCC in ethnic groups is limited due to incon-
sistent reporting of NMSCs in tumor registries and most of the data focusing on
blacks [3, 4, 6]. Therefore, the remainder of this section on SCC will concentrate on
the black population.

Although a prior US study showed increasing incidence of NMSCs in blacks
with decreasing latitudes [19], the role of UVR in the development of SCC in
blacks is likely to be less important than in whites, as blacks typically develop SCC
in non-sun-exposed areas [13, 20–23]. In addition, AKs which represent the most
common precursor to SCC in sun-exposed skin, are very rare in blacks [24]. When
AKs do occur, they tend to present in individuals with fairer complexion [11]. Risk
factors for the development of SCC in blacks are outlined below with the first two
being the most important:

(1) Chronic scarring: this is present in 20–40% of cases of SCC in blacks and
includes previous burns, past physical or thermal trauma, and areas of prior
radiation treatment [3, 20, 21, 23, 25, 26].

(2) Chronic inflammation: most notably in chronic ulcers, but also in discoid lupus
erythematosus, granuloma annulare, hidradenitis suppurativa, osteomyelitis,
and areas of chronic skin infections such as lupus vulgaris, leprosy, and lym-
phogranuloma venereum [20, 21, 25–27].

(3) UVR: this is felt to be the major risk factor for lesions that less commonly
develop on the head and neck region.

(4) Other risk factors include: albinism, vitiligo, immunosuppression, epider-
modysplasia verruciformis (EDV), human papilloma virus (HPV) infection,
smegma of the uncircumcised penis, and exposure to carcinogenic chemicals
like arsenic and tar [3, 6, 20, 25, 26, 28].

It should be noted however that given the limited data about these risk factors
taken from isolated reports and small case series, it is difficult to draw firm con-
clusions about them.
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Clinical Presentation

In whites, SCC typically presents as an erythematous scaly plaque. In blacks,
however, it commonly manifests as a non-healing ulcer or indurated nodule
developing in or adjacent to the area of preexisting disease such as a chronic leg
ulcer or hidradenitis suppurativa (Fig. 16.1). The areas of predilection for SCC is
also quite different in blacks, as SCCs tend to develop more commonly on
non-sun-exposed sites of the lower limbs and the anogenital region, although
lesions on the head and neck area do also occur. SCC of the nail bed is another
location that is uncommon in whites but appears to be relatively common in blacks
[11, 20, 26, 29, 30]. Squamous cell carcinoma in situ (SCCis) is less common in
blacks, and like SCC, typically develop in non-sun-exposed areas, especially the

Fig. 16.1 Squamous cell
carcinoma (SCC) arising
within a chronic burn scar on
the lower leg. Ulcerated
vegitating tumor with thick
yellow crust
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lower limbs. They are frequently pigmented, which can pose a diagnostic challenge
due to its resemblance to melanoma. Most studies show that SCCis affects indi-
viduals later in life, after the 6th decade, with males being affected more commonly
than females. One study suggested arsenic as an important risk factor as 3 of 7
patients with SCCis had a history of exposure to this [28]. The risk of progressing
to invasive SCC is estimated to be between 3 and 11% [3, 20, 25, 28, 31].

In black individuals, it is important to note the more aggressive behavior of
SCCs and their increased tendency to metastasize in areas of chronic scarring—20–
40% risk of metastasis compared to 1–4% of SCCs in sun-exposed sites [3]. In
addition, several studies report an increased mortality from SCC in blacks com-
pared to whites [20, 21, 23, 32], with the highest mortality being observed in
perianal SCC [21]. The high mortality and morbidity seen in blacks has been
attributed to biologically more aggressive tumors, an advanced stage at diagnosis,
delays in seeking medical attention due to a combination of lower socioeconomic
status and education level, and association with other comorbidities. Given the
atypical clinical presentation together with increased morbidity and mortality in this
population, a high index of suspicion and low threshold for biopsy are required,
with emphasis on checking non-sun-exposed areas when performing a skin exam.

Treatment

An aggressive approach is recommended for SCC in blacks, as tumors tend to carry
a worse prognosis than in Caucasians [23]. Factors such as histological type, tumor
size, location, primary versus recurrent or metastatic, patient’s general health,
patient’s preference, and cost all play a role in determining treatment. Therapeutic
options include surgical excision, Mohs micrographic surgery, electrodessication,
and curettage (ED&C), cryosurgery, topical chemotherapy/immunotherapy, pho-
todynamic therapy (PDT), radiation, conventional chemotherapy, and biologic
agents such as epidermal growth factor receptor inhibitors (EGFRi) e.g. cetuximab
[23, 31, 33, 34].

Basal Cell Carcinoma

BCC is the most common skin cancer among Caucasians, Hispanics, and Asians
(excluding Asian Indians) [3, 6, 25, 35]. It can be locally destructive if left
untreated, yet it has a very low metastatic potential. Hispanics are six times more
likely to have BCC than SCC, and they are more likely to have multiple rather than
solitary BCC [6]. On the other hand, BCC is the second most common skin cancer
in blacks and Asian Indians [3, 25]. The incidence of BCC per 100,000 population
in different races is estimated to be 1–2 in blacks, 5.8–6.4 in Chinese, 15–16.5 in
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Japanese, 50–91 in Southeastern Arizona Hispanics, 113–171 in New Mexican
Hispanics, and 212–250 in whites.

Pathogenesis

The most important risk factor for BCC is chronic UV exposure regardless of race or
skin color, with the vast majority (>70%) of BCCs occurring in older individuals on
sun-exposed skin in all races [3, 6, 20]. This highlights the importance of emphasizing
sun protection in POC. The adverse effect of UVR is more significant in people with
lighter skin with lower inherent photoprotection, as evidenced by the incidence of
BCC directly correlatingwith the degree of skin pigmentation, beingmost common in
Caucasians, and least common in African blacks [3, 6, 25] (BCC represents 65–75%
of skin cancer inCaucasians, 20–30% inAsian Indians, 12–35% inAfricanAmericans
blacks, and 2–8% in African blacks) [3]. In addition, BCC occurs more commonly in
lighter complexioned blacks compared to darker blacks [20]. In all races, BCC can
also occur on non-sun-exposed sites. There is conflicting data as to whether the
incidence of BCC in sun-exposed rather than non-sun-exposed sites is the same in
Caucasians and blacks [20], versus a higher incidence of BCC in non-sun-exposed
sites in blacks compared to Caucasians [36]. Interestingly, BCCs rarely occur on the
dorsal hands and forearms, two areas that are heavily sun damaged [37].

UVR causes activating mutations in the Sonic Hedgehog (SHH) pathway, which is
critical in embryonic development, cellular proliferation and differentiation, and cell
fate. During adult life, this pathway is largely silenced in all cells except for hair
follicles and sebaceous glands, where it functions in maintaining stem cells [38].
The SHH pathway is activated in BCCs, mostly by inactivating mutations in Patched
(PTCH) or rarely due to activating mutations in Smoothened (SMO) genes. Basal cell
nevus syndrome (BCNS), also called Gorlin syndrome, is an autosomal dominant
condition caused by amutation in the human PTCHgene, resulting in the development
of multiple BCCs at a young age. Other features of BCNS include odontogenic ker-
atocysts of the jaw, palmoplantar pits, calcification of the falx cerebri, and various
skeletal anomalies with affected individuals being prone to various neoplasms
including medulloblastomas, cardiac fibromas, bilateral ovarian fibromas, and
meningiomas [39, 40]. BCNS is rare in POC contributing to only 5% cases [41], and
when it occurs in POC, individuals develop fewer BCCs and at a later age compared to
Caucasians. An example is the case of a black man with Gorlin syndrome, who
presented with his first BCC at the age of 77 [39, 42]. This emphasizes the importance
of UVR in the pathogenesis of BCC and the UV protective nature of dark skin [43].

Other risk factors for the development of BCCs in POC include radiation and
scars. The risk of developing BCC in previously irradiated skin is higher in
Caucasians than in blacks [44], and in the case of BCC arising in scars, this
typically occurs in sun-exposed older individuals [45]. Both observations suggest a
synergistic effect of UVR with either trauma or radiation.
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Clinical Presentation

In whites, BCCs clinically present as asymptomatic, translucent, erythematous to
skin colored papules with a rolled pearly border and central ulceration or telang-
iectasia. In POC, the darker skin can make it difficult to appreciate the rolled pearly
border and telangiectasia explaining why these lesions may be mistaken for seb-
orrheic keratoses, melanocytic nevi, or malignant melanoma. Whereas pigmentation
occurs in only 5% of BCCs in Caucasians, it occurs in over 50% of BCCs in POC,
and they are characteristically described as a “black pearly” papule (Fig. 16.2) [20,
36, 45–51]. Other clinical presentations include nodules, plaques, non-healing
ulcers, or if left untreated, indurated or pedunculated masses [46, 47, 52]. BCCs
rarely metastasize in whites, and the same is true in POC with only a handful of
cases reported in the literature [3, 36, 53]. Unlike SCCs, BCCs in blacks are not
associated with increased morbidity in comparison to whites [20, 25].

Pathology

The histological features of BCCs in POC are similar to those in whites.
Nodular BCC is the most common histologic type in whites, blacks, and Asians [3].
Adenoid BCC is relatively more common in blacks and Asians, while morpheaform
BCC appears less frequently in blacks in comparison to whites [3]. Furthermore,
compared with whites, BCCs in blacks tend to stain positive with carcinoembryonic

Fig. 16.2 Pigmented basal cell carcinoma (BCC) on central forehead. Single pearly nodule with
pigmentation and mild erosion
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antigen in a higher percentage of patients, indicating a tendency towards follicular,
eccrine, or sebaceous differentiation [54].

Treatment

The management of BCCs in POC is no different to that in whites. Treatment
options include surgical excision, Mohs surgery, cryotherapy, ED&C, topical
chemotherapy, PDT, topical imiquimod, laser surgery, and radiotherapy. Although
the incidence of metastatic BCC is very low, being approximately 0.0028%, these
cases carry a poor prognosis, with mean survival ranging between 8 months and
3.6 years [33, 35, 54, 55]. Advancement in understanding the pathogenesis of BCC
has led to the development of targeted therapies that inhibit SMO (e.g., vismodegib
and sonidegib) which are approved for the treatment of metastatic BCC, locally
advanced BCC that have recurred after surgery, or in patients who are not candi-
dates for surgery or radiation therapy [56, 57].

Melanoma

Melanoma is the most lethel type of skin cancer in all races, with an estimated
76,380 new cases and 10,130 deaths in 2016 [4, 58]. The incidence of melanoma
has been increasing at a rate of 3–7% per year in the past 30 years in Caucasians
and Hispanics, but it is relatively stable in Asians and blacks. Currently, melanoma
is the 3rd most common type of skin cancer in all ethnicities, and the 6th most
common type of cancer in the US [3, 58]. Recent data predicts the lifetime prob-
ability of developing melanoma in the general population is 3% for males and 1.9%
for females [58]. Melanoma incidence varies among different races, with an inverse
relationship between melanoma incidence and degree of skin pigmentation, so that
the white to black ratio in melanoma incidence is 16:1. The number of melanoma
cases among Hispanics is midway between that of whites and blacks, a finding that
reflects their intermediate skin pigmentation [3, 59–61]. Melanoma incidence is
similar between Asians and blacks [60], and it is approximately twice as common in
Japanese compared to the other Asian races occurring more frequently in women
than in males [14]. According to the United States National Cancer Institute
Surveillance, Epidemiology, and End Results (SEER) data, the age-adjusted mel-
anoma incidences per 100,000 persons by different ethnic groups and sex from
2008 to 2012 were 38.2 in white non-Hispanic males, 24.2 in white non-Hispanic
females, 4.8 in Hispanic males, 4.5 in Hispanic females, 1.6 in Asian males, 1.1 in
Asian females, 1.2 in black males, and 1.0 in black females [62].
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Pathogenesis and Risk Factors

Melanoma is a multifactorial tumor that develops in genetically predisposed indi-
viduals when exposed to certain environmental factors. Genetic factors predis-
posing to melanoma are evident phenotypically in the form of inability to tan,
having red/ blond hair, blue eyes, fair skin, large number of melanocytic nevi,
presence of atypical/ dysplastic nevi, personal or family history of melanoma, and
various genetic disorders resulting in the inability to repair DNA defects. Various
genetic mutations have been described in the pathogenesis of melanoma including
gain-of-function oncogenic mutations (BRAF, NRAS, KIT, or GNAQ/GNA11) and
loss-of-function tumor suppressor gene mutations (CDKN2A, PTEN, NF1, or
BAP1). Melanomas in non-severely sun-damaged skin often harbor BRAF or
NRAS mutations, while melanomas arising on severely sun-damaged skin, as well
as acral and mucosal melanomas, commonly carry a mutation in KIT gene as well
as BRAF and NRAS. Environmental factors associated with increased risk of
melanoma appear to differ in whites compared to POC. DNA damage caused by
UVR specifically from intermittent heavy sun exposure, blistering childhood sun-
burns, history of indoor tanning, or large cumulative UVR doses from chronic sun
exposure (outdoor workers) play a major role in whites [4, 59, 63–67]. Other
environmental risk factors include immunosuppression, PUVA treatment, and
residence in equatorial latitudes [59, 63–66, 68]. The main etiologic factor for the
development of melanoma in POC is yet to be defined, and given that it tends to
occur most commonly on acral skin in POC, suggests that UVR is not as important
in the pathogenesis of melanoma in this group as it is in Caucasians. A study using
SEER data looking at the relationship between age-adjusted melanoma incidence
rates and the UV index or latitude within racial and ethnic groups concluded there
was no evidence to support the association of UV exposure and melanoma inci-
dence in black or Hispanic populations [69]. Nevertheless, there are reports of
increased risk of melanoma in black patients with albinism or those with prior
radiation treatment. In addition, another study looking at 6 US state cancer registries
found that for both Hispanics and blacks, the incidence of melanoma was positively
associated with the UV index and negatively associated with the latitude of resi-
dency. A statistically significant correlation between melanoma and the UV index
(R = 0.93; P = 0.01) and latitude (R = −0.80; P = 0.05) was observed in black
males. The authors concluded that exposure to solar radiation appears to play a role
in the development of melanoma in both Hispanics and blacks [59]. These obser-
vations suggest a potential though perhaps less significant role for UVR in the
pathogenesis of melanoma in POC [14, 60, 61, 70–78]. Other risk factors impli-
cated in POC include burn scars, immunosuppression, and preexisting pigmented
lesions (especially on acral and mucosal regions) [79–81].
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Clinical Presentation

Clinically, melanoma in POC presents similarly to Caucasians, most commonly
appearing as an asymmetric, rapidly spreading, dark brown-black macule or patch
with irregular borders and various shades of pigmentation. Melanoma in Hispanics
commonly has the appearance of flecked, gray-white areas; while papillomatous,
verrucous, or hyperkeratotic lesions in blacks have been reported [11]. A significant
proportion of acral lentiginous melanoma (ALM) present with unusually large
diameters >3 cm, often with signs of advanced local disease, such as pain, bleeding,
and ulceration.

Melanoma varies in its clinical and pathological features among the different
ethnicities. In Caucasians, melanomas most commonly present on intermittently
sun-exposed areas such as the trunk in males and legs in females, with superficial
spreading melanoma (SSM) being the most common histological variant and ALM
being the least common [82]. SSM is also the most commonly encountered mel-
anoma in Hispanics, though the incidence of ALM is greater than in Caucasians [3,
4]. In contrast, Asians and blacks are more likely to develop melanomas on
non-sun-exposed areas of acral skin, with ALM being the most common histo-
logical variant in both groups. Seventy five percent of melanomas in POC are acral
tumors, in comparison to only 5% of melanomas in whites. The plantar foot is the
most common site (Fig. 16.3) (with plantar:palmar ratio of 17:1), and the ratio of
palmoplantar:subungual lesions is 4:1. In addition, in 25–50% of cases, the tumor
arises within a preexisting pigmented lesion [11, 61, 72, 74, 75, 81, 83]. Given the
higher incidence of melanoma particularly on the pressure bearing areas of the heel
and the ball of the foot, trauma has been postulated to be a predisposing factor in
acral melanomas [79, 84, 85]. Another possible explanation for the increased risk of
acral melanomas in POC is based on the distribution of melanocytic nevi. POC tend
to have a lower density of melanocytic nevi and lower incidence of melanoma
compared to Caucasians, in whom the melanoma risk is higher and the number of
melanocytic nevi is directly proportional to the risk of developing melanoma [4].
However, the risk of developing melanoma in a specific body region is more closely
related to the number of melanocytic nevi at that site, rather than the total number of
nevi in the whole body [86, 87]. This may explain the high prevalence of acral
melanomas in blacks, who tend to have melanocytic nevi predominantly on acral
locations [80, 88]. Interestingly, one study showed that both blacks and whites have
similar incidences of plantar melanomas (1.7 and 2 per million per year for blacks
and whites, respectively), and attributed the reported predominance of plantar
lesions in blacks to the low overall incidence of melanomas at other sites, rather
than a true increased incidence of plantar melanomas [84]. Benign-appearing acral
lesions in POC should be examined carefully, as 39% of acral melanomas have
been shown to imitate the appearance of benign hyperkeratotic dermatoses (ver-
rucae, calluses, or dermatophyte infections) in one case series [11]. Subungual
melanomas are most commonly seen on the thumb or the first toe and represent 15–
20% of melanomas in blacks, 10–31% in Asians, 2.5% in Hispanics, and 0.31% in
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Fig. 16.3 Acral lentiginous melanoma (ALM) on the plantar surface of the foot. Irregularly
shaped large hyperpigmented patch with variation in color
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whites. Although the vast majority of blacks aged over 50 years have longitudinal
melanonychia, subungual melanoma should be suspected when a pigmented band
on the nail is wider than 3 mm, pigment extends to the proximal nail fold
(Hutchinson sign), there is pigment variation, there is a rapid change in size, the
onset is after mid-adulthood, and/or there is presence of a solitary lesion (Fig. 16.4).
Further progression may cause nail damage, revealing a friable hemorrhagic mass
[4, 11, 89]. The most common mimickers of subungual melanoma are hematoma
and onychomycosis [11]. Another common location for the development of mel-
anoma in POC, though uncommon in whites, is mucous membrane sites, with
approximately two thirds of these tumors developing from preexisting oral mela-
nosis [3, 4, 75, 90]. The typical body regions affected by melanoma in Hispanics
seem to vary, with some studies suggesting it is similar to Caucasians, while others
suggest similarities to blacks and Asians. The discordance between the studies may
be explained by the varying degree of pigmentation in Hispanic people, with lighter
skinned Hispanics following a more Caucasian distribution and darker skinned
Hispanics following a black/Asian distribution [60, 61, 91].

Treatment and Prognosis

The standard treatment for melanoma involves wide local excision with 0.5–2 cms
margins, dependent on Breslow thickness, and a sentinel lymph node biopsy
(SLNB). The latter is offered based on histopathological criteria that include
Breslow thickness and presence/ absence of ulceration. Early stage melanoma has a
favorable prognosis with 5-year survival over 95%, whereas metastatic melanoma
has a dismal prognosis. For decades, advanced melanoma had been refractory to
conventional chemotherapy agents that had low response rates with no demon-
strable overall survival benefit. The roadmap for melanoma therapy changed
drastically from 2011 onwards following the discovery of novel targets after years

Fig. 16.4 Subungual
melanoma of the middle
finger. Single pigmented band
showing evidence of
Hutchinson’s sign and nail
dystrophy
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of researching the molecular biology and immunology of melanoma. Approved
therapeutic options for metastatic melanoma now include a number of biological
modalities that include: immunotherapeutic agents: including interleukin-2 (IL-2),
inhibitors of key immune checkpoint molecules, such as cytotoxic T-lymphocyte
(CTLA-4) and programmed cell death protein 1 (PD-1) and oncolytic viral therapy;
targeted therapy agents: these target and inhibit a number of mutated oncogenes
with constitutive kinase activity in the mitogen activated protein kinase (MAPK)
pathway. These oncogenes play a key role in melanomagenesis and include BRAF
and MEK [92].

Between 1973 and 1992, mortality from melanoma increased by 34.1%, the third
highest increase of all cancers [72]. However, death rates have been largely stable
from 2004 to 2013 [62]. Advanced stage melanoma is seen more commonly in POC
(52% in blacks and 26% in Hispanics), in comparison to whites (16%) [4, 21, 72,
76, 81, 83, 93–96]. Multiple studies have demonstrated that melanomas in POC are
more likely to be thicker [75, 89, 97, 98], present with ulceration [72, 99], advanced
stage 3 or 4 disease [70, 72, 75, 77, 83, 89, 94, 96, 97, 100–102] or metastatic
disease [60, 89, 94, 103], all contributing to a worse prognosis in this group and
survival rate. ALM is also more common in POC and typically carries a worse
prognosis given its propensity for deeper invasion at presentation.

This lower survival in POC has been associated with the frequent presence of
thick primary lesions at the time of diagnosis attributed to delay in seeking medical
attention. There are many possible reasons that could contribute to the delay in
diagnosis of melanoma in POC. These include difficulty in accessing medical care
and preventative screening; a misconception that certain races do not develop skin
cancer, leading to a low level of awareness and a lack of public and physician
education; and finally the predominance of lesions in unexpected sites, such as the
palms, soles, subungual areas, and mucosal regions. These areas of the body are
rarely emphasized in skin screening programs, and there may be a tendency to
overlook dark lesions in dark skinned individuals, especially with the ubiquity of
hyperpigmented macules of the palms and soles and normal longitudinal
melanonychia in blacks. Thus, patients and physicians do not typically suspect
melanomas in these areas. The identification of high-risk body areas in POC and
suspicious signs in longitudinal melanonychia are of extreme importance to prevent
delays in diagnosis. Although public awareness campaigns focusing on risk factors,
such as red hair, susceptibility to burn, and inability to tan, are of extreme
importance for the health of the majority of the population, they may uninten-
tionally suggest that melanoma is not a health concern in POC. All these combined
factors lead to delay in diagnosis and could contribute to subsequent increased
mortality [3, 76] Of note, some studies have found that blacks with early stage
melanoma (stage 1 and 2) have a shorter survival time than whites with the
equivalent stages [70, 72, 83]. In addition, other studies have found higher rates of
death in blacks in comparison to whites even after adjusting for sex, age, stage,
histology, anatomic site, socioeconomic status, and treatment [4, 104]. This sug-
gests the lower survival from melanoma may be due to biologically more aggres-
sive tumors, which are therefore likely to present at an advanced stage.
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Improving the survival of melanoma patients is a goal that will only be achieved
by collaborative efforts between both patients and care providers. Patients should be
encouraged to perform self-skin examinations, with special attention to high-risk
areas as suggested by their skin types. Physicians should keep a high index of
suspicion for melanoma regardless of a patient’s ethnic background. This will
facilitate earlier diagnosis of melanoma in all races and potentially improve sur-
vival. In addition, public education programs for skin cancer and melanoma should
be directed to all ethnic groups in addition to high-risk individuals.

Cutaneous Lymphoma

Cutaneous lymphoma is an umbrella term used to describe a heterogeneous group
of non-Hodgkin lymphomas (NHL) either T or B cell type, that originate primarily
within the skin [105]. After the gastrointestinal tract, the skin is the second most
common site of extranodal NHL. Primary cutaneous lymphomas have a distinct
clinical behavior and outcome from their histologically similar systemic counter-
parts, which can present secondarily on the skin. The World Health Organization
(WHO) and European Organization for Research and Treatment of Cancer
(EORTC) classification system therefore define primary cutaneous lymphomas as
separate entities in their classification of NHL. Primary cutaneous T-cell lymphoma
(CTCL) represents the majority (*75%) of primary cutaneous lymphomas, while
primary cutaneous B-cell lymphoma (CBCL) make up the other *25% of cases
[105]. There is considerable variation in incidence and survival patterns of both
CTCL and CBCL by race. The annual incidence rate (IR) of CTCL is highest
among blacks (IR = 10.0/1,000,000 personyears) followed by whites (8.1) and
Asians and Hispanics (both 5.1). In contrast to this, CBCL has the highest IR in
whites (3.5/1,000,000 person-years), followed by Hispanics (2.8) and Asians (1.9),
with the lowest IR being in blacks (1.5) [106].

The most common CTCL is mycosis fungoides (MF) which makes up *50% of
CTCL. This is followed by CD30+ lymphoproliferative disorder (CD30+ LPD) and
Sezary syndrome, and together these three entities make up more than 90% of
CTCL. MF is characterized by the evolution of patches, plaques, and tumors
(Fig. 16.5a–c). In early stage disease, the lesions are often confined to the skin, but
the tumor cells have the propensity to spread to lymph nodes, blood, and viscera
with disease advancement [105]. The incidence and prognosis of MF varies with
race. Blacks are 1.6 times more likely to be affected and have a higher mortality of
2.4 times that of whites [3, 4, 105, 107–109]. Furthermore, blacks tend to be
diagnosed at a later stage in their disease which is typically harder to treat and may
explain why their mortality is higher. Contrary to this, Asians and Hispanics have a
lower incidence and reduced mortality compared to whites, with incidence in
Asians being 0.6 and mortality ratio being 0.5 that of whites [4, 11]. The reason for
this variation remains unknown. Blacks and Hispanics tend to develop the disease
earlier in life, with early-onset MF (defined as onset before the age of 40) being
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especially more common in black and Hispanic women. Furthermore, black women
with early-onset MF had the highest rate of disease progression (38%), in com-
parison to white (10%) and Hispanic (5%) women [109]. Classic MF presents most
commonly with erythematous atrophic patches or scaly plaques, often with atypical
arcuate/horse-shoe shaped borders. There are also less common variants of MF that
include hypopigmented MF, granulomatous MF, poikilodermatous MF, follicu-
lotropic MF, pagetoid reticulosis, and granulomatous slack skin [110, 111]. The
hypopigmented variant of MF typically presents with ill-defined hypopigmented
macules and patches in younger patients (Fig 16.6). Almost three quarters of these
patients have a prolonged history of an eczematous or psoriasiform dermatitis, and
the diagnosis can be difficult to make, as this condition can be mistaken for
pityriasis alba, vitiligo, pityriasis versicolor, hypopigmented sarcoidosis, and
postinflammatory hypopigmentation [25, 111] Hypopigmented MF appears almost

Fig. 16.5 Classic mycosis fungoides. a Patch stage on the flank. Erythematous patch with
cigarette-paper like wrinkling. b Plaque stage. Widespread hyperpigmented polymorphic plaques
with irregular, arcuate borders. c Tumor stage on the shoulder. Single annular pink scaly tumor
with central depression
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exclusively in POC and tends to carry an excellent prognosis in comparsion to
classic MF [110–112]. In contrast to MF, the IR for primary cutaneous CD30+ LPD
is similar among whites and blacks, and significantly lower among Hispanics and
Asians compared to whites and blacks [106].

CBCL is much rarer than CTCL and consists of 3 main subtypes: follicle center
lymphoma (11% of all cutaneous lymphomas), marginal zone B-cell lymphoma
(7%), and diffuse large B-cell lymphoma-leg type (DLBCL) (4%) [105]. Compared
with other races, whites have the highest IR for CBCL overall, and also the highest
IR for cutaneous marginal zone B-cell lymphoma and follicle center lymphoma
subtypes. In contrast, Asians have a significantly lower IR than whites for all CBCL
subtypes except for primary cutaneous (pc) DLBCL where, it is higher [106]. In
fact, pcDLBCL has been previously reported as the most frequent (89%) CBCL
subtype in Japanese patients [113].

Kaposi Sarcoma

In 1872, Moritz Kohn, who changed his name to Moritz Kaposi to resemble his
hometown of Kaposvar/Hungary, first described ‘idiopathisches multiples
Pigmentsarkom der Haut,’ which later became known as Kaposi sarcoma (KS). KS
is among the most common cutaneous soft tissue sarcomas. The clinical presen-
tation of KS ranges from an indolent disease limited to the skin to rapidly pro-
gressive multifocal disease involving skin and visceral organs. It is still unclear
whether to consider KS as a hyperplasia, neoplasia, or both. Furthermore, ultra-
structural and immunohistochemical testing have firmly established the endothelial

Fig. 16.6 Hypopigmented mycosis fungoides. Multiple ill-defined hypopigmented patches on
bathing trunk distribution
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nature of KS, but it remains a matter of debate whether this endothelial proliferation
is derived from vascular or lymphatic origin as it tends to express antigens from
both. Early KS shows a reactive pattern with polyclonal nature, which can progress
to sarcoma later on. Human herpes virus-8 (HHV-8) and virally induced cytokines
have been implicated in the pathogenesis of KS. HHV-8 infection is present in all
patients with KS. The virus contains a homolog of cellular genes that can stimulate
proliferation and tumorigenesis. It spreads via sexual intercourse, blood, saliva, and
vertical transmission. Although HHV-8 infection is necessary, it is not sufficient on
its own for the development of KS. The second factor contributing to the patho-
genesis of KS is cytokines produced by virally infected cells as a host immune
response, which may further support tumor growth in an autocrine/paracrine
fashion.

KS is divided into four major types based on the population affected and all four
types are associated with HHV-8. Classic KS—typically affects elderly men (male
to female ratio of *10:1) from Ashkenazi Jewish or Mediterranean/ Eastern
European descent. It typically presents in the 6th decade of life with asymptomatic,
slowly growing, dusky, red-violaceous macules/patches that evolve over time into
larger plaques or dome-shaped nodules with the lower extremities being involved in
the majority of cases. Endemic KS—is seen in Africans representing 10% of
cancers in central Africa. It is further subdivided into four subtypes (nodular, florid,
infiltrative, and lymphadenopathic), which tend to be more aggressive than classic
KS. The lymphadenopathic type is the predominant form in African children and
involves primarily lymph nodes. Transplantation-related KS—includes individ-
uals receiving immunosuppressive medications. It resembles classic KS and usually
resolves upon removal of immune suppressive therapy. The incidence of KS in
transplant patients is *500 times that of the general population, with certain
immunosuppressive medications, particularly prednisone and cyclosporine, being
the most common culprits for reactivation of HHV-8. Acquired immune defi-
ciency syndrome (AIDS)-related KS—constitutes the fourth type (Fig. 16.7). HIV
infection is thought to increase HHV-8 pathogenicity in many ways, including
through immunosuppression, priming of target cells for HHV-8 infection, and by
exerting direct effects on HHV-8 gene expression and viral replication [6, 114].
AIDS-related KS tends to affect HIV-infected individuals when CD4+ T-cell counts
drop below 500 cell/mm3 and is characterized by an aggressive course. Lesions are
frequently oval in shape and follow the lines of cleavage of skin with a predilection
for the trunk and face. In KS, any visceral organ can be involved, with gastroin-
testinal tract, lymph nodes (LN), and lungs being most commonly affected.
Generalized lymphedema may rarely be the presenting sign of KS.

Historically, KS occurred most commonly in Mediterranean and Eastern
European elderly men, or as an endemic form in equatorial Africa, and was rare in
the US before the onset of AIDS in 1981. The incidence of KS increased dra-
matically with the AIDS epidemic in the early 1980s, peaked around the mid 1990s,
and subsequently declined following the introduction of highly active antiretroviral
therapy (HAART): IR of KS was 24.7/1000 personyears follow-up (PYFU) in 1997
and dropped to less than 10% of its original value (1.7/1000 PYFU) in 2002 and
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beyond. During the 1980s, KS rates among white men were the highest, but the
rates among black men exceeded those of white men after the mid-1990s. The KS
rates in Asians showed the most dramatic decrease after the mid-1990s [115].

Overall, KS shows a higher incidence in blacks (23.5/1,000,000 personyears) in
comparison to whites (17.5/1,000,000 person-years) with Asians having the lowest
incidence (4.0/1,000,000 persons-years) [3, 6, 114]. Age-specific KS rate has a
bimodal pattern with rates being elevated in early adulthood and at older ages, and
this pattern is evident in both whites and blacks. However, the rates are higher

Fig. 16.7 Kaposi sarcoma in a patient with HIV. Multiple hyperpigmented papules coalescing
into a large constricting plaque on the thigh causing surrounding lymphedema
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among blacks compared to whites in the <70 age-group and higher among whites
than blacks in the >70 age-group. Asians show a similar but lower incidence peak
in early adulthood also, but the data is insufficient to provide an incidence in the
older age group [115].

Treatment of KS is based on the disease stage, distribution, clinical type, and
immune status. As the natural history of KS is variable and tends to carry a high
recurrence rate even after successful treatment, realistic expectations should be
discussed with patients. Management modalities for localized KS include nonin-
tervention, surgical excision, laser surgery, cryotherapy, PDT, radiotherapy,
intralesional chemotherapy, topical immunotherapy (imiquimod 5% cream),
antiviral drugs (e.g., cidofovir), and cessation/alteration of immunosuppressive
medication in iatrogenically immunosuppressed patients. The latter can prove
challenging in many organ transplant recipient patients, and one option is substi-
tuting sirolimus for other immunosuppressive agents, which has been shown to
improve KS lesions without sacrificing the much needed immune suppression
required in these patients. For patients with symptomatic visceral involvement, or
rapidly progressive cutaneous disease, systemic chemotherapies (e.g., doxorubicin,
vincristine, etoposide, bleomycin, or docetaxel), systemic retinoid, or
immunotherapy (e.g., interferon-alpha) are used. For AIDS-related KS, although
initial disease progression may occur at initiation of HAART, the KS tends to
improve with proper control of AIDS [20, 25, 114, 116].

Dermatofibrosarcoma Protuberans

Dermatofibrosarcoma protuberans (DFSP) is a rare cutaneous soft tissue sarcoma
that accounts for less than 0.1% of all malignancies [3, 117]. It is characterized by
an indolent growth and tendency to recur after excision. It has an overall good
prognosis with a 10-year relative survival of 99% [118]. Although locally
aggressive, DFSPs rarely metastasize (<5% of cases). Metastases typically arise
from lesions with multiple local recurrences, and spread is predominantly to the
lungs via the hematogenous route [117, 119]. DFSP typically occurs on the trunk as
an asymptomatic, solitary, slowly growing, skin colored/red-brown or violaceous
indurated plaque that can develop a bulging (protuberant) surface over the course of
months to years (Fig. 16.8). The size usually ranges from 1 to 5 cm; however,
neglected lesions may grow to more than 20 cm in diameter and develop satellite
nodules. Initially, it is fixed only to the overlying skin, but it can invade fascia,
muscle, and bone if left untreated [117]. The majority (*95%) of DFSP harbor a
translocation between 17q22 and 22q13 chromosomal regions leading to the fusion
of collagen 1A1 (COL1A1) and platelet-derived growth factor b-chain (PDGFB)
genes. This results in upregulation of a COL1A1–PDGFB fusion protein, leading to
activation of the PDGF receptor and subsequent cellular proliferation [119].
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The overall incidence of DFSP is 4.1 per 1,000,000 person-years, [118] with a
peak incidence in the 40 s. Recent large-scale studies consistently show that DFSP
incidence rates in blacks are higher than whites or Asians: incidence rate in blacks
is 6.4/1,000,000 person-years versus whites 4.4/1,000,000 person-years versus
Asians 2.7/1,000,000 person-years. In addition, higher mortality rates are associated
with the black race [6]. Pigmented DFSPs, also known as Bednar tumors, are a rare
variant making up <5% of DFSPs. They contain melanin-bearing dendritic cells
with Schwann cell differentiation and occur most commonly in black individuals
[3, 4, 117].

Given the locally aggressive nature of DFSP, adequate histopathological clear-
ance of margins is the most important prognostic factor for local disease control.
The treatment of choice is excision with wide local margins (2–4 cm) or Mohs
surgery. Other treatment options in advanced disease include adjuvant radiation or
systemic medication (e.g., imatinib mesylate, a tyrosine kinase inhibitor that targets
many receptors including the PDGF receptor) [119, 120].

Fig. 16.8 Dermatofibrosarcoma protuberans. A large firm pink-brown nodule on the shoulder
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Merkel Cell Carcinoma

Merkel cell carcinoma (MCC) is an uncommon neoplasm caused by a malignant
proliferation of highly anaplastic cells with features suggestive of neuroendocrine
origin. The tumor has an aggressive biological behavior, with only 0.08% of cases
diagnosed as in situ disease in the literature [121]. There is some controversy
regarding the cellular origin of MCC. Tumor cells share various morphological,
immunohistochemical, and ultrastructural features with Merkel cells, a
mechanoreceptor in the basal layer of the epidermis. However, differences in the
expression of phenotypic markers exist as MCC express c-kit (CD117) and neural
cell adhesion molecule L1 (CD171), and it lacks the expression of vasoactive
intestinal peptide and metenkephalin which are specific to Merkel cells [122].
Furthermore, polyomavirus, a critical etiologic factor in the development of MCC,
does not seem to infect Merkel cells. Lastly, extracutaneous neuroendocrine tumors
display characteristics similar to MCC. Thus, some pathologists use the term
‘primary neuroendocrine carcinoma of the skin’ over MCC. Although there is no
definitive evidence supporting the cell of origin of MCC, in the last two decades,
MCC has been shown to demonstrate various lines of differentiation (e.g., epithe-
lial, eccrine, sarcomatous, lymphocytic, and other non-endocrine epithelial ele-
ments) [122, 123]. This suggests the possibility of MCC being derived from a
progenitor cell (stem cell) capable of differentiating along these lines [122, 124].

Merkel cell polyomavirus (MCPyV) is an important etiologic agent in the
pathogenesis of MCC and is identified in *80% of cases, although perhaps sig-
nificantly less commonly in Australian patients [122]. The viral genome is clonally
integrated into the host genome, and all tumor progenitor cells, both early stage and
metastases, display the same viral genome, suggesting that viral infection happens
early during tumorigenesis [123]. The virus is ubiquitous in the general population
and is thought to be acquired in childhood as an asymptomatic infection. MCPyV+
and MCPyV− tumors demonstrate biological differences. MCPyV− tumors have
been associated with a number of mutations including p53, often associated with
UV-damage, as well as NOTCH, NF1, FGFR2 and PI3/AKT pathway. MCPyV+
tumors tend to have a relatively lower mutational burden and lack UV-signature
mutations [125]. Phylogenetic analyses has demonstrated the existence of 5 major
MCPyV genotypes which relate to different ethnic/geographical backgrounds
and include (i) Europe/North America/Caucasian, (ii) Africa [sub-Saharan],
(iii) Oceania, (iv) South America/Amerindian, and (v) Asia/Japan. Further analyses
over time may shed more light as to the significance of these genotypes in the
pathogenesis of MCC in different ethnic groups and whether this may have any
biological significance [126]. Immune suppression, particularly in cellular immu-
nity, is also felt to play a role in the pathogenesis of MCC. The tumor is more
frequently seen in the elderly, in AIDS and chronic lymphocytic leukemia patients,
and in organ transplant recipients. In addition, withdrawal of immunosuppression
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has been shown to lead to complete tumor regression [121]. There is also evidence
suggesting that sun exposure, as well as PUVA treatment, is associated with the
development of MCC. UV light may cause local immunomodulation by reducing
epidermal T cells and Langerhans cells and inducing hapten tolerance [122].

MCC usually presents in the elderly (over 70 years) and is more common in
men. The most common site of presentation is the sun-exposed area of the head and
neck in whites and Asians, while in blacks it tends to occur on the lower extremities
[3, 121, 127]. Clinically it presents as a solitary, rapidly growing, non-tender,
red-violaceous, firm, dome-shaped, nodule or plaque, with a shiny surface and
overlying telangiectasia that may ulcerate [124]. Diagnosis is confirmed with a skin
biopsy and immunohistochemical staining with neuroendocrine markers and
cytokeratins. Thyroid transcription factor 1 (TTF-1) and CK7 are negative in MCC,
which helps to differentiate it from cutaneous metastasis of small cell carcinoma of
the lung which can also show similar morphology and expression of neuroen-
docrine markers and cytokeratins [122].

Most reported patients from 1973-2006 SEER database are white (*95% of
cases), with the tumor being very rare in Asians, American Indians and Pacific
Islanders (*4% of cases), and blacks (*1% of cases) [121]. A large series found
the annual age-adjusted incidence rate of MCC from 1986-1994 to be 0.01 in blacks
compared with 0.23 in whites per 100,000 [3]. According to SEER data, there was
an increase in the incidence of MCC between 1986 and 2011 by 8% per year,
though it is unclear whether this increase is due to an increasingly aging population
versus better detection of the cancer [122].

MCC is a locally aggressive tumor with significant risk of recurrence. It is treated
surgically with wide local excision of 1–2 cm margins down to fascia with the goal
of achieving clear surgical margins. Mohs micrographic surgery can be considered
when tissue sparing is critical due to the anatomic location of the tumor. In the past,
SLNB was controversial in MCC patients, but recent data shows pathologically node
negative disease has a better prognosis than clinically node negative MCC irre-
spective of tumor size, and hence SLNB is recommended in nearly all clinically node
negative cases in the most recent NCCN guidelines. Pathologically involved nodes
are managed with complete lymph node dissection with or without radiation. MCC
is very radiosensitive and radiation can be useful as adjunctive treatment and can
improve locoregional control, though it may not improve overall survival. It does not
offer much benefit in SLNB negative cases but is useful for locoregional control in
inoperative cases. Chemotherapy using platinum-based agents +/− etoposide may be
utilized palliatively in advanced cases, though it is hard to achieve a durable
response, and treatment can be associated with significant toxicity. More recently,
immunotherapy has been an emerging therapeutic option in MCC with immune
checkpoint inhibitors demonstrating durable responses in some patients by reacti-
vating antitumor cellular immune responses [125].
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Conclusion

Skin cancer is less common in persons of color compared to Caucasians. When it
does occur, however, it often carries a poorer prognosis with higher morbidity and
mortality. This has been attributed to many factors including: atypical location or
appearance of skin cancer, lack of public awareness campaigns targeting non-white
persons, false cultural convictions that darker skinned individuals do not develop
skin cancer, and low socioeconomic status with difficulty accessing healthcare, all
of which can lead to a delay in diagnosis and advanced disease at the time of
presentation. In addition, it is possible that at least some of the skin cancers in POC
have inherently biologically more aggressive behavior. As the US demographics
evolve over time with greater representation of the ethnic minorities, skin cancer in
POC will prove to be an increasingly more significant public health concern. It is
therefore important for clinicians to familiarize themselves with the characteristic
presentation and behavior of skin cancer in POC, particularly as they can vary in
their clinical appearance and as the body areas involved by skin cancer in this group
often tend to be overlooked during routine skin exams. Public education programs
should be expanded to take into account the diversity in culture, beliefs, and lan-
guages among this growing heterogeneous group and to stress the importance of
photoprotection, avoidance of tanning beds, and routine self-conducted examina-
tion to allow early detection and treatment of skin cancer. A collaborative endeavor
from physicians, patients, and healthcare officials is needed to help decrease the
morbidity and mortality caused by skin cancer in POC.
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Chapter 17
Pediatric Dermatology

Lubna H. Suaiti, Yasin A. Damji and Margaret S. Lee

A major theory regarding the evolution of skin pigmentation is defense against
folate photoproteolysis, as folate is necessary for normal nucleic acid biosynthesis
[1]. Thousands of years of migration from our origins in Africa, the distance from
the equator, and different environmental parameters are believed to play roles in
genetic selection and variations in skin color [2–5]. This chapter will discuss skin
conditions that are commonly observed in patients with skin of color or that phe-
notypically differ compared to presentations in light skin; for example, erythema is
not as easily distinguished or might have a violaceous or brown hue in dark-skinned
patients. Also, pigmented skin may demonstrate variant responses to skin disease,
including pigment lability, follicular vs hyperkeratotic presentations, mesenchymal
(granulomatous or keloidal) reactions, and bullous lesions [6, 7]. Normal pigmented
skin findings, birthmarks, and pediatric hair disorders will also be discussed. We
end with a brief review of the psychosocial impact of congenital and acquired skin
conditions, a fundamental aspect of the patient and family experience in pediatric
dermatology.
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Birthmarks

Congenital pigmentary lesions vary according to race, sex, and type of birthmark.
Birthmarks are either localized and limited to having potential psychosocial impact
(discussed later in this chapter) or are extensive and might signify systemic
involvement [8–11]. In this chapter, we will review birthmarks that are due to
pigment changes, as they are more common among dark-skinned newborns. There
is generally no treatment available for pigmented birthmarks, although laser therapy
is sometimes helpful.

Dermal Melanocytosis

Between the 11th and 14th weeks of gestation, dermal melanocytes migrate from
the neural crest to the epidermis or undergo apoptosis; however, some dermal
melanocytes persist at the time of birth and produce melanin within the dermis [12].
Hepatocyte growth factor and other gene mutations, i.e., GNA11 (G protein subunit
alpha 11) and GNAQ (G protein subunit alpha G), are believed to play a role in
dermal melanocyte survival in head and neck, distal extremities, and sacral skin
area resulting in Nevus of Ota, Nevus of Ito, blue nevus, and Mongolian spots. The
Tyndall effect, an optical phenomenon, results from reflection of dermal pigment
giving the bluish appearance of dermal melanin [12–14].

Mongolian Spots

The most common form of congenital dermal melanocytosis is usually referred to
as Mongolian spots, occurring in approximately 90% of infants of color all over the
world [15, 16]. They typically are observed at birth as blue-gray or slate gray
patches on the lumbosacral region, and fade partially or completely over a period of
years. “Aberrant” Mongolian spots can be found in extra-sacral locations.
Superimposed Mongolian spots have been reported (a darker macule or patch
overlying a lighter colored patch) [13]. Extensive Mongolian spots at birth or
persistent Mongolian spots in older children may be associated with lysosomal
storage diseases, i.e., Hurler disease, GM1(monosialotetrahexosylganglioside)
gangliosidosis, Mucopolysaccharidosis type II, and Niemann–Pick disease [17].
Extensive Mongolian spots are also seen in phakomatosis pigmentovascularis;
careful physical exam is crucial to identify coexisting vascular birthmarks, which
might be difficult to appreciate in darkly pigmented patients [13, 16, 17]. It is
important to note uniformity of color and chronicity, to avoid confusing these
birthmarks with ecchymoses due to child abuse or neglect (Fig. 17.1).
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Nevus of Ota (Oculodermal Melanocytosis/Nevus Fuscoceruleus
Ophthalmomaxillaris)

Nevus of Ota is common among Asians and other females with skin of color [18]. It
is usually a unilateral blue-gray or brown mottled patch, located on skin and
mucous membranes innervated by the ophthalmic and maxillary branches of the
trigeminal nerve. Approximately 5% are bilateral [19]. Up to 70% of patients have
ipsilateral scleral involvement. It presents shortly after birth and darkens around
puberty or may not be obvious until puberty, when it is thought that hormones
stimulate pigmentation [18, 20–23]. Although rare, cutaneous, choroidal or lep-
tomeningeal melanoma has been reported within nevus of Ota [24, 25].

Nevus of Ito (Nevus Fuscoceruleus Acromiodeltoideus)

Clinically and histologically similar to nevus of Ito, this form of dermal
melanocytosis is located on the posterior supraclavicular, scapular, and deltoid
areas (lateral cutaneous nerve distribution) [19, 26]. Malignant melanoma trans-
formation within nevus of Ito has been reported [27]. Coexistence of nevus of Ito
with nevus spilus [26] or nevus of Ito with nevus of Ota [19] have been described.

Fig. 17.1 Dermal melanocytosis on an infant’s back mimicking ecchymoses
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Blue Nevus (Dermal Melanocytoma)

Blue nevi are congenital in 25% of cases, and 75% are acquired during childhood or
later in life. They are usually solitary, blue or blue-black papules on the scalp,
sacral, and extensor distal extremities [23, 28]. Giant congenital blue nevi are rare,
commonly seen on the scalp, with risk of malignant transformation during child-
hood or later in life [28, 29]. Blue nevi are categorized as common (1 cm or less,
often located on the dorsal hand), cellular (1–3 cm, most often on the buttock and
sacral area), or epithelioid (sporadic or in association with Carney complex, usually
on trunk and extremities) [23, 28–30]. It is challenging to differentiate atypical
cellular blue nevi from malignant blue nevi histologically.

Café-Au-Lait Macules

Café-au-lait macules (CALMs) are a very common finding in the general popula-
tion; prevalence of CALMs in large cohort studies range from 0.3 to 2.7% of
newborns [11, 31, 32]. In one large cohort study, 18.3% of black infants versus
0.3% of white infants were found to have CALMs at birth [11]. These are solitary
or multiple, well-defined, evenly pigmented brown macules or patches. Smooth
borders are described as “coast of California” while serrated borders are described
as “coast of Maine.” Average size is 0.2–4 cm in newborns and 1.5–30 cm in older
children [32]. Histopathologic examination reveals increased melanin content in the
basal layer as well as in melanocytes, with no evidence of increased melanocytic
infiltration. Multiple CALMs could be a normal finding with no other systemic
disease association (1.9% of normal children with skin of color reportedly have
more than 2 CALMs) or might signify systemic involvement in the context of
several genetic disorders. Neurofibromatosis 1, neurofibromatosis 2, ring chromo-
some syndrome, and Watson syndrome are most closely associated with multiple
CALMs, and McCune Albright syndrome with large/segmental CALMs [32]. Other
systemic disorders with questionable association with CALMs include tuberous
sclerosis, ataxia-telangiectasia, Bloom, and Silver–Russell Syndromes [31, 32]. Full
discussion of associated genodermatoses is beyond the scope of this chapter.

Patterned Pigmentation (Pigmentary Mosaicism)

Patterned pigmentation refers to hyper- or hypopigmentation that results from two
different cell clones (chromosomal mosaicism) [33–35]. A wide range of clinically
distinct presentations include linear Blaschkoid, broad checkerboard (flag-like), and
phylloid (leaf-like) hyper- and hypopigmentation. Patterned pigmentation is rarely
associated with cutaneous, skeletal, and neurological abnormalities. Cases are

288 L.H. Suaiti et al.



sporadic; however, a few familial cases due to functional (epigenetic) modification
of autosomal genes have been described [34, 35].

Linear Nevoid Hypomelanosis Versus Linear and Whorled Nevoid
Hypermelanosis

Linear nevoid hypomelanosis, also known as hypomelanosis of Ito (HI), describes
hypopigmented Blaschkoid linear swirls and streaks [36, 37]. It presents at birth or
during childhood as a result of somatic mosaicism with two clones of cells, where
one clone produces less melanin. It affects males and females with no racial
predilection; however, it is easier to appreciate in darker skinned patients [36, 38].
Reported association with neurologic, ocular, and musculoskeletal abnormalities
varies widely, between 30 and 94% of patients; it is now believed that the lower
estimates are more likely [37].

Conversely, linear and whorled nevoid hypermelanosis (LWNH) involves
hyperpigmented linear swirls that follow Blaschko’s lines due to pigmentary
mosaicism causing increased melanin in one clone. Similar to HI, it has been
associated with ocular, musculoskeletal, and neurological abnormalities, but in both
conditions the risk of extracutaneous abnormalities should not be overemphasized
to patients and parents. In one case review of 16 cases with LWNH, only one out of
six patients with extensive LWNH had extracutaneous abnormalities [39].
Dermoscopic exam shows linear and circular streak-like pigmentation organized in
a parallel linear manner [40]. Differential diagnoses include incontinentia pigmenti
and macular/early epidermal nevus. Histopathology reveals increased basal layer
hyperpigmentation with no melanophages [33].

Pigmentary Demarcation Lines

Pigmentary demarcation lines, also known as Futcher’s lines or Voight’s lines, are
normal in skin of color and persist through adulthood [41]. They represent an abrupt
transition of pigmentation established during fetal development [42–44]. The most
commonly observed lines are found on the anterolateral upper arms and postero-
medial legs (Fig. 17.2a, b).

Transient Infantile Patterned Hyperpigmentation

An often-overlooked diagnosis, transient infantile patterned hyperpigmentation is a
benign condition that fades over a few months [45]. Skin examination reveals
multiple transverse, parallel pigmented thin lines on the extremities and/or torso. In
contrast to hormonal hyperpigmentation of the genitals and areolar skin, transient
infantile patterned hyperpigmentation is believed to be due to intrauterine fetal
position and friction [45, 46].
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Pigmented Nevi

Many pigmented lesions are benign and more frequently observed in children of
color. Mucosal hyperpigmentation has been reported in 72–100% of darker skinned
populations, with 25% onset before the age of 10. Positive family history is usually
elicited. Scleral hyperpigmentation is reported in 78%, 8% before the age of 10 [6].
Hyperpigmented palms, melanonychia (pigmented nail plate), and congenital
melanocytic nevi are also common.

Melanonychia and Nevi of the Nail Matrix

Longitudinal melanonychia, also known as melanonychia striata, represents mela-
nin deposition within the nail plate. While 5–10% of longitudinal melanonychia in
adults are due to malignant melanoma, no cases of invasive melanoma have been
reported in association with pediatric longitudinal melanonychia [47].
Melanonychia presents as a longitudinal hyperpigmented band with variable widths
(up to complete involvement of the nail plate) affecting fingernails, especially
thumbs, more often than toenails [47, 48]. Color can vary from bluish-gray, brown,
to black. Melanonychia of childhood is predominantly caused by benign lentigines
and melanocytic nevi, much less commonly due to atypical melanocytic nevi or
malignant melanoma in situ. Biopsy or surgical excision is recommended only for
lesions with concerning signs: irregularity of pigmentation or borders, width of the
pigmentation exceeding 3 mm, hazy border, Hutchinson’s sign (pigmented proxi-
mal or lateral nail bed), irregular pigmented lines on dermoscopy, and rapid evo-
lution [48].

Fig. 17.2 a Futcher’s line on the upper arm. b Futcher’s line on the posterior leg
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Congenital Melanocytic Nevi (CMN)

Congenital melanocytic nevi are melanocytic neural crest-derived hamartomas,
common in skin of color. They occur as a result of unregulated melanoblast growth
between the 5th and 24th weeks of gestation. Approximately 1% of newborns are
affected, with slightly higher female prevalence [49]. Giant CMN have different
histological elements because they originate from pluripotent stem cells and are
difficult to evaluate using dermoscopy, as the cells extend deeper into the dermis
and subcutaneous tissue [49, 50]. Hypertrichosis, perifollicular hypo/
hyperpigmentation, pseudomilia, and vascular structures are common dermo-
scopic findings of CMN [50]. Neurocutaneous melanosis (NCM) is a melanocytic
proliferation of the leptomeninges (brain and/or spinal cord) that occurs in asso-
ciation with larger and axial CMN [50]. Diagnosis and management is the same for
all skin phototypes.

Disorders of Late-Onset and Secondary Hyperpigmentation

Hyperpigmented lesions occurring beyond infancy include entities of congenital
origin. Dermal melanocytosis can manifest later in life, i.e., Nevus of Ito, Ota-like
(Hori nevus), and acquired dermal melanocytosis of the hands [51, 52]. Also,
late-onset linear and whorled nevoid hypermelanosis in a zosteriform distribution
has been reported [53].

Becker’s Nevus (Pigmented Hairy Epidermal Nevus)

Becker’s nevus is thought to be a hamartomatous congenital lesion of ectodermal
and mesodermal origin where the pigmentation usually presents years later, although
congenital cases have been described [54]. A pigmented patch may appear during
childhood then darken during puberty along with coarse hair development. Males are
more often affected. Androgen is believed to play a major role in its development. It
is usually unilateral, on chest, shoulder, lateral arm, and scapular regions.
Hypertrichosis and acneiform lesions may be seen within Becker’s nevus. Rare cases
have been reported involving hands, feet, and segmental face with mucosa [55].
Becker’s nevus syndrome is characterized by association with musculoskeletal
abnormalities such as ipsilateral mammary hypoplasia or odontomaxillary dysplasia
[56, 57]. Treatment is mainly reassurance and camouflage. Laser treatment of the
hypertrichosis may be attempted with low-fluence high-repetition-rate diode lasers
(808–810 nm) [58], and the pigmentation has been treated with long-pulsed ruby
laser [59] and fractional resurfacing [60], although greater risk of dyspigmentation
exists for patients of color.
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Postinflammatory Hyperpigmentation

Many dermatologic diseases heal with hyperpigmentation or hypopigmentation,
especially in darker skinned patients [61, 62]. The exact mechanism is not fully
understood; however, many inflammatory mediators have been found to increase
melanogenesis, such as interleukin 1 and 6 [62]. Other studies have suggested that
epithelial–mesenchymal interactions via growth factors such as keratinocyte growth
factor and fibroblast-derived growth factor modulate melanogenesis [63].

Friction Hypermelanosis

Friction hypermelanosis is an acquired hyperpigmentation resulting from continu-
ous rubbing of the skin [64, 65]. Friction hypermelanosis is common in darker skin
but it is not commonly observed in infants or young children. Unique curvilinear
hyperpigmented patches were described in infants wearing tight socks and mittens
for a prolonged length of time, also known as sock-line and mitten-line hyper-
pigmentation. The differential diagnosis includes child abuse and amniotic band
syndrome [66]. Vertically oriented, round, discrete, hyperpigmented patches
overlying the lumbosacral area have been described in an institutionalized orphan
as a result of repetitive backward and forward movement, inspiring the name
“orphan rocker tracks” [67]. A similar hyperpigmentation, Davener’s dermatosis,
has been described among young orthodox Jewish males who perform repetitive
rocking motions during religious rituals [65].

Idiopathic Eruptive Macular Pigmentation

This condition presents in children and adolescents with sudden onset of multiple
brown nonconfluent macules on the trunk, neck, face, and proximal extremities
with no preceding inflammatory skin disease or medication administration [68, 69].
The pathogenesis in unknown, although hormonal etiology, has been suggested
[68]. Histopathologic exam reveals basal cell layer hyperpigmentation and occa-
sional dermal melanophages without structural changes in the basal layer or
lichenoid inflammatory infiltrate. It is important to differentiate it from ashy der-
matosis in which the macules are gray, sometimes with erythema, and basal layer
vacuolization. Other differential diagnoses include pityriasis versicolor, urticaria
pigmentosa, café-au-lait macules, and postinflammatory hyperpigmentation [68,
70]. It resolves over the course of a few months to years [68].
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Reticulate Hyperpigmentation

Skin disorders with reticulate hyperpigmentation (net-like pattern) are not very
common, and they can be idiopathic, genetic, or drug-induced. Family history, age
of onset, race, sex, and distribution as well as full hair and skin exam are important
when approaching the patient [71]. Confluent and reticulated papillomatosis
(CARP) usually affects peripubertal females, presenting with reticulated hyper-
pigmented patches, papules, and plaques on the chest and upper back, sometimes
axillae [72]. Prurigo pigmentosa, which has a similar distribution to CARP but
affects young Japanese females, presents with pruritic inflammatory papules that
heal with reticulate hyperpigmentation [73]. Both disorders have shown response to
oral minocycline [74] and other tetracyclines.

Genetic disorders with reticulate hyperpigmentation are rare [75]. They can be
generalized, flexural, and acral. Genital reticulate hyperpigmentation in association
with vitiligo on the same skin area has been described [71, 75].

Disorders with Later Onset Hypopigmentation
and Depigmentation

Postinflammatory Hypopigmentation and Depigmentation

Although acquired partial or total pigment loss affects all skin types, it is more
noticeable and troublesome for darker skinned patients. Certain skin diseases have a
tendency to resolve with postinflammatory hypopigmentation, including lichen
striatus and pityriasis lichenoides chronica; infections such as impetigo, pityriasis
versicolor, and chicken pox; and skin injuries such as burns and cryotherapy [76].
LeukotrieneC4 released during inflammationwas found to reducemelanogenesis [62].

Vitiligo

Vitiligo is a common disorder of acquired depigmentation, affecting 1–2% of the
world population [77]. About half of the cases occur before the age of 20 and about
one-fourth of total cases occur before the age of 8. No gender or skin phototype
predilection is known [77, 78]. The underlying pathogenesis includes autoimmunity,
genetic, neurologic, and biochemical events resulting in destruction of melanocytes
[77–79]. Hypopigmented and depigmented macules or patches with focal, general-
ized, or segmental distribution is observed [77]. Trichrome vitiligo represents the
combination of hypopigmentation, depigmentation, and normal skin pigment in the
same patient [80]. Treatment of childhood vitiligo remains challenging; about
one-third of patients do not respond to treatment [77–79]. Topical treatment is
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preferred in childhood vitiligo if less than 20%of body surface area (BSA) is involved,
and includes topical steroids, topical calcineurin inhibitors, and calcipotriol.
A combination of these may yield a better response in patients who have failed
monotherapy [78]. Camouflage is a good option for small lesions or when side effects
are a concern. Other treatment options include narrow-band UVB, excimer laser,
surgical approaches including epidermal autotransplantation, intralesional steroid
injection, and total depigmentation for themost extensive involvement [78, 79].Many
of these are difficult to perform on children without sedation.

Pityriasis Alba

Pityriasis alba is a common skin disorder affecting children 3–16 years of age, with
higher incidence reported in patients of color and the atopic population [81–83]. It
may be a mild form of atopic dermatitis, with spontaneous relapse and remission.
Clinically, it can present with subtly erythematous and scaly, poorly defined small
patches, typically on the cheeks, then hypopigmented patches with minimal to no
scale [83]. Most patients present with poorly defined hypopigmentation and deny
preceding inflammation. Differential diagnosis includes postinflammatory
hypopigmentation and pityriasis versicolor. Photoprotection, emollients, topical
tacrolimus [84], and low potency topical steroids may improve pityriasis alba [81].

Progressive Macular Hypomelanosis

Progressive macular hypomelanosis manifests as hypopigmented, non-scaly mac-
ules coalescing over the trunk. It usually affects adolescents, with no gender
predilection [85]. Pathology shows only reduced melanin content compared to
normal skin. The etiology remains unknown, although a Propionibacterium species
is thought to play a role, causing red fluorescence under Wood’s lamp and in some
cases improving after treatment with benzoyl peroxide 5% gel with or without
clindamycin 1% lotion [86–88]. Other treatment options include psoralen and
Ultraviolet A (PUVA), narrow-band Ultraviolet B, and oral tetracycline derivatives
[85, 87]. It is important to counsel the patient regarding the course and the outcome
of the disease, as recurrence after successful treatment is often reported, and it may
take up to 5 years before spontaneous regression, if any, is observed [85].

Clear Cell Papulosis

Clear cell papulosis is a rare entity predominantly affecting Asian children, between
4 months and 5 years of age. It presents with multiple asymptomatic non-scaly
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hypopigmented macules or thin papules on the lower abdomen and tends to follow
mammary lines [89–92]. Pathology shows normal basal keratinocytes admixing
with larger keratinocytes characterized by pale cytoplasm that stain positive for
cytokeratin 7, EMA, CEA, and AE; therefore, some authors consider it a benign
form of extramammary Paget disease [93]. Not all cases display reduced basal
pigmentation, so the exact etiology of hypopigmentation remains unknown.
Spontaneous regression has been reported [93].

Dermatitis

Atopic Dermatitis

Atopic dermatitis (AD) is the most common pediatric skin disorder; more than
two-thirds of patients present before the age of 5 years [94, 95]. Genetic predis-
position, barrier dysfunction, and cytokine signaling along with immunoglobulin
switching are thought to contribute to etiology, and interestingly, recent studies
have concluded that pediatric AD differs from adult AD in their pathophysiology
[96, 97]. For example, pediatric AD patients display increased expression of CD69
on T cells soon after CD4 and CD8 are activated, but lower levels of IL-22, which
increases susceptibility to infection [97]. IL-22 is believed to induce epidermal
hyperplasia, suggesting that it plays an important role in chronic lesions, seen more
in adults than in children with AD. About two-thirds of pediatric patients outgrow
their AD within 10 years, likely due to upregulation of TH1 and TH17, resulting in
decreased TH2 and TH22 levels [97].

African American (AA) patients reportedly have a higher incidence rate of AD,
and of greater severity, compared to Asians and Caucasians [96]. Although studies
on the structure and function of ethnic skin are limited and somewhat controversial,
with conflicting results, some have shown that AA patients have the lowest
ceramide-to-cholesterol ratio in the stratum corneum, higher transepidermal water
loss, lower response to capsaicin, and decreased itch signaling due to lower pH
levels in their skin [95, 98]. Genetic susceptibility also seems to differ in AA
patients. Fewer AA patients have filaggrin mutations than their Caucasian coun-
terparts, where filaggrin mutation is linked to AD susceptibility and severity [95].
Caucasian AD patients tend to develop eczematous plaques on extremity flexor
surfaces while AA patients tend to alternatively or additionally develop discrete
follicular papules, prurigo nodularis and lichen simplex chronicus or lichen
planus-like lesions on the extensor extremities (Fig. 17.3). The infraorbital crease
(commonly referred to as Dennie–Morgan lines) is a minor feature of AD often
seen in AA and Asian patients, but is common among darker skinned children
regardless of atopy, so its presence should not be overemphasized in diagnosing AD
in these patients [99].
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Clinicians should tailor management toward individual symptoms and severity
of skin findings (including degree of lichenification or presence of prurigo nodules),
as well as comorbidities such as food and environmental allergies or superinfec-
tions. First-line therapy always involves optimization of baseline skin care using
bland, hypoallergenic emollients, and cleansing regimens, and the safe but effective
use of topical corticosteroids. Alternative or adjunctive strategies include wet
wraps, antihistamines, calcineurin inhibitors, other nonsteroidal anti-inflammatory
topicals, nb-UVB phototherapy, and systemic immunosuppressants [94, 95].
Phototherapy and systemic medications are reserved for severe, recalcitrant cases.
Cyclosporine is often used as a first-line systemic agent due to its relatively rapid
effect, and stopped upon resolution of clinical flaring or after transitioning to safer
long-term systemic agents such as methotrexate, azathioprine, or mycophenolate
mofetil [100, 101]. Several biologics are in clinical trials at the time of this printing.

Fig. 17.3 Atopic dermatitis in a child with thick, lichenified plaques
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Treatment of pediatric AD patients is the same regardless of skin pigmentation;
however, while managing AA patients with AD, a few points should be considered.
Hypopigmentation is usually postinflammatory but patient/parent concerns over
corticosteroid-related hypopigmentation may affect compliance. Thicker plaques
usually require more potent corticosteroids or topical treatment under occlusion [95].
Risk of azathioprine toxicity is higher in the AA population due to altered dosing
requirements; there is reportedly a 20–30% decreased oral bioavailability and 17%
reduction in thiopurine methyltransferase activity in these patients [102]. And
finally, higher doses of nb-UVB may be needed to treat AA patients with AD [95].

Allergic Contact Dermatitis

Allergic contact dermatitis (ACD) in children is not uncommon and may even occur
in early infancy [103]. Females are affected more than males [104]. Nickel remains
the number one antigenic culprit; other common allergens include fragrance mix,
lanolin, thimerosal, and neomycin [103, 104]. ACD in skin of color may be missed
by clinicians unfamiliar with cultural practices, such as henna body art and early
skin piercing, and undertreated by those unfamiliar with lichenification or lichenoid
dermatitis as features of ACD in skin of color, or those who do not look for subtle
erythema in pigmented skin [6]. Intricate skin art using traditional red henna (leaves
of the plant Lawsonia inermis crushed into essential oils) is common in the Indian
subcontinent and the Middle East, but ACD to red henna is rare; allergic contact
dermatitis is more often caused by adulterated products termed ‘black henna’ in
which p-phenylenediamine (PPD) is admixed with red henna [105]. Keloidal
lesions, an erythema multiforme-like targetoid reaction, bullous, and generalized
dermatitis due to black henna have been reported [105]. Patch testing may be
needed to confirm a contact allergen [104], but patients should be cautioned about
dyspigmentation in patch test sites. Education, allergen avoidance, and topical
corticosteroids or steroid sparing agents for active dermatitis are all important in the
management of ACD [106].

Seborrheic Dermatitis

Seborrheic dermatitis (SD) is a very common skin disorder that affects patients of
all ages [107]. Incidence in infants reaches 42% [108]. Malassezia furfur over-
growth and/or hypersensitivity are thought to contribute to the etiology of SD,
especially in adults, but the etiology of infantile SD remains uncertain; metabolic
disturbance of essential fatty acids is assumed to play a role in the pathogenesis
[109] while other studies have concluded that Pityrosporum ovale is likely to be the
cause of infantile SD [110]. SD presents with nonpruritic, scaly, erythematous
lesions on the scalp, face (eyebrows and paranasal skin), retro-auricular folds,
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flexures, and diaper region [107]. In dark-skinned patients, the erythema is not
easily distinguished, and patients may present with scalp dandruff and hyperker-
atosis that can be mistaken for tinea capitis, atopic dermatitis, or scalp psoriasis
[111]. Also, they may present with hyper- or hypopigmented scaly lesions. Topical
preparations are usually used to treat infantile SD, e.g., mineral oil or bland
emollients to loosen scale, 2% ketoconazole shampoo, and topical steroids used
with caution to prevent systemic absorption or atrophy [110].

Papulosquamous Disorders

Psoriasis

Psoriasis is a common chronic inflammatory skin disorder that affects children with
an annual incidence of 40.8/100,000 found in one study of the US Midwest [112].
Similar to adults, the most common type of psoriasis in children is plaque-type
psoriasis [113, 114]. Guttate, inverse, palmoplantar, and pustular psoriasis are also
seen in pediatric patients [114, 115]. Guttate psoriasis is more often seen in chil-
dren, tends to follow streptococcal infection more often than in plaque-type pedi-
atric psoriasis, and tends to predict more severe psoriatic disease [116]. Scalp
psoriasis was found to be more prevalent in girls while nail psoriasis was more
common among boys. Nail psoriasis does not correlate with disease severity in
pediatric patients, in contrast to what is observed in adults [113, 115]. Darker skin
pigmentation may complicate the assessment of psoriasis severity beyond the
greater difficulty observing erythema; one study found thicker plaques and more
dyspigmentation in psoriasis in patients of color as compared to Caucasians [117].
Also, scalp psoriasis lesions in dark-skinned children may be more hyperkeratotic
than in patients with lighter skin [111].

Pediatric psoriasis is generally treated with emollients, keratolytics, corticos-
teroids, and steroid sparing agents [118]. No standard guidelines exist for pho-
totherapy, systemic, and biologic drugs for pediatric psoriasis [118]; many protocols
are derived from adult psoriasis treatment regimens and other specialists’ experience
with biologics and systemic drugs used to treat children with rheumatoid arthritis,
hematological malignancies, and Crohn’s disease [118–120]. Psychological support
is crucial for children with psoriasis, given that it is associated with obesity,
hypertension, diabetes mellitus, and psychosocial stress [118, 121].

Pityriasis Rosea

Pityriasis rosea (PR) is a papulosquamous skin disorder of uncertain etiology that
affects young individuals worldwide [122, 123]. It may be associated with human
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herpes virus 6 and 7. PR typically manifests as mildly pruritic erythematous thin
papules and plaques with few scales on the trunk, erupting within a few weeks of the
appearance of a herald patch—a single, relatively larger patch or plaque with raised
scaly margins [122]. Atypical variants have been described, including inverse,
unilateral, erythema multiforme-like, and generalized papular and papulovesicular
PR [124–127]. Case reports and studies of dark-skinned individuals with this
eruption have reported reduced or absent erythema, thicker scale, and significant
itching in comparison to PR in light-skinned patients [123]. In addition, generalized
papular, follicular, and erythema multiforme-like variants were noticed to be more
prevalent among dark-skinned and Indian patients [124, 126, 127]. Facial distri-
bution is also observed among African Americans with pityriasis rosea [123, 125].
About two-thirds of dark-skinned patients with PR heal with hyperpigmentation
while postinflammatory hypopigmentation tends to be noticed after the papular
variant resolves [123]. Pityriasis rosea tends to heal spontaneously; treatment is
mainly to control the itching using antihistamines, emollients, and topical steroids.
Phototherapy, systemic antibiotics, and antivirals have been used in severe and
recalcitrant cases with different results [123, 128, 129]. The dyspigmentation left by
this benign condition can be very obvious and quite upsetting to patients and parents.

Lichen Planus

Lichen planus (LP) is a chronic pruritic skin disorder that mainly affects adults
[130]; however, studies from different countries have shown increasing rates among
children, reaching *11% of cases [130–134]. In one study of 36 children from the
United States, childhood LP affected females twice as often as males, and 72% were
African American [135]. Childhood lichen planus is not uncommon in India,
Middle East, and Mexico [131, 133, 135]; a retrospective study in the United
Kingdom showed that more than two-thirds of the children with lichen planus came
from Indian descent [134]. The exact etiology remains unknown and many theories
including autoimmune, infectious, genetic, Hepatitis B infection, and/or vaccination
triggers have been suggested [130, 136]. Classic LP is the most common presen-
tation of childhood lichen planus [135], but linear, annular, mucosal, bullous, and
lichen planopilaris subtypes are also reported [133, 135, 137, 138]. In darker
skinned patients, lichen planus lesions tend to be gray in color rather than viola-
ceous, with persistent and severe postinflammatory hyperpigmentation [139].
Actinic lichen planus predominates in tropical areas [130, 132]. Treatment of
childhood lichen planus is mainly achieved by the use of topical corticosteroids
under occlusion and topical tacrolimus. Systemic drugs and phototherapy are
reserved for eruptive, bullous, and recalcitrant cases [130, 138].
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Acneiform Eruptions

Acne Vulgaris

Acne vulgaris is one of the most common skin disorders, affecting patients from all
ethnic backgrounds and skin pigmentation [7, 140–142]. Due to the practice of
applying heavy oils and thick pomades to their hair, African American patients tend
to have more comedonal acne on the forehead, also known as pomade acne [143].
Newer trends in African American hair care practices such as chemical relaxation
led to a reduction in the use of thick hair oils, eventually decreasing the incidence of
pomade acne [139]. Postinflammatory hyperpigmentation is very common among
patients with darker skin, and the application of cosmetic products used to cover the
hyperpigmentation can lead to acne cosmetica among those groups [140–142].
Treatment of acne vulgaris in skin of color does not differ from that for other ethnic
groups; however, patient education and counseling are crucial, as well as sensitivity
toward the psychological impact of the hyperpigmentation and/or acne-related
keloidal scarring [141, 144].

Periorificial Dermatitis

Periorificial dermatitis is an eruption of erythematous, flesh-colored papules in
association with skin desquamation and rare pustules around the mouth, eyes, nose,
and occasionally the vulva or perineum [145–147]. Topical corticosteroid appli-
cation may play a role in the pathogenesis [145]. Histology may reflect a granu-
lomatous dermatitis, as seen in reports of childhood granulomatous periorificial
dermatitis, sarcoid-like granulomatous dermatitis, and facial Afro-Caribbean
childhood eruption [145, 147]. Treatment includes discontinuing steroid applica-
tion, topical 0.75% metronidazole [148], topical calcineurin inhibitors, and
mupirocin [145]. Oral antibiotics such as tetracycline, doxycycline, and ery-
thromycin have been used [145, 147].

Hair Disorders

Human hair can be categorized based on sulfur protein content, keratin type, and
amino acid composition, but it is generally classified based on ethnic background,
differentiating Caucasian, Asian and African American (AA) hair. AA hair shafts
are elliptical in cross section, with a variable diameter along the hair shaft, and also
characterized by random reversals and twisting. AA hair follicles are curved, with
less elastic fiber content attaching it to the dermis, resulting in spiral, curly hair and
higher risk for hair shedding and breakage [149]. AA hair dryness is due to
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decreased sebaceous gland activity and lower moisture content compared with other
ethnic groups [149].

Trichorrhexis Nodosa

Trichorrhexis Nodosa is a congenital or acquired hair shaft disorder. Congenital
cases are seen among various genetic diseases including trichothiodystrophy and
Menkes kinky hair syndrome, while acquired cases are caused by excessive heat,
forceful combing and prolonged chemical use. Patients usually present with com-
plaints of brittle, dull hair appearance, and white spots along the hair shaft.
Microscopic hair shaft exam reveals what looks like two paintbrushes facing each
other, which represent the whitish dots along the hair shaft. Treatment of acquired
trichorrhexis nodosa is mainly through reducing chemical and physical hair shaft
trauma [149].

Traction Alopecia

Traction is a common cause of hair loss that occurs as a result of prolonged tension
applied on the hair, leading to clinical or subclinical inflammation of the hair
follicles. It usually starts during childhood and might progress to permanent loss of
the hair follicles. Traction alopecia predominantly affects AA females, with onset
reportedly as young as 8 months of age. In one clinic population the prevalence of
traction alopecia in AA females between the ages of 5 and 14.5 years was 18%
[150]. Another study showed that African schoolchildren with traction alopecia
increased from 8.6% in the first year of school to 21.7% in the last year of high
school [151]. Traction alopecia is usually marginal frontal and/or temporal, with the
presence of fringe hair. Hair casts in a biopsy indicate ongoing traction alopecia.
Treatment is mainly through prevention and education.

Tinea Capitis

Tinea capitis is the most common fungal infection affecting the pediatric popula-
tion. AA children have the highest incidence rate, in males more than females.
Trichophyton tonsurans is an anthropophilic organism; it remains the most common
causative agent of tinea capitis in North America. Microsporum canis is the most
frequent cause of zoophilic tinea capitis [152]. In AA patients, tinea capitis may
manifest as non-inflammatory disease with patches of hair loss, hyperkeratosis, or
breakage of the hair shaft at the scalp surface (black dot tinea). Another clinical
presentation is kerion, a tender, boggy, sometimes purulent plaque in a patient who
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may also have fever, malaise, and occipital lymphadenopathy. Bright green
fluorescence with Wood’s lamp is seen only in ectothrix fungi such asM. canis. It is
negative in the presence of T. tonsurans, an endothrix infection. Dermoscopic
examination reveals comma-shaped and corkscrew hair shafts. Hair culture is
negative in up to 50% of cases [111, 153] so clinical features and history are
important. Differential diagnoses of non-inflammatory tinea capitis with scalp
hyperkeratosis include seborrheic dermatitis and atopic dermatitis, or rarer cause
such as collagen vascular diseases and Langerhans cell histiocytosis, where ery-
thema is difficult to appreciate in dark skin [111].

Tinea capitis is frequently undertreated and physicians tend to prescribe low
doses of antifungal medication, resulting in frequent relapses once treatment is
discontinued. While terbinafine, fluconazole, and pulsed itraconazole can be used
for shorter or more convenient regimens, griseofulvin is still widely used by
pediatric dermatologists due to its cost and safety profile. In cases of M. canis
fungal infection, a longer duration of therapy is usually required [153].

Piedra

Piedra is a superficial fungal infection characterized by easily detachable gritty white
or yellowish nodules (white piedra) or black nodules (black piedra) on hair shafts,
usually of the axilla or scalp [154–156]. Black piedra is caused by Piedraia hortae
while white piedra is caused by Trichosporon species. Most reported cases in the
United States have been in immigrants from tropical regions [155]. Piedra affects
females more than males, although in genital hair white piedra is more prevalent in
black males [156]. Humid climate, poor hygiene, and the practice of veil hair cov-
ering have been implicated in the pathogenesis [157, 158]. They present easily
detachable gritty nodules on the scalp, facial, or genital hair [154–156]. Diagnosis is
based on the clinical presentation, KOH, and fungal cultures [152, 153]. Treatment is
mainly achieved through hair shaving, although this is usually not desirable for scalp
involvement. Oral azoles and topical antifungal shampoos have been successfully
used with variable reported recurrence rates [154–157].

Vesicular and Pustular Diseases in Newborns

Transient neonatal pustular melanosis and infantile acropustulosis are seen more
often in skin of color. Conversely, miliaria is less common, due to more efficient
body temperature regulation with less sweating compared to white skin [6].
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Transient Neonatal Pustular Melanosis

Transient neonatal pustular melanosis (TNPM) predominantly affects black new-
borns with a 4.4–15% incidence rate [6, 159, 160]. It usually presents at birth as
innumerable, superficial pustules without surrounding erythema. Pustular lesions
last up to 2 days, and then heal leaving delicate collarettes of scale around
hyperpigmented macules, which take from 2 weeks to months to fade [159].
Pustules may not be seen due to disruption perinatally. An infant born with multiple
hyperpigmented macules that fade away over weeks to months (unlike true
lentigines that do not fade) can be presumed to have had TNPM pustules in utero
[160]. A smear of pustular contents yields abundant neutrophils with rare eosino-
phils and Gram’s stain is negative (ruling out staphylococcus bullous impetigo) [6].
Biopsy is rarely necessary for diagnosis but shows corneal and subcorneal pustules
with abundant neutrophils and rare eosinophils, while hyperpigmented macular
lesions show basal layer hyperpigmentation and hyperkeratosis [6, 159]. The main
differential diagnosis is erythema toxicum neonatorum (ETN), which can be dif-
ferentiated by the presence of erythema surrounding the pustules, although this may
be difficult to recognize in darkly pigmented infants [6]. In ETN, eosinophils
predominate on smear and histopathologic exams [6, 160].

Infantile Acropustulosis

Infantile acropustulosis (IA) is a rare disorder that primarily affects black males 2–
10 months of age [6, 159]. It presents with recurrent 1–3 mm acral vesicles and
pustules that appear in crops, occasionally at non-acral sites [160]. Lesions are
intensely pruritic, last for 1–2 weeks, and then spontaneously remit until the next crop
of lesions appears. IA eventually resolves within 2–3 years [159]. It is frequently
misdiagnosed as scabies; other differential diagnoses include dyshidrotic eczema,
hand–foot–mouth disease, transient neonatal pustular melanosis, and erythema toxi-
cum neonatorum [159, 161]. If biopsied, histopathologic exam reveals subcorneal and
intraepidermal neutrophilic pustules, mild perivascular lymphohistiocytic infiltrate and
rare eosinophils [160]. Treatment includes topical steroids and antihistamines for
intense pruritus [160, 162]. IA has been successfully treated with dapsone
2 mg/kg/day with tapering over the following few months to prevent relapse [6, 162].

Pediatric Malignancies

Skin cancers are rare in children. Most of the malignancies in darker skinned
patients are described in the literature as case reports. Hypopigmented mycosis
fungoides (MF) is more prevalent in patients of color. It has a chronic course that
rarely progresses and responds well to topical steroids and phototherapy; however,
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recurrence after successful treatment is often seen [163]. Malignant melanoma has
been reported within nevus of Ito [27] and nevus of Ota [25]. Malignant blue nevus
arising within giant blue nevus in an infant has been described [28]. Childhood
subungual malignant melanoma in situ is rare; no case of invasive subungual
melanoma has been reported in children [47]. It has been argued that these reported
cases of childhood subungual malignant melanoma in situ may in fact have been
atypical melanocytic nevi because pediatric pigmented lesions in general display
more atypia compared to lesions in adults [48].

Conclusion and Psychosocial Considerations

For the pediatric patient of color, skin conditions that alter pigmentation primarily,
such as vitiligo or albinism [164, 165] and birthmarks (Figs. 17.4 and 17.5), or
secondary to inflammation, as in atopic dermatitis, psoriasis, or ichthyosis, can
significantly impair quality of life [165]. Devastating effects have been recorded
cross-culturally and interracially. Children with visible differences are vulnerable to
discrimination and bullying [166]. They often face other social challenges involving
peer relationships during games and sports, as well as reduced academic perfor-
mance [165, 167, 168]. These incidents influence future social engagement; fear of
reliving a traumatizing event sometimes results in “safety-seeking behaviors” such
as concealing the affected area with clothing or camouflage make-up, and avoiding
activities that require skin exposure, such as swimming [169]. In addition, these
conditions have an impact upon confidence, self-consciousness, shyness, and
general happiness [165, 167, 168, 170, 171]. If prolonged, negative social and
psychological experiences may precipitate mental illness; Picardi et al. found that
25% of patients with diverse skin conditions experience significant psychological
distress and psychiatric morbidity [172]. While some children and young adults
with skin conditions are remarkably confident and resilient, others may experience
depressive symptoms, true clinical depression, anxiety, and suicidal ideation [165,
168, 173–178]. It is important to keep in mind that a clinician’s objective assess-
ment of a patient’s skin condition does not correlate with the patient’s
self-perception and distress [179].

In children with atopic dermatitis there is a direct relationship between derma-
tologic disease severity and psychological disturbances [176]. Maladaptive effects
may be due to a combination of the physical lesions, the signature pruritus, and
secondary dyspigmentation. In some cultures, postinflammatory hyperpigmentation
on the neck is sometimes called “atopic dirty neck,” which adds the misperception
of poor hygiene to the already challenging social experience of this condition [180].
Chronic pruritus can also cause fussiness, irritability, and significant problems with
sleep and concentration [176, 181].
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Appearance can represent one’s public representation of his or her personal self
in society, and it is often heuristically linked to membership within social and
cultural groups [182]. This association creates another challenge for children of
color: among African Americans with vitiligo, the hypopigmentation can be mis-
interpreted as “turning white” [183]. Vitiligo and albinism can thus threaten racial
identity and cultural membership.

Psychiatric comorbidities can complicate dermatologic disease when each con-
dition exacerbates the other [178]. Furthermore, parental coping, mental health, and
skin caretaker ability are critical in pediatric dermatology [184, 185]. Thus, mul-
tidisciplinary healthcare initiatives and patient- and family-centered interventions

Fig. 17.4 Blaschkoid epidermal nevus
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that reduce psychosocial stress, increase self-acceptance, and strengthen protective
relationships with peers and family have the potential to significantly improve
health outcomes.
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Chapter 18
The Anthropology of Human Scalp Hair

Ophelia E. Dadzie, Tina Lasisi and Nina G. Jablonski

Hair is predominantly a proteinaceous fiber that originates from hair follicles
located within the subcutis and/or dermis of the skin. It is one of the defining
features of mammals, serving important functions, such as thermoregulation and
endothermy. Among mammals, humans are exceptional in lacking a full covering
of body hair [1]. Instead the growth of terminal hairs is limited to specific body
regions, such as the scalp, axillae, and groin.

Our aim in this chapter is to provide an overview of the anthropology of human
scalp hair. We will explore the diversity of human scalp hair and its evolutionary
history. We will also discuss:

• Approaches to the study of variation in human scalp hair phenotypes
• The genetic basis of human scalp hair diversity
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• The biology of human scalp hair, with emphasis on quantitative and qualitative
differences among populations

• Hair grooming practices taking into account hair fiber characteristics and
societal/cultural influences.

We have omitted discussions about the anthropology of human non-scalp hair.
This is deliberate because the scientific literature about this topic is confusing and
controversial.

Approaches to the Study of Variation in Human
Scalp Hair Phenotypes

Scalp hair varies in appearance between human populations, and has long interested
philosophers, systematists, naturalists, and anthropologists [2, 3]. Since the eigh-
teenth century, characteristics of scalp hair color and texture were used along with
other physical traits such as skin color, and some perceived behavioral attributes, to
define races. Despite the complete discrediting of the concept of biological race,
classifications of human scalp hair “types” associated with these obsolete race
definitions have stuck, namely “African,” “Asian,” and “Caucasian.” This
race-based classification system is simplistic, archaic, and misleading because it
does not account for the diversity within and between populations. These names
given to these types, far from capturing the nature of existing variation in human
hair, reflect a history of choices made by researchers with regard to the populations
studied and the differences noted. In reality, the various aspects of hair morphology
(i.e., thickness, shaft curvature, and color) each exist in a continuous spectrum that
can be found in numerous combinations around the world. There are no discrete
hair “types.”

Variation in human hair has been measured by a range of methods and tech-
niques. Hair color has been, and is still, predominantly visually assessed and
described [4]. However, other methods of evaluating hair color have been used. For
example, the Fischer-Saller scale (comparable to the Von Luschan scale for skin
color) is a comparative method of assessing hair pigmentation on the basis of a set
of hair swatches in a gradation of colors [5]. Reflectance spectrometry has been
increasingly used to provide a quantitative measure of hair color, because it allows
for a more accurate representation of the continuous nature of hair color [6, 7].
Studies of the chemical composition of hair, involving quantification of pheome-
lanin and eumelanin content, have also helped to shed light on how variation in
melanin coloration is related to color phenotype [8]. Forensic anthropologists,
among others, have also noted variation in the distribution of pigment granules
within the hair shaft, which provides yet another method by which variation in hair
color can be evaluated [9]. Anthropological research on normal variation in hair
color has focused mostly on populations of European descent because variation in
light-colored hair is readily perceptible [10, 11]. Populations of non-European
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descent are frequently considered as homogenously dark-haired even though
measurable variation exists.

Hair form, like hair color, has mostly been assessed by visual means [12]. The
two main aspects of hair form of interest have been cross-sectional geometry and
(longitudinal) degree of curvature or curling. While many descriptive typologies
have been proposed for classifying hair from straight to curly, a method for
quantification of the curvature of the shaft was not developed until the 1970s [13].
Since the nineteenth century, cross-sectional geometry of the hair shaft has been
assessed under the microscope with particular attention being paid to differences
between populations in cross-sectional area (thickness), as well as cross-sectional
shape [14]. The lack of discrete population groupings in hair shape, and the
emergence of new hair shape phenotypes as the result of recent population
admixture prompted Loussouarn and coworkers to develop a novel classification
system based on objective criteria of human scalp hair fibers [3]. This includes:

• Curve diameter
• Curl index
• The highest number of waves
• The number of twists.

Fig. 18.1 Classification system developed by Loussouarn and co-workers demonstrating eight
distinct phenotypes independent of ethnicity and race. From Salam et al. [56] with permission
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This system divides human scalp hair phenotypes into eight distinct groups
independent of ethnicity and race (Fig. 18.1). Future classification systems must
explore human scalp hair phenotypes beyond hair fiber curvature and consider other
attributes, such as pigmentation and texture.

Differences in the cross-sectional shape of hair between East Asians, (West)
Africans and (Northern) Europeans were noted early on by anthropologists. Due to
the co-occurrence of these differences in shape with degree of curl in the hair, the
notion arose that cross-sectional shape determined hair curl, with circular hair shafts
leading to straight hair and flattened or oblong hair shafts leading to curled hair [13].
However, it has been noted that whilst these cross-sectional differences exist between
populations, they do not seem to correlate with curvature within populations [13].

Slight differences in hair form, growth characteristics, and susceptibility to
breakage exist but have not been documented systematically. Sub-Saharan Africans
generally exhibit tightly curled or Afro-textured hair and northern populations less
tightly or loosely curled hair, but in all African populations, the hair shaft is
elliptical in cross section. The curliness of the hair shaft is caused by retrocurvature
of the hair bulb, which gives rise to an asymmetrical S-shape of the hair follicle
[15]. The continent-wide distribution of Afro-textured hair indicates that this is the
ancestral condition for modern humans. Hrdy, who was one of the first to sys-
tematically characterize the morphology of human hair, speculated that hair form
was determined by multiple genes, and that tightly curly hair form had evolved
convergently in African and Melanesian populations [13, 16].

The Genetic Basis of Human Scalp Hair Diversity

Research on the genetic basis of variation in human scalp hair phenotypes is still in
its infancy. Most research to date has focused on the genetic basis of hair color, with
the identification of polymorphisms in the MC1R locus being associated with
decreased production of eumelanin and increased production of pheomelanin [2].
Non-red variation in European hair color (i.e., eumelanin content only) is likely
influenced by a number of genes, some of which have been implicated through
genome-wide association studies, e.g., KITLG, SLC24A4, SLC45A2, IRF4, TYR,
OCA2 [4, 7, 17, 18]. As for color variation in non-European hair, little is known
except that in Melanesians, blond hair is due to a mutation in the TYRP1 locus [19].
The lack of color variation in ‘dark-haired populations’ may be more apparent than
real, and chemical methods may be able to detect unseen variation related to
underlying genotypic variation [7]. Rigorous scientific assessment of subtle dif-
ferences in the color phenotypes in ‘dark-haired populations’ is needed in con-
junction with correlation of phenotypic variation with specific genotypes in order to
understand how often and under what evolutionary conditions (e.g., natural
selection or genetic drift) dark hair phenotypes evolved.

Despite the interest of early anthropologists in the cross-sectional shape of scalp
hair, the genetic basis for the trait has been poorly explored. Cross-sectional area,
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specifically, increased thickness, has been associated with a mutation in EDAR that
was under positive selection in East Asian populations. Studies on humans and
mice have confirmed the thickening effect of the EDAR mutation on the hair shaft
[20–22], but it is unclear whether selection was acting on hair thickness or whether
this was a pleiotropic effect of selection for other traits.

While there is a great deal of variation in hair curl around theworld [3], this trait has
mainly been studied in Europeans because there exists the notion that they exhibit the
widest range of variation [23]. Likely due, in part, to the frequent qualitative approach
to the study of this continuous trait, fewof the genes underlying this complex trait have
been uncovered. In Europeans, variants in TCHH have been associated with straight
hair through an effect on keratins of the inner root sheath of the hair follicle [23].More
recently, research on a population of admixed Latin Americans has identified a
mutation inPRSS53 in relation to hair curl variation, which is a protein expressed also
in the inner root sheath of the hair follicle. However, paradoxically, African hair form
is among the least studied by anthropologists, and, as such, there is currently no
knowledge on the genetics underlying this phenotype.

Evolution of Human Scalp Hair

In light of the psychological importance of scalp hair, it is remarkable that so little
rigorous research has been devoted to why and how humans evolved it. During
ontogeny, in all primates, scalp hair appears first [24]. In nonhuman primates,
development of a full-body covering of terminal hairs proceeds during infancy, but
in humans this process is discontinued, as part of the process once described by
Louis Bolk as “fetalization” [24]. Attempts to relate the evolutionary developmental
biology of human hair zonation patterns to the activity of homeobox gene com-
plexes or other genes that describe regional patterns of development in the body
have been unsuccessful so far, although a theoretical argument has been put for-
ward that this may be due to combined activity of several WNT loci [24].

The loss of most of the terminal body hairs in hominins was probably due to the
increased importance of heat loss during prolonged and strenuous physical exercise
under hot environmental conditions [25–27]. Scalp hair was retained probably also for
thermoregulatory reasons, specifically, for protecting the scalp and head fromoverhead
solar radiation while bipedal [26, 28, 29]. Causal and evolutionary explanations for the
evolution of specific scalp hair forms are mostly conjectural. In the single experimental
study examining the effect of hair form and length on body temperature, hair length and
style were found to affect sweat rate when people were exposed to high environmental
temperatures in a climate chamber [30]. Individuals with short straight hair and shorter
permed hair had lower sweat rates and experience less loss of total bodymass after heat
exposure [30].When this evidence is considered together with that from studies of heat
gain and loss in birds and nonhuman mammals [31, 32], it suggests that short, curly,
Afro-textured hairmayhave evolved because it canmaintain a boundary layer of cooler,
dryer air near the scalp, and thereby protect the thermogenic and thermosensitive brain.
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Overview of Human Scalp Hair Biology

Hair follicles are autonomous self-renewing mini-organs [33]. They develop from
the ectoderm at weeks 8–9 and maturation is complete by week 18 [34]. The mor-
phogenesis of hair follicles occurs through the interaction of signals between the
ectoderm and mesoderm [33]. Examples of these communicating signals include
homeobox gene products, transcription factors, signaling and adhesion molecules,
Wnt, b-catenin, sonic hedgehog, notch, tenascin, cadherins, epimorphin, nuclear
receptors, extracellular matrix, and proteoglycans [33]. Thus, fully formed human
scalp hair follicles have both epithelial and mesenchymal components (Fig. 18.2).

Human scalp hair follicles also exhibit an asynchronous cyclical pattern of
growth: anagen (active hair fiber production), telogen (resting phase), catagen
(tissue regression), and neogen (regeneration) phases [33, 34]. This is a
well-controlled process involving a complex and dynamic network of interacting
signals, including a variety of signaling pathways, cytokines, neuropeptides, hor-
mones, prostaglandins, and growth factors [33, 34].

Scalp follicles produce hair fibers with three main regions: cuticle, cortex, and
medulla.

Fig. 18.2 The morphological
features of a terminal anagen
follicle (H&Ex4). A = Dermal
papilla; B = Matrix; C = Outer
root sheath; D = Peri-
follicular fibrous sheath;
E = Inner root sheath;
F = Sebaceous glands.
NB: Hair follicles have three
main regions: Lower segment
(bulbar and suprabulbar
regions): extends from the
base of the follicle to insertion
of arrector pili muscle;
Middle segment (isthmic
region): from insertion of
arrector pili muscle to
entrance of sebaceous gland
duct; Upper segment
(infundibular region):
entrance of sebaceous gland
duct to follicular orifice at the
surface epidermis (not seen in
this figure)
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The cuticle is the outermost layer of the hair fiber. It comprises of multiple layers
of imbricated corneocytes; the outer surface epicuticle is cysteine-rich, while the
opposite is true for the inner layer endocuticle. 18-methyleicosanoic acid is also an
important lipid constituent of the cuticular cell membrane complex. It forms a lipid
film, which confers low friction and hydrophobic character to the hair fiber surface.
Overall, the cuticle provides mechanical support to hair fibers [35].

The cortex is composed of spindle-shaped cortical cells packed with keratin
filaments and their associated matrix. There are two types of keratin in human
cortical cells: type I (acidic amino acid residues) and type II (basic amino acid
residues). Within cortical cells, keratin filaments (composed of both type I and II
keratins) form increasingly complex aggregates, resulting in macrofibrils.
Variations in the packaging and arrangement of macrofibrils in cortical cells results
in different regions of the cortex: orthocortex and paracortex.

Keratin filaments in cortical cells are associated with a matrix rich in
keratin-associated proteins (KAPs), primarily through disulphide bonds and/or
hydrophobic interactions. Human KAP genes may exhibit polymorphisms,
although their functional significance has not yet been fully determined [36].

The medulla is composed of polygonal cells. It is often absent or fragmented in
human hair fibers and its presence is highly correlated with thickness of the hair
fiber [1, 37, 38].

Variations in Human Scalp Hair Biology Among
Populations

As discussed previously, the bulk of human scalp hair fiber is proteinaceous in
nature, with structural lipids and other components forming only a minor fraction.
Among people of different geographic ancestral origin, the chemical composition of
their hair fibers is similar. This is so, even when biological variability, dietary habits,
sampling techniques and environmental factors are taken into consideration [35].

However, differences do exist in relation to material specific attributes of hair
fibers (geometry, curvature, tensile strength and pigmentation), behavior of
assemblies of hair fibers (combability, growth rate), as well as other quantitative
and qualitative features of hair fibers and follicles [35].

Hair Growth Parameters

Published studies indicate that Africans have slower scalp hair growth rates compared
to Europeans and Asians (mean ± SD: 280 ± 50, 367 ± 56 and 411 ± 43 lm/day)
[39–41]. Several lines of evidence also show that there are variations in scalp hair
follicle and fiber density among people of different geographic origins. First, Sperling
and coworkers demonstrated that African–Americans (AA) have a lower number of
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scalp follicles (mean of 21.4) compared to age-matched Caucasian subjects (mean of
35.5) [42]. Their study involved evaluating 4-mm scalp punch biopsies and was
limited by the small number of study subjects (22 AA vs. 12 Caucasian). Second,
Bernstein and Rassman also reported that AA have a lower scalp hair follicle density
compared to Caucasians (1.6 vs. 2 hairs/mm2) [43]. Their observation was made
during scalp hair transplant procedures. Finally, Loussouarn and co-workers also
demonstrated a lower hair fiber density in Africans compared to Caucasians [39, 40].
Their observation was based on a phototrichogram study of a 1 cm2 area of scalp hair
of age and sex-matched subjects. This group also demonstrated that subjects of
African descent have a greater number of telogen follicles, especially in the occipital
and temporal scalp regions [39].

These aforementioned studies are limited by the small number of subjects, and also
by the use of biological races to define the groups studied. Nevertheless, the results of
these studies imply that there are quantitative differences in human scalp hair follicle
and fiber density among different populations. This has practical implications for the
histological interpretation of scalp biopsies by Dermatopathologists/Pathologists.

Hair Fiber Geometry and Curvature

Broadly speaking, hair fibers of Asians are significantly thicker compared to other
populations [1, 41]. In particular, East Asians exhibit a large cross-sectional area of
their hair fibers [1]. This trait has been unequivocally linked with the EDAR 370A
gene variant in this group [20–22]. In contrast, people of African descent exhibit an
elliptical cross-sectional shape of their hair fibers [1, 44]. They also exhibit curled
hair fibers, although significant within group variation to this curl pattern has also
been observed, e.g., differences between East and West Africans [1].

Traditional concepts about the biological basis of hair fiber curvature have
focused primarily on cross-sectional parameters of hair fibers [45]. However, this
cannot be the only explanation for hair fiber curvature because not all published
studies have showed the presence of a direct correlation between hair fiber cur-
vature and cross-sectional parameters. Recently, Thibaut and co-workers have
demonstrated that human scalp hair fiber shape is intrinsically programmed by the
lower half of the hair follicle and is associated with a lack of axial symmetry in the
lower part of the bulb, affecting the connective tissue sheath, outer and inner root
sheaths, as well as hair fiber cuticle [45, 46]. Future work must also explore the
gene(s) underlying hair fiber curvature among different populations.

Hair Fiber Pigmentation

Melanocytes are located in the hair follicle matrix. They synthesize melanin pig-
ment, which is packaged into melanosomes and are subsequently transferred to the
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cortical region of hair fibers. The main melanin pigment variants in human hair
fibers are eumelanin and pheomelanin.

A number of published studies have explored the variation of hair fiber pig-
mentation among different populations [1]. Most of these studies have focused on
European populations and have used qualitative tools (spectrometry and colometric
evaluation) to assess hair fiber pigmentation [1]. These former studies have reported
a greater variability in hair fiber pigmentation of Europeans compared to
non-Europeans and have identified several genes, including OCA2/HERC2 and
IRF4 as contributors to this variation in Europeans [1, 6, 47–50].

Qualitative tools may not detect subtle variations in hair fiber pigmentation
occurring in non-Europeans. In this setting, quantitative measurements of total
melanin content and melanin pigment subtypes may be preferable [1]. This asser-
tion is supported by the findings of Lasisi and co-workers who have demonstrated a
comparable amount of variation in hair fiber pigmentation of non-Europeans when
total melanin content is objectively measured [1]. More research is required to
further define the variation in hair fiber pigmentation of non-Europeans. It is also
important to consider quantitative differences in melanin pigment subtypes, as well
as to explore potential genes that may be driving this variability.

Tensile Properties and Combability

Hair fibers with a lower curl diameter (and therefore a higher visual curl degree) have
been shown to have a lower Young’s modulus (a measure of elasticity), break strain
and break stress, making them more susceptible to breakage [51, 52]. Syed et al. [53]
have also showed that break stress and break elongation of untreated African–
American hair is lower than that of Europeans and that this tensile strength is even
lower in wet hair states. Thus, the hair fiber of people of African descent are fragile,
especially in the wet state, although given the slight relaxation in curl pattern in the
wet state, Afro-textured hair is much easier to comb in the wet state. This has
implications in relation to grooming of Afro-textured hair in its natural state.

Another characteristic feature of the hair fibers of people of African descent,
when compared to Europeans is the presence of both complex- and single-strand
knots [54]. This leads to significant resistance when combing this hair type, with
possible breakage of the hair fiber [35].

Moisture Content of Hair Fibers

The moisture content of hair fibers of African–Americans is much lower compared
to those of European populations [53]. This former hair type is therefore more
susceptible to breakage, especially during grooming.
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The Scalp Microbiome

Exploration of the diversity of the human skin microbiome has only begun, and
only one study to date has compared the scalp microbiome in different human
populations [55]. Scalp microbiota from people of diverse ancestries appear to differ
little, and the variation that does exist appears to be related to differences in
shampooing practices [55].

Hair Grooming Practices Among Populations

Among different populations, hair grooming practices may vary, and this is
dependent upon cultural/societal factors, as well as intrinsic biological differences of
human scalp hair types. Given the established link between specific hair grooming
practices, and hair and scalp disorders [56], understanding the differences in hair
grooming practices among different populations is important in facilitating culturally
appropriate discussions with patients about hair loss prevention/minimization.
Table 18.1 provides an overview of pertinent hair grooming practices and their link
with specific hair and scalp disorders.

Table 18.1 Overview of pertinent hair grooming practices among different populations and link
with specific hair and scalp disorders

Hair grooming practice Adverse effects

Braids
Can be undertaken either using no extensions
or with synthetic or human hair extensions. The
hair can be braided onto the scalp (cornrows) or
as individual plaits. The braids are left in place
for variable periods of time (typically
3 months)
Braiding of hair is a common practice in people
of African ancestry

aTraction Alopecia
CCCA (link with braiding has been
suggested)

Brazilian keratin treatment (keratin
smoothening or straightening)
Protein keratin/formaldehyde solution is
infused into the hair using heat, leading to
cross-linking of amino acid side chains and
straightening of the hair
Can be applied to already relaxed or
color-treated hair
Effect lasts for 6 weeks to 5 months, depending
on type of product used
Brazilian keratin treatment can be undertaken
on all hair phenotypes
Safe keratin treatments are non-formaldehyde
containing keratin-straightening products.

Eye, nose, throat, and respiratory irritation
due to release of formaldehyde
Contact dermatitis
Formaldehyde is a known human carcinogen,
therefore unregulated use may pose potential
hazards to stylists

(continued)
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Table 18.1 (continued)

Hair grooming practice Adverse effects

They have hydrolyzed keratin with a
combination of glyoxyloyl carbocysteine,
glyoxyloyl keratin amino acids, silicone
derivatives, and fatty acids

Chemical Straightening (relaxers)
Traditional salon relaxers (‘lye relaxers’) are
emulsions of 3.5% sodium hydroxide. ‘No-lye’
relaxers Contain potassium hydroxide, lithium
hydroxide or guanidine hydroxide and are
available for home use
Use of chemical relaxers results in breakage of
disulfide bonds and softening and stretching of
the hair shaft
Regular ‘touch ups’ are advised (preferably not
more frequently than 8 weekly) to new growth
Chemical straightening is an engrained cultural
practice in people of African descent

Hair fragility and breakage
Contact dermatitis (irritant)
Stevens Johnson syndrome
aTraction alopecia

Dreadlocks
Intentionally allowing own natural hair to
tangle over time will result in progressive
matting or ‘locking’ of the hair. Very long
lengths are often achieved. The style can also
be created in hair salons and is produced easier
in those with tighter curls prone to tangling
Dreadlocks can be undertaken in all hair
phenotypes, but it is more commonly
associated with Afro-textured hair

aTraction alopecia

Hot combs
Lubricating “pressing oil” or “hair grease” is
applied to the hair and then
a hot metal comb (heated to 300–500 °F) is
used to straighten the hair.
This occurs through temporary rearrangement
of the hydrogen bonds
in the hair shaft, thus straightening reverts
upon exposure of hair to moisture
Hot combs use is more commonly associated
with Afro-textured hair

Thermal burns
Acquired trichorrhexis nodosa

Weaves
Artificial hair is sewn into braided (cornrowed)
natural hair. Sometimes glues/adhesives can be
used to attach the artificial hair to the natural
hair
Weaves can be undertaken on all hair
phenotypes

Allergic contact dermatitis
Anaphylactic reactions from glues/adhesives
used during weaves
CCCA (link with use of sewn-in hair weaves
has been suggested)

CCCA Central centrifugal cicactricial alopecia
aA link between traction alopecia (TA) and hairstyles that induce prolonged tension on the hair
root, e.g., dreadlocks, weaves, and braiding. The risk is highest in the setting of combined
hairstyles, i.e., braiding chemically relaxed hair
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Fig. 18.3 Hairstyling alternatives to chemical straightening). From Aryiku et al. [51] with
permission
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Broadly speaking, women of African descent tend to wear a greater number of
hairstyles throughout their lifetime (up to five different hairstyles reported in a
recent study by Dadzie et al.) [57]. This may be because within certain societies,
Afro-textured hair in its natural state is opposite to the dominant aesthetic norms
[51]. Furthermore, in many European, American and international business con-
texts, Afro-textured hair is associated with negative stereotypes and lowered
expectations [51]. Thus, women of African descent may wear different hairstyles as
part of the covering and shifting behavior that allows them to manage their image to
avoid discrediting themselves, especially in professional contexts [51]. Less widely
acknowledged is the fact that “looking better” with straightened hair implies
internalization of a hierarchy of appearance, which assumes superiority of naturally
straight hair, a remnant of past social injustice [51]. In light of this, there is now a
decline in certain hair grooming practices among women of African descent (e.g.,
use of chemical straighteners), concurrently with an increase in alternative hair-
styles that celebrate Afro-textured hair in its natural form [57] (Fig. 18.3).

Conclusions

Human scalp hair varies in appearance between populations, and it is important that
scientists continue to explore the biological and evolutionary basis of this diversity.
Knowledge gained from such endeavors may lead to a greater understanding and
acceptance of different hair phenotypes within societies, thereby helping to
minimize/prevent adverse hair care practices which are undertaken to facilitate
greater social acceptance.
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Chapter 19
Alopecias and Disorders
of the Hair Follicle

Yunyoung C. Chang and Lynne J. Goldberg

Human hair has commonly been classified based on ethnic origin, with three
conventional subgroups recognized, including Caucasian, Asian, and African hair
[1–3]. These ethnic subgroups have compositional and structural variations, as well
as distinct hair-grooming practices [4]. Such broad classification does not account
for the great complexity of human hair but provides a basic framework for
description. These ethnic differences are important to comprehend the pathophys-
iology of scalp and hair disorders in the context of ethnicity.

Ethnic Hair: Biochemical Diversity

There is a wide diversity of hair worldwide [3]. Briefly, the color of hair is
determined by the type of pigment. Eumelanin gives darker colors to hair while
pheomelanin confers lighter color to hair. Afro-ethnic hair characteristically con-
tains more eumelanin than pheomelanin and is, thus, darker [5].

In terms of diameter and section, Asian hair has a larger diameter with circular
geometry in cross section while African hair demonstrates a high degree of irreg-
ularity in diameter along the hair shaft and an elliptical cross section [1]. Caucasian
hair has an intermediate diameter and section shape. In terms of the shape, African
hair has a curved hair follicle bulb and the hair shaft shows frequent twists with
random reversals in direction and pronounced flattening, a shape resembling a
twisted oval rod. Caucasian and Asian hairs are more cylindrical. African hair
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generally is more difficult to comb than Caucasian hair because of its extremely
curly configuration. It also has less moisture content, less tensile strength, grows
more slowly, and breaks more easily than Caucasian hair [1].

Hair Care Practices

Awareness of hair care and grooming practices in ethnic populations is important in
understanding common hair complaints and hair disorders.

Hairstyles used by African Americans are typically divided into those that are
“natural” and those that involve straightening. Examples of natural styles include
braids or cornrows, twists, locks, afros, and other curly styles. Braiding is the
interlocking of three or more hairpieces. Cornrowing is a form of small, tight braids
very close to the scalp, sometimes with attached hair pieces, beads, or decorations
[6]. Extensions or weaves of synthetic hair may also be attached to extend the
length and provide fullness to the hair [6] (Fig. 19.1). Twists are short pieces of hair
twisted together, that are removed and retwisted on a regular basis. Twists that are
not removed become “locks”, intentionally matted, sculpted ropes of hair that are
irreversible. Curly styles are becoming increasingly popular.

Hair restructuring techniques are commonly used by African Americans. Hair
straightening, with either heat or chemicals, is used to make the hair more man-
ageable and easier to style. Hot combing was one of the first methods, which started
in the early twentieth century in France [2]. This technique consists of use of a
metal comb heated to high temperatures (150–500 °sF), either with a direct heat
source or electrically, and slowly pulling it through portions of hair [2, 7].
This process causes disruption of disulfide bonds in the hair shaft and straightens
the hair temporarily [6]. The hair returns to its normal state with water or moisture.
Pre-application of oils or emollients is used to protect the scalp and hair from excess
heat [6].

Hot combing became less popular after the introduction of chemical relaxers,
which typically contain sodium, potassium, or guanine hydroxides, sulfites, or
thioglycolates [2]. These agents permanently disrupt disulfide bonds and reset the
hair in a straighter form; they are not reversed by water [6]. Use of the stronger
agents is typically done by professionals, while treatment with others (such as
guanine hydroxides) can be performed at home.

There are potential side effects to all types of hair styling, particularly in African
Americans. Ethnic hairstyling techniques, including braids and extensions, have
been recognized more recently to cause excess tension and traction on the hair and
may lead to a scarring alopecia, especially when used in conjunction with relaxers
(described below) [8]. Extensions may be very heavy and attach to a few fragile
hair shafts causing traction damage [6]. In addition, there has been concern about
allergic contact reactions of skin to some extension materials, including the adhe-
sives used [6]. Gathers and Lim have also found an association between central
centrifugal cicatricial alopecia (CCCA) and hair weaves and braids [9].
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Common complications from thermal straightening include moderate to severe
burns from accidental contact with the hot comb, overheating of hair shaft causing
weakening and breakage, and severe damage to the hair shaft [2]. To prevent
against damage, one should counsel on using hot comb treatment at a maximum of
once weekly, making sure the hair is completely dry, and regularly trimming split
ends. In addition, moisturizing shampoos and conditioners should be used regularly
and application of thick emollients to coat the hair can protect against further
damage from heat [2].

Side effects of chemical relaxers include local contact irritation, chemical burns,
hair shaft dryness, loss of hair shaft tensile strength, increased hair shaft fragility,
and scarring alopecia [6]. Potassium and sodium hydroxides as well as thiogly-
colates tend to be the most damaging to scalp and hair [2]. Using a thick, protective
emollient on the scalp during relaxer application (“basing the scalp”) may lessen
skin irritation [2]. Also, regular trimming and keeping relaxer applications to
minimum interval of every 6 weeks can decrease damage to the hair shaft [2]. Other

Fig. 19.1 Hair styled with extensions. Twisted extensions are attached to the patient’s hair
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hair-care practices commonly used by African-American patients include use of
blow dryers, hood dryers, and curling irons, which may cause fragility and loss of
tensile strength as well as scalp damage.

Finally, emollients are commonly used in African Americans of all ages to help
manageability of hair. Solid emollients, including pomades, are used on curly or
kinky hair to allow for sheen hairstyles or facilitate braiding of hair. These thick
products contain mixtures of petrolatum, lanolin, vegetable, mineral, or animal oils,
waxes, and resins [2]. Liquid emollients are made primarily of oils, but sometimes,
liquid lanolin is added. Common side effects of emollient use include both allergic
and irritant contact dermatitis. In addition, thick hair emollients may mask or
worsen common dermatologic conditions such as seborrheic dermatitis (SD) and
acne. Patients should be counseled on regularly cleansing out the products, frequent
pillowcase washing, clean scarf use on hair at nighttime to protect the face, and
minimization of product use [2].

Hair Disorders

Hair loss disorders may be categorized broadly into nonscarring or scarring
alopecias, hair shaft abnormalities, and inflammatory hair conditions.

Approach to the Alopecia Patient

Hair loss is a common presenting complaint, and a clinical diagnosis is typically
based on a thorough history and focused physical examination. Some patients
require laboratory tests and a punch biopsy.

A hair loss history should elucidate several factors. The provider should
ascertain the duration of hair loss, the acuity of hair loss, and the course of hair loss
(i.e., gradual vs flares). Clinical characteristics including whether there is complete
baldness or hair thinning, the distribution of hair loss (i.e., generalized vs localized),
the presence of hair shedding, the presence of scalp symptoms, including pruritus,
pain, burning, and the presence of pustules or nodules, should be taken into
account. Alleviating or triggering factors may also be elucidated.

The delineation of hair care practices, including frequency of washing, use of
relaxers or heating combs, hairstyles like tight braids, weaves, or extensions, and
use of topical hair products, is essential information, especially in the ethnic
population.

A full medical history, including history of pregnancy, acne, hirsutism, thyroid
disease, and lupus, should be obtained. In addition, a full medication list to
determine if drugs may be triggering the hair loss should be reviewed. Family
history is very important in alopecia patients, including family history of hair loss,
thyroid disease, and other autoimmune diseases. Social history, including recent
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hospitalizations and recent emotional stressors, should be obtained given these may
trigger acute telogen effluvium (TE).

The physical exam should focus on the head and neck, and all quadrants of the
scalp should be examined. Physicians should take into account hair length, hair
density, and presence of hair breakage. The presence of pustules, perifollicular
erythema, perifollicular scaling as well as exclamation point hairs should be noted.
The scalp exam should look for presence or absence of follicular orifices, though
this may be difficult to distinguish by the naked eye and is best done with a
dermatoscope. A dermatoscope is an essential tool for the hair clinician; in addition
to looking at the scalp surface, one can more readily appreciate subtle perifollicular
erythema, pigmentary alterations and scale, tufting, exclamation point hairs, and
thin hair shaft diameters. One should also examine the eyebrows, eyelashes, and
other body parts for hair loss, as well as the nails and oral mucosa to look for any
associated findings.

Laboratory examination may, at times, be warranted. For example, in TE with no
clear triggering cause, iron studies and thyroid studies, may be obtained. A punch
biopsy of the scalp may be obtained if diagnosis is uncertain, especially when trying
to distinguish between a scarring or nonscarring alopecia. In addition, biopsy can
give clues to specific entities, as described below.

Nonscarring Alopecias: Androgenetic Alopecia
(Pattern Hair Loss)

The most common nonscarring alopecia is male and female pattern hair loss
(MPHL and FPHL), or androgenetic alopecia (AGA). This is a type of nonscarring
hair loss that occurs worldwide. The overall prevalence of MPHL and FPHL varies
significantly based on ethnicity and race [10]. The prevalence appears to be the
highest for Caucasian males, ranging around 50–53% in middle-aged to older males
[10, 11], and Caucasian females, around 19% [10], whereas prevalence in South
African males is around 14.5% and females is around 3.5% [10]. In Asians, the
prevalence in Korean and Chinese males is 14 and 19.21%, respectively, whereas
higher prevalence is seen in Thai and Singaporean counterparts, 38.5 and 63%,
respectively [11]. The mechanisms behind these ethnic variations have yet to be
elucidated but may be due to distinct genetic predispositions, as described below.
Overall, the prevalence of AGA increases with age in all populations, and AGA
occurs more commonly in men than women [10, 11].

Clinically, MPHL is characterized by gradual hair thinning that typically begins
in the bitemporal and midfrontal scalp, with the major complaint being hairline
recession. Hair loss may also be seen in the vertex of the scalp [11]. The severity of
involvement in these three areas is highly variable. Of note, bitemporal hairline
recession may be seen in many postpubertal men but does not necessarily signify
MPHL and is unlikely to reverse with treatment. A deeper bitemporal recession of
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greater than 1 inch from the frontal hairline is part of MPHL and may respond to
treatment if treated early [12]. FPHL manifests as gradual central thinning of the
crown with preservation of the frontal hairline and occipital hair [13]. Some women
can exhibit bitemporal thinning and miniaturization, similar to men (Fig. 19.2). The
major complaint for women may be increased central part width due to increased
spacing between hairs and a “thinner” ponytail due to generalized thinning [14].
Frontal accentuation of hair loss is said to resemble a “Christmas tree” [15, 16].
AGA is a continuous process that progresses over the course of many years, and the
rate of disease progression varies from person to person [12].

On physical exam, follicular miniaturization is one of the earliest and diagnostic
signs of AGA. Variations in hair follicle caliber and length can be observed by
examining the hair fibers against a background or with a dermatoscope [17, 18].
Dermoscopy may also show peripilar brown halos, yellow dots, and honeycomb-
like scalp pigmentation [18, 19].

Histopathologic examination is not usually necessary but may have distinctive
features to help with diagnosis. Horizontal (transverse) sectioning of punch biopsies
allows visualization of more follicles as well as quantification of follicular number
and size, and tends to yield more useful results than vertical sectioning [20].
Horizontal sections show increased numbers of telogen follicles as well as increased
vellus hairs, with a terminal to vellus hair ratio of less than 4:1 (normal scalp ratio
7:1) [21]. There is miniaturization of terminal hair follicles with variation in size of
follicles [21]. Although it is characterized as a noninflammatory form of hair loss,

Fig. 19.2 Female pattern hair loss. Bitemporal thinning with fine, miniaturized hairs
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inflammation is not uncommon, and a mild perifollicular lymphohistiocytic infil-
trate may be present in one-third of biopsies [20]. In later stages, mild perifollicular
fibrosis and decreased density of follicular structures may be seen [20].

The major differential diagnoses of AGA are diffuse alopecia areata and TE.
Diffuse alopecia areata tends to be more acute in onset than AGA and does not
follow a patterned distribution [22]. In addition, it tends to occur at an earlier age, is
more severe, may be associated with hair loss in other body sites, and may be
associated with pitting of the nails [22]. TE leads to diffuse hair loss over the entire
scalp, which may or may not result in reduced hair volume [23]. It is usually
associated with an acute event. Both diffuse AA and TE are associated with a
positive pull test [23]. The pull test is performed by grasping approximately 40–60
hairs between the thumb and index fingers, applying steady traction proximally to
distally along the length of the hair. A normal or “negative” pull test extracts three
or fewer hairs while a positive pull test extracts six or more hairs from a single area
(>10% hairs). Typically, at least three separate areas of the scalp are tested. Of note,
both AA and TE may coexist with AGA, further challenging the diagnosis [23].

AGA is influenced by both genetic and hormonal factors [11]. It is mediated by
high levels of potent androgen dihydrotestosterone (DHT) and increased expression
of the androgen receptor (AR) gene [11]. AGA is likely under the control of
multiple genes, such as genes for AR, insulin-like growth factor-1, and DHT reg-
ulations [24, 25]. The AR gene is a member of the nuclear receptor superfamily
located on the X chromosome at Xq11-12 [11]. Its amino terminal domain is
required for transcriptional activation and contains a region of polyglutamine that is
encoded by CAG trinucleotide repeats that are important in human disease [24, 26,
27]. AR polymorphisms, including Stu1 restriction fragment length polymorphism,
as well as shorter CAG and GGC triplet repeat lengths, are associated with MPHL
[24, 26, 27]. Zhuo et al. [27] suggested that AR Stu I polymorphism might be a risk
factor for AGA, especially in the European population. On the other hand, Jung
et al. found no significant correlation between CAG repeat numbers and AGA in the
Korean AGA population [28], suggesting that this polymorphism may not play a
major role in AGA susceptibility in this specific population. Unlike males in which
hair loss is likely androgen dependent, the role of androgens in FPHL is less clear,
and the term FPHL is preferred over female AGA by some authors [29]. More
recently, neurotrophic factors, including brain-derived nerve factor, were found to
have potential importance in mediating effects of androgens on hair follicles and
may serve as negative regulatory control signals [30].

Interestingly, in African-American men as well as non-African-American men,
early onset AGA has been associated with prostate cancer [31]. A case-control
study of African-American men with prostate cancer demonstrated that baldness
was associated with increased odds of prostate cancer. In particular, frontal balding
was associated with high stage and high grade prostate cancer [31]. There may be a
genetic link between androgen metabolism and both early pattern baldness and
prostate cancer [31]. In fact, a population study from China suggested that shorter
CAG and GGC trinucleotide repeat lengths, more specifically <23 repeats, in the
AR gene may be associated with increased risk of both AGA and prostate cancer
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[32]. The AR-E211 > A allele has been associated with lower risk of metastatic
prostate cancer and lower risk of AGA [26, 33]. Further studies are needed in this
area to confirm this association.

AGA has also been associated with increased risk in cardiovascular disease,
including metabolic syndrome and atherosclerosis [34, 35]. In addition, a lower
number of CAG repeats in the AR gene were also associated with low HDL and
decreased endothelial responsivity to ischemia [36]. This suggests cardiovascular
screening, including lipid panels, should be done on AGA patients to enable early
detection of at-risk individuals [34, 35].

AGA is often associated with poor self-image and low self-esteem in the ethnic
population [12]. This is especially the case in individuals who have a thick baseline
of hair or in ethnic populations where thick hair is a symbol of status. It is the role
of the dermatologist to counsel on the genetic and physiological basis of AGA as
well as the goals of various treatments. For example, it is important to counsel that
available medical treatments are not curative and continuous treatment of AGA is
needed to ensure sustained benefits. Patients should be counseled that treatment for
AGA will not restore hair to prepubertal density and that the aim of treatment is to
prevent progression of disease, rather than regrowth. Currently, topical 5%
minoxidil solution and foam and oral finasteride at a dose of 1 mg are the only Food
and Drug Administration (FDA)-approved medications for treatment of MPHL, and
2% minoxidil solution and 5% foam are the only approved medications for FPHL
[12]. For minoxidil, the recommended dose is 1 mL (25 drops) for both 2 and 5%
solutions, or half a cap of foam, applied twice daily to a dry scalp and left in place at
least for 4 h [12]. For women, many physicians recommend using the higher dose
of minoxidil once or twice daily over the 2% formulation given studies demon-
strating superiority in increasing hair growth and earlier response to treatment [37].
Minoxidil takes about 6–12 months for effect. Patients should be warned that
during the initial 2–8 weeks of treatment, a temporary TE with increased hair
shedding may occur, but is self-limited and subsides when anagen regrowth begins
[12]. The mechanism of action is unknown, but it appears to prolong the anagen
phase and hair shaft diameter [12, 38]. Minoxidil likely causes the opening of
potassium channels leading to vasodilation, stimulates prostaglandin E2 (PGE2)
synthesis, stimulates vascular endothelial growth factor (VEGF) synthesis by
dermal papilla cells promoting angiogenesis, and leads to cell growth [38].

Oral finasteride, a potent type II 5a-reductase inhibitor, is FDA approved for
treatment of MPHL [12, 39]. It is prescribed as 1 mg daily dosage for males and is
relatively well tolerated with durable improvements in scalp hair growth. Side
effects are infrequent occurring at a rate of 2.1–3.8% [40] and are typically mild.
Erectile dysfunction is the most common side effect, followed by ejaculatory
dysfunction and loss of libido [41]. These effects occur early in therapy and are
typically reversible with discontinuation of drug or while continuing use of the drug
over a period of time. However, an initial report [42], followed by several others,
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have documented long lasting sexual side effects after use despite stopping. The
role of the nocebo effect, an adverse effect resulting from the psychological
awareness of the possibility of the side effect rather than a direct result from the
medication [40], in sexual dysfunction due to finasteride has been investigated and
demonstrated to be present [40]. The only causal relation between finasteride and
sexual side effects is low ejaculatory volume, because of the action of DHT on the
prostate gland [40].

The role of anti-androgenic agents in FPHL in both pre and post-menopausal
women remains to be fully defined, and they are not FDA approved. Oral finas-
teride was ineffective at dose of 1 mg daily in females [43]. However, case series
have shown efficacy at higher doses than used in males (2.5 mg daily or more) [44,
45]. For females, other anti-androgen medications such as spironolactone [46] can
be used. While not extensively studied, spironolactone can be used as a second line
agent after minoxidil given its long history and good tolerability of use. Other
antiandrogens are not typically used due to their side effect profile (flutamide) or
lack of availability in the United States (cyproterone acetate) [47, 48].

The use of low-level laser light was approved by the US FDA for the treatment
of MPHL in 2007 and FPHL in 2011 [49, 50]. Many devices are currently avail-
able, ranging from hand held units to wearable helmets. The laser phototherapy is
assumed to stimulate anagen re-entry in telogen hair follicles, prolong duration of
anagen phase, increase rates of proliferation in active anagen hair follicles and to
prevent premature catagen development [50]. In a double-blind, sham
device-controlled, multicenter, 26-week trial randomized study among 110 male
AGA patients, use of a device three times per week for 15 min for a total of
26 weeks was associated with significantly greater increase in mean terminal hair
density, overall hair regrowth, slowing of hair loss, thicker feeling hair, and better
scalp health [51]. Another multicenter, randomized double-blind study demon-
strated use of a hand held comb three times per week for 26 weeks increased
terminal hair density in both men and women with pattern hair loss [49].

Despite advances in medical therapy, hair transplantation remains the only
means of permanent hair restoration in cases of severe AGA. However, it is used in
combination with medical therapies as it does not prevent progression of disease.

Platelet-rich plasma (PRP) is a relatively new treatment for AGA. It involves
removal of blood, centrifugation, and return of the plasma fraction to the scalp via
multiple repeated injections. A recent randomized placebo-controlled blinded study
of 25 AGA patients demonstrated benefit in increasing hair density [52], but further
studies and standardized protocols are needed.

Nonmedical approaches may also provide cosmetic relief in ethnic skin patients,
and may be used as an adjunct to, or independent of, medical therapy. Camouflage
agents like fibers, and powder makeup can give the illusion of thicker hair, and
prostheses such as wigs and hairpieces are invaluable in patients with severe hair
loss.
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Scarring Alopecias

Skin of color patients often present with permanent or scarring hair disorders. These
are divided into those found in all skin types such as lichen planopilaris and frontal
fibrosing alopecia, and those with a predilection for this population such as CCCA,
dissecting cellulitis of the scalp (DCS), folliculitis decalvans (FD), pseudofolli-
culitis barbae (PFB), traction alopecia (TA), and acne keloidalis (AK) [53].
A classification scheme was created by Sperling encompassing these scarring
alopecias [54], which are associated with permanent hair loss, disfigurement,
emotional distress, and decreased quality of life. Hair-grooming practices, as
described previously, have been associated with the pathophysiology of some of
these conditions, and thus, patient education and behavior modifications are critical
to the management of these disorders. Because many of these entities are discussed
elsewhere, this chapter will focus on CCCA and TA, a typically nonscarring
alopecia which often results in secondary scarring. We will then briefly discuss
other entities.

Central Centrifugal Cicatricial Alopecia

CCCA is the most common scarring alopecia in females of African descent. It was
formerly referred to as “hot comb alopecia,” “follicular degeneration syndrome,”
and “chemically induced scarring alopecia.” Studies demonstrate a prevalence
ranging from 5.6 to 59% [55, 56, 58] in African-American populations, with higher
prevalence in females and with age [8, 56, 57]. The reported prevalence is lower in
African females, 2.7% [58]. However, large-scale epidemiologic studies need to be
performed.

The etiology of CCCA is unclear and is most likely multifactorial, involving
genetics and hair care practices. Hair care practices of African-American women
have been implicated since 1968 [59]. It was purported that during hot combing, the
hot lubricant travels down the hair shaft to the scalp and burns the follicle. They
believed this repetitive injury caused scarring [59]. Later reports have failed to
support a direct link with hot combing and have associated it with other grooming
techniques, including chemical relaxers [60, 61] and traction hairstyles like
extensions, weaves, and tight braids [8, 9]. Kyei et al. [8] demonstrated that hair-
styles associated with traction, i.e., braids and weaves, but not heat or chemical
relaxers were associated with CCCA. Hair care in individuals of color frequently
involves multiple styling practices at the same time, contributing to difficulty in
identifying independent risk factors. Kyei et al. [8] also demonstrated that bacterial
scalp infections and diabetes mellitus two were significantly higher in those with
CCCA, suggesting that CCCA may be a manifestation of metabolic dysregulation.

Genetics likely play a role in the pathogenesis of CCCA. Dlova et al. [62]
reported 2 families with natural hair and evidence of CCCA. In addition, a recent
study of 14 index South African families demonstrated a possible autosomal
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dominant mode of inheritance of CCCA with partial penetrance and strong modi-
fying effect of gender and hairstyling [63]. While this study found a positive
correlation between use of traction-inducing hairstyles, i.e., braids and weaving,
and severity of CCCA, 6 of 31 participants (19.4%) did not have history of
chemical processing or traction hairstyles, suggesting a genetic etiology [63].

Clinically, CCCA is a chronic, progressive condition characterized by a sym-
metric, roughly circular patch of scarring alopecia at the vertex or mid scalp that
slowly expands centrifugally [53] (Fig. 19.3). It typically occurs in middle-aged
females, in the third to fifth decade of life [64]. In the early inflammatory stage, the
scalp may appear normal or exhibit hair breakage and/or decreased hair density
localized to the vertex. There may be an active erythematous border or follicular
pustules early in the course [64]. Many patients are asymptomatic, but some may
experience pruritus, scalp tenderness, and dysesthesia [65]. The hair loss may be
present for years before noticed by patients. Some patients have only breakage;
however, biopsies may reveal histologic findings typical of CCCA [65]. Most
patients present in late stage when clinical inflammation is lacking and scarring has
already occurred. CCCA manifests as a symmetric area of hair loss on the vertex or
mid scalp with smooth scalp devoid of hair follicles [64]. Dermoscopy shows
peripilar white gray halo around remaining emerging hair follicles in 94% patients
and is highly specific and sensitive for CCCA in all clinical stages [66]. These can
be differentiated from pin-point white dots in normal black scalp, which are smaller
and interfollicularly distributed in a “starry sky”-like pattern. In addition, broken

Fig. 19.3 Central centrifugal cicatricial alopecia. A large area of scarring hair loss on the crown
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hairs, follicular dropout, and white patches representing follicular scarring can be
found on dermoscopy [66].

Early histologic changes include perifollicular lymphocytic infiltrate and peri-
follicular fibroplasia [64]. Concentric lamellar fibroplasia occurs around mid and
upper follicles [64], corresponding to the white gray halo seen on dermoscopy [66].
The lymphocytic infiltrate extends from the lower follicular infundibulum down to
the upper isthmus. There is considerable reduction in terminal hair follicles with
reciprocal increase in fibrous tracts as well as a loss of sebaceous epithelium [64].
With progression of disease, one finds disintegration of the inner root sheath, which
has been emphasized as a diagnostic finding [21, 54, 67], but is not always found
and not unique to CCCA [68]. The end-stage changes are indistinguishable from
other scarring alopecias, with end-stage fibrosis and little inflammation [66].
Interface changes, dyskeratosis, pigment incontinence, and mucin are absent,
differentiating it from other scarring alopecias like discoid lupus [9].

The differential diagnoses include AGA, lichen planopilaris, FD, discoid lupus
erythematosus (DLE), and TA. Both AGA and CCCA can occur on vertex and
crown of scalp with retention of frontal hairline; in AGA, the hair thinning tends to
be more diffuse, nonscarring, asymptomatic, and exhibits miniaturization of hairs
[69]. Hairs of varying lengths and diameters are characteristic of AGA. A biopsy
can be performed to distinguish between these identities, however, AGA and
CCCA may occur in the same patient [55, 70]. Lichen planopilaris may start at the
vertex and spread centrifugally but can occur in all areas of the scalp; in addition, it
is typically associated with perifollicular erythema and scale [64]. FD also involves
the crown and vertex but typically presents as follicular pustules within or sur-
rounding areas of alopecia. TA commonly occurs in the frontotemporal region and
presents as alopecia surrounded by retained hairs.

Treatment of CCCA aims at reducing associated symptoms and preventing
disease progression. Early intervention is crucial because hair loss is typically
permanent once scarring has occurred [53, 70]. Patients should be educated about
realistic treatment goals. To prevent expansion, mainstay of therapy is the use of
anti-inflammatory agents. This may begin with potent to super potent, class 1
topical steroids, and/or intralesional corticosteroids (triamcinolone acetonide
2.5–10 mg/ml every 4–8 weeks). Target areas for injections should include the
periphery of the hair loss at the edge of normal hair to prevent further expansion
outwards [53]. Care should be taken to use lowest effective dose possible to min-
imize possible side effects, including dyspigmentation.

Systemic anti-inflammatory agents including oral tetracyclines and antimalarials
have shown mixed effectiveness but may be the appropriate next step for those
refractory to topical and intralesional steroids [53]. Topical minoxidil may be added
to the regimen once inflammation is controlled and condition is stable to help
increase the density of the remaining hair follicles and aid in hair growth [53].

Given the likely association with damaging hair styling practices, natural hair-
styles should be encouraged. Hair care practices including traction hairstyles,
excessive heat, and chemical relaxers should be avoided or limited [53]. Ethnic
patients may be resistant to these modifications. If so, relaxers should be applied by
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a professional and their frequency decreased to once every 8–12 weeks. Chemical
treatments, such as dyes, should not be applied to relaxed hair. In addition, the
stylist should use mild formulations, apply a protective base to the scalp, and
neutralize after no more than 20 min [53, 71].

Traction Alopecia

TA is a nonscarring alopecia associated with secondary scarring, caused by hair-
style practices that produce prolonged tension or stress on hair follicles [70]. TA is
most common in ethnicities with afro-textured hair but all ethnicities can be
affected; one study showed 29% of 41 TA patients were Hispanic [72]. Other case
reports have shown TA in Sikh males [73, 74], Sudanese females [75], as well as
white and Japanese females who wear distinct hairstyles [76, 77]. The prevalence is
higher in African schoolgirls than boys (17.1 vs. 0%) and increases with age [57,
58].

TA, as its name suggests, is caused by prolonged or repetitive tension on the hair
due to certain hairstyles, particularly tight ponytails or braids as a child. African
Americans may be at particular risk given their use of hair weaves, braids, corn-
rows, extensions, and chemical relaxers [70, 78–81]. The risk of TA increases with
symptomatic traction, like pain, pimples, and crusts [57], and is highest in com-
bined hairstyles [57, 58]. For example, traction hairstyles like braids and weaves
performed on relaxed hair increases the risk [58]. In its early form, TA may be
nonscarring and initially reversible, but repeated damage and perifollicular
inflammation eventually leads to miniaturized hairs, reduced hair density, and
scarring [72].

Clinically, the hair thinning and loss typically occurs on the frontal and temporal
scalp above the ears [70]. The manifestations depend on the stage and severity of
disease. In early stages, hair loss may be absent or limited to a subtle decrease in
hair density. Patient may have only noninflammatory hair thinning, or have folli-
culitis, characterized by perifollicular erythema, papules, and sterile pustules in sites
of traction [2, 82]. Scalp scaling and pruritus may also occur.

With persistent traction, clinically noticeable hair loss occurs, progressing from
decreased hair density to patches of alopecia. The most common manifestation is
marginal TA, affecting the frontal and temporal scalp above the ears (Fig. 19.4).
However, hair loss in the occiput may also be seen [83]. The scalp eventually shows
loss of follicular openings, often with minimal amounts of short, fragile, interme-
diate hairs in the area of loss. The presence of retained fine or miniaturized hairs
along the anterior frontal and/or temporal hairline with loss posteriorly, termed the
“fringe sign” is a finding seen in both early and late TA and is a useful clinical
marker of the condition [72, 84].

Nonmarginal TA, however, may affect other areas of the scalp and have varying
clinical presentations depending on different ethnicities and hairstyle practices used
[84]. For example, linear, curved, or horseshoe patterns of hair loss can occur on the
crown or even in an ophiasis pattern when hair is tightly braided on the scalp in
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preparation for the attachment of sewn-in or glued-in curtain-like hair extensions, as
is often done for hair weaves [85, 86]. Frontal alopecia has been described in Sikh
males secondary to wearing a turban on the head; this involves twisting uncut hair
tightly into a knot resting on the frontal scalp for longer than 24 h periods [73]. TA
can also arise in the submandibular area in Sikh males due to the practice of
knotting the long, uncut beard [73, 74]. Females who frequently wear their hair in a
tight chignon or bun, like ballerinas, may develop TA confined to the occipital or
temporal scalp [76, 77]. Given the various clinical presentations, TA may be a
diagnostic challenge, especially when appropriate history is not obtained.

Dermoscopic findings are similar to those found in trichotillomania. In black
patients, dermoscopy shows elongation and linearization of follicular ostia in the
frontal area, reflecting the traction process.

Histopathology in early TA may be similar to trichotillomania as well,
demonstrating trichomalacia (twisted or deformed anagen hair shaft), increased
number of telogen and catagen hairs, a normal number of terminal follicles, and
preserved sebaceous glands [72]. There may be mild perifollicular inflammation in
the dermis. Long-standing TA characteristically will demonstrate follicular minia-
turization, decreased terminal hairs, fibrotic fibrous tracts, and absent or minimal
dermal inflammation [72, 87, 88].

Differential diagnoses for TA include ophiasis pattern alopecia areata and frontal
fibrosing alopecia. Clinical clues include follicular markings, which are retained in

Fig. 19.4 Traction alopecia. Severe marginal hair loss with retained terminal hairs
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AA, often decreased in TA (especially late stage), and absent in FFA [72]. The
color of the scalp is normal in TA, may be peach-colored in AA, and is pale and
atrophic in FFA. AA may have broken or miniaturized hairs that mimics the fringe
sign, but is not usually symmetric or bilateral as in TA. Eyebrows are not affected in
TA, whereas they may be affected in AA or FFA [72]. Biopsy is important in
definitively distinguishing between these entities.

Treatment of TA is anecdotal and essentially involves prevention. Patient edu-
cation is the key to prevention and should begin in childhood. Patients should be
encouraged to wear loose hairstyles, avoiding tight ponytails, buns, braids, and
weaves. In particular, pain with the traction hairstyles should be avoided. In
addition, patients should avoid chemical relaxers or heat, especially in children
because hair damage increases with exposure duration [72]. In particular, traction
hairstyles on relaxed hair should be avoided or performed at least two weeks after
processing as relaxed hair is weak and prone to breakage [84]. If cultural reasons
prevent avoiding relaxing, relaxers should be applied professionally and according
to package instructions, specifically only processing new hair growth while
avoiding previously relaxed hair. In addition, the hair should be thoroughly rinsed
and neutralized after processing or if scalp tingling or burning occurs [72]. If heat is
used, air dry or low-heat hairdryer setting should be used. Conditioners and
petroleum-free moisturizers for dry hair may reduce the risk of hair breakage. Even
if TA has already developed, hairstyle modification should be emphasized to pre-
vent scarring and progression of disease. Once scarring develops, hair loss is
irreversible.

If behavioral modification is enforced, medical therapies may further decrease
inflammation and slow or prevent progression. For early TA, topical and intrale-
sional steroids are first-line therapies, directed at the periphery of hair loss [71].
Oral antibiotics may also be used in early stages of disease for their
anti-inflammatory effect [71]. Topical minoxidil has also been reported to promote
hair growth [89]. In long-standing disease, surgical options like hair transplants
may be considered. For cosmesis, prostheses like hairpieces and clip-ons can be
very helpful. Care must be taken with clip-ons to avoid further traction.

Chronic Cutaneous (Discoid) Lupus Erythematosus

DLE causes a primary scarring alopecia, characterized by well-defined erythema-
tous plaques of alopecia with follicular plugging and adherent scale [70]. A “carpet
tack” sign may be observed as keratotic spikes with retraction of the scale [90].
With long-standing disease, dyspigmentation with central hypopigmentation and
surrounding hyperpigmentation, atrophic depigmented plaques, and scarring is seen
(Fig. 19.5). The risk of progression to systemic lupus erythematosus is estimated to
be 5–11% [90]. Treatment of DLE on the scalp is similar to other DLE lesions,
including topical and intralesional steroids and oral antimalarials [70, 91, 92].
Topical calcineurin inhibitors have also been shown to have benefit [93, 94]. Oral
steroids should be reserved for acute induction phase while awaiting therapeutic
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effect of other drugs or for severe cases [70]. In addition, photoprotection is critical
in the prevention and treatment of this disease. This condition is described in more
detail in other chapters.

Neutrophilic Scarring Alopecias

FD is a rare chronic and relapsing neutrophilic scarring alopecia [95] that is more
common in African Americans compared to Caucasians [96]. FD predominantly
occurs in middle-aged adults with slight preference of the male gender [95, 96]. The
etiology of FD is unclear, but Staphylococcus aureus infection and immune dys-
function is thought to play a role. S. aureus can often be isolated from the pustules
[97–99]. FD primarily involves the vertex and occipital scalp. It is characterized by
follicular pustules, diffuse, and perifollicular erythema, loss of follicular ostia, and
oftentimes hemorrhagic crusts and erosions [95]. It may be associated with pain,
itching, burning, and spontaneous bleeding. In later lesions, variably sized, irreg-
ularly shaped atrophic patches of scarring alopecia develop. “Tufted hairs” is a
common finding in FD, characterized by multiple hairs (5–20) emerging from a
single dilated follicular orifice. Although suggestive of neutrophilic scalp disorders
like FD, tufted hairs can be found in several forms of cicatricial alopecia, such as
discoid lupus, lichen planopilaris, CCCA, AK, and dissecting cellulitis [96, 98].
Eyelashes and other body hairs are not affected in FD, though eyebrows and beard
may rarely be involved [95].

Fig. 19.5 Discoid lupus erythematosus. An area of hair loss with central scarring and peripheral
hyperpigmentation
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For diagnosis, along with history and thorough scalp examination, bacterial
cultures should be taken from an intact pustule or from a scalp swab and tested for
antibiotic sensitivities [96]. A nasal swab can be performed to identify S. aureus
colonization [96]. Biopsy from an active hair-bearing margin can be helpful for
diagnosis of FD. Early lesions show keratin aggregation and dilation of the
infundibulum along with numerous intraluminal neutrophils [96]. Sebaceous glands
are destroyed early in the process. An intrafollicular and perifollicular predomi-
nantly neutrophilic infiltrate is found. In advanced lesions, the infiltrate may be
mixed, consisting of neutrophils, lymphocytes, and numerous plasma cells [96].
Granulomatous inflammation with foreign-body giant cells is also common.
Follicular tufts can be seen on biopsy. End-stage lesions demonstrate fibrous tracts
and interstitial dermal fibrosis [96].

FD causes significant suffering from severe symptoms and extensive involve-
ment and tends to be resistant to treatment. Anti-staphylococcal antibiotics,
including doxycycline, minocycline, erythromycin, trimethoprim/sulfamethoxazole,
and clindamycin, are the first-line therapy, although a recent report suggests iso-
tretinoin might be more effective [100]. Combination of anti-staphylococcal
antibiotics with rifampin has shown additional benefits [97]. Oral rifampin 300 mg
twice daily and clindamycin 300 mg twice daily for 10–12 weeks has been used in
resistant cases with possibility of long-term remission [95, 97, 98]. Patients should
be warned that secretions, like urine, tears, and saliva, may turn red-orange with
rifampin. Relapse is common after discontinuation of antibiotic therapy, and
patients may have to stay on low-dose antibiotics for many years [97, 98, 101].
A recent study found that over half of patients required long term antibiotics [101].
Potent topical or intralesional triamcinolone acetonide at a concentration 10 mg/mL
every 4–6 weeks [96, 101], topical antibiotics [95], oral dapsone [102, 103], oral
isotretinoin [100], and photodynamic therapy [104] have also been used with some
success. The patient must be educated that scarred areas may not regrow and that
long-term treatment may be necessary. Patients should also be advised about dif-
ferent camouflage techniques. However, caps, hats, weaves, and hair pieces may be
problematic as they may serve as a reservoir for S. aureus. These devices should be
cleaned with antiseptics regularly [96].

Other neutrophilic scalp disorders include dissecting cellulitis and AK, which are
both more common in African-American males. Dissecting cellulitis is a chronic
inflammatory condition characterized by fluctuant cysts, boggy nodules, draining
sinus tracts, and subsequent scarring alopecia, typically on the occipital or vertex of
the scalp [70, 105] (Fig. 19.6). It may be seen in association with pilonidal cysts,
acne conglobata, and hidradenitis suppurativa, known as the “follicular tetrad,”
suggesting a common mechanism consisting of abnormal follicular keratinization,
occlusion, secondary bacterial infection and follicular destruction [2, 70]. First-line
treatment includes antibiotics, typically of the tetracycline class, which may be
combined with topical antibiotic or antiseptics, like chlorhexidine or benzoyl
peroxide, as well as topical and intralesional steroids [2, 70]. Oral isotretinoin
[106–109], dapsone [110], and more recently TNFɑ inhibitors [111–113] have also
been used in treatment. Surgical options include lesional aspiration, incision and
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drainage, excision with skin grafting [114], laser therapies [115, 116], and photo-
dynamic therapy [117]. Patients should be made aware of an increased risk of
squamous cell carcinoma with long-standing disease [118].

AK is a common scarring alopecia typically occurring in African males, with a
prevalence of 1.6–16.1% [57, 80, 119–123]. Peak prevalence occurs in men aged
25–34 years [119]. It is characterized by skin-colored to hyperpigmented follicular
papules and pustules which can coalesce into firm hypertrophic plaques and nod-
ules at the nape of the neck and occipital scalp [124, 125]. Severe keloid formation
is often observed [2]. The alopecia is often painful and disfiguring. The etiology is
likely multifactorial, including hormonal factors, friction and shaving behaviors,
resulting in inflammation, and secondary infection [119]. It has been noted that
Africans have a genetic predisposition for curly hair which readily produces in
growing hairs after it is cut short, which has also been implicated in the patho-
genesis of AK [119]. Treatment includes topical steroids, intralesional steroids,
topical antibiotics, and oral antibiotics. Surgical approaches include excision with
primary or secondary closure, excision with skin grafting, and hair removal lasers
[124]. In addition, physicians should counsel on avoiding manipulation of lesions,
shirts with tight collars or friction to affected areas, and avoiding shaving or close
hair cutting.

Fig. 19.6 Dissecting cellulitis of the scalp. Multiple deep nodules associated with crusting and
drainage
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Lichen Planopilaris

Lichen planopilaris is a type of chronic lymphocytic scarring alopecia that is
considered a variant of lichen planus affecting the hair follicle [126]. It is seen more
commonly in Caucasians than in ethnic populations, and the female to male ratio is
1.8:112 [6]. The scalp lesions are characterized by irregularly shaped atrophic
patches of alopecia with loss of follicular orifices, commonly involve the vertex and
parietal regions [126]. The active borders reveal perifollicular erythema, scale, and
occasionally, groups of keratotic follicular papules [126]. There may be associated
hair shedding, itching, scaling, and burning. Skin, nail, and mucous membrane
lichen planus may also be seen [126].

Frontal fibrosing alopecia is a variant of lichen planopilaris that presents with
progressive band-like scarring alopecia [126, 127]. FFA primarily occurs in
Caucasian patients, but may uncommonly occur in patients of Asian and African
descent [105], when it can be confused or coexist with TA [128]. Clinical findings
include progressive recession of frontotemporal hairline with loss of follicular ostia,
follicular hyperkeratosis, and perifollicular erythema, as seen in lichen planopilaris.
Fifty-two percent of affected patients also have eyebrow hair loss [126]. Follicular
ostia can be retained in African patients [128]. Histopathology varies with the stage
of disease. Early stages will show a lichenoid lymphocytic infiltrate affecting the
infundibulum and isthmus with the lower portion of the hair follicle being spared
[126]. Sebaceous glands are lost and root sheaths of the hair follicles are destroyed.
With progression of disease, extensive perifollicular lamellar fibrosis, especially
around the isthmus, will occur with eventual destruction of hair follicle and
replacement by fibrous tracts [126].

First-line treatment of both disorders includes application of high-potency
topical steroids and intralesional triamcinolone acetate, while oral steroids are
reserved for more aggressive, severe disease [126]. Oral antimalarials, including
hydroxychloroquine, are also used for its anti-inflammatory effects, though it takes
about 2–3 months for efficacy to be seen [126]. For refractory disease, cyclosporine
and mycophenolate mofetil have been used for treatment of LPP [126]. More
recently, finasteride and dutasteride have been supported for use in FFA [127].

Hair Shaft Disorders

Acquired trichorrhexis nodosa (ATN) occurs when hair is so fragile that minor
trauma to the proximal end causes breakage. The etiology of ATN include years of
use of chemicals or heat devices [129], or excessive combing or brushing with stiff
brushes and plastic combs [105, 129, 130], which cause cuticular disruption and
weakening of the hair shaft. Some patients with ATN go on to develop CCCA [65],
suggesting a similar pathophysiology. Clinically, the hair appears lusterless and dry,
and patients may complain of “whitish spots” along the hair. Light microscopy will
show small, beaded swellings (likened to two paintbrushes crushed against each
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other) along the hair shaft along with loss of cuticle (Fig. 19.7) [2, 105]. Treatment
mainly focuses on behavioral changes, including avoiding hair relaxers (or limiting
them to every 8–12 weeks), straightening of hair with heat, excessive combing of
hairs, and massaging or rubbing the hair [130].

Inflammatory Scalp Conditions

SD is a common chronic inflammatory scalp disorder frequently confronted in the
ethnic population. SD is common in children between weeks 2–6 years of life, and
it is often referred to as “cradle cap.” The prevalence of SD in African-American
children ranges from 1 to 6.7% [70]. SD is rare in toddlers or prepubescent children,
but may recur during or after puberty and is quite common in African-American
adults [70]. It presents with scalp dryness, dandruff and flaking, which may also
involve the face and chest [70]. Scalp pruritus may be an associated symptom.
Given the decreased tensile strength of African hair, aggressive scratching of the
scalp may result in short, broken hair [105]. Treatment includes antifungal sham-
poos, often in combination with topical steroids. Although frequent washing is well
tolerated in Caucasian and Asian patients, this may not be optimal in African
patients because styling hair may take hours and is not practical [105], and because
washing and drying can further damage an already weakened hair shaft [2]. Thus, in
this patient population, washing can be recommended once to twice weekly [105].

Fig. 19.7 Trichorrhexis nodosa. Fracture of the cuticle leads to hair shaft fragility and breakage
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Alternating dandruff shampoos with moisturizing shampoos can be helpful, and
conditioners should be used. Because both over the counter and prescription
shampoos may dry the hair shaft in ethnic patients, topical steroids are often rec-
ommended, especially those with moderate to severe disease. The vehicle of the
medication is determined by patient preference, ethnicity, and hairstyle. For
example, solution and foam formulations may be used in most hair types, including
African Americans with “natural” hairstyles. In patients with chemically or heat
processed hair, ointments are preferred [105]. Dyspigmentation from topical ster-
oids is of particular concern in African patients and should be monitored for.
Patients should be encouraged use emollients to coat the hair and not the scalp, as
they can cause scalp irritation and worsen the dermatitis [2].

Conclusion

Structural differences in ethnic hair, specifically African hair, lead to decreased hair
shaft strength, difficulties in combing, and may account for higher incidence of
certain hair disorders like AK nuchae. African patients also practice traumatic
hairstyles including weaves, extensions, and relaxing, which may contribute to
scarring hair loss. Certain scarring alopecias, such as CCCA, are unique to the
African-American population. Treatment of these hair diseases requires specific
considerations as to skin type, for example, the avoidance of hypopigmentation
from topical and intralesional steroid use. Dermatologists must have a clear
knowledge of the basic hair care practices and hair disorders that occur in the ethnic
population in order to properly diagnose and manage these patients.
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Chapter 20
Adnexal Disorders

Andrew F. Alexis and Bridget P. Kaufman

Pseudofolliculitis Barbae

Pseudofolliculitis barbae (PB) is a chronic, noninfectious inflammatory condition
that occurs in shaven areas. Also referred to as shave bumps, razor bumps, ingrown
hairs, and chronic sycosis barbae, this disorder results from a foreign body reaction
to the growing hair shaft, especially when the hair is thick and tightly curled [1].

Epidemiology

PB most often affects males of African ancestry with a prevalence ranging from 43
to 83% [2, 3]. This condition also is seen in other ethnic groups, including Hispanic
and Middle Eastern populations, although with lesser frequency. Men aged 14–25
are most frequently affected [4]. Women may also develop PB in shaven or plucked
areas, including the chin and the groin [4].
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Pathophysiology

PB is thought to develop when closely shaven hairs reenter the epidermis or dermis
as they grow. The hair may enter the skin in one of two manners: extrafollicular
penetration or transfollicular penetration [5]. In extrafollicular penetration, the hair
grows normally within the follicular shaft. Upon reaching the skin surface, the hair
curls back upon itself and enters the epidermis about 1–2 mm away from the
follicular opening. Transfollicular penetration occurs when the shaved hair curls
while still within the follicle, breaks through the follicular wall, and enters the
dermis without ever exiting the skin. The presence of hair within the dermis or
epidermis triggers a foreign body reaction around the tip of the hair [4].

Several hypotheses explain why this occurs. Pulling the skin taut while shaving
allows for the hair to be cut shorter than it otherwise could in the resting position.
Once the skin is released, the short hair retracts beneath the skin surface where it
can curl and pierce the follicular wall [6, 7]. The weaker the follicular the wall, the
more likely the hair will be to break through and initiate an inflammatory reaction.
A substitution mutation in the 1A a-helical segment of the hair follicle-specific
keratin 75 (formerly K6hf), which is expressed in a layer between the inner and
outer root sheath of the hair follicle, is found in 36% of PB cases compared to 9%
of controls [1, 8]. It is hypothesized that the structurally weaker hair sheath con-
ferred by this mutation, in combination with curly hair and close shaving, increases
the risk of transfollicular penetration and ultimately the inflammatory cascade
leading to PB [1, 8]. African Americans and other populations of African ancestry
are particularly predisposed to this condition because of the curvature of the hair
shaft.

Clinical Features

Individuals with PB typically develop firm, follicular and perifollicular papules in
frequently shaved areas, most commonly the anterior neck followed by the cheeks
(Fig. 20.1). The mustache and nuchal areas tend to be spared despite repetitive
shaving. Women who pluck or shave hair-bearing areas may develop papules on
the chin [9]. Other possible locations include the axilla, groin, legs, and scalp
[10–12].

The papules may be hyperpigmented, skin-colored, or erythematous. In some
cases, pustules and papulopustules develop due to secondary infection. Patients
with longstanding disease are at risk for developing hypertrophic scars and keloids.
Postinflammatory hyperpigmentation is a common complication. PB may resemble
several other conditions, including acne vulgaris and bacterial folliculitis
(Table 20.1).
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Fig. 20.1 Pseudofolliculitis barbae of the chin in an African-American male that occurred after
shaving beard hairs

Table 20.1 Differential
diagnosis of pseudofolliculitis
barbae

Condition Differentiating factors

Acne vulgaris Presence of comedones and pustules
Involves non-hair bearing areas of
face

Traumatic
folliculitis

Disappears within 24–48 h
No evidence of ingrown hair

Bacterial folliculitis Prominence of pustules
Positive bacterial cultures

Tinea barbae Unilateral facial involvement
Scaling, annular
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Treatment

Although there are several treatments that improve the appearance of PB, only
discontinuation of shaving is curative [5]. Growing a beard typically results in
resolution of PB within 2–6 weeks [12]. Therefore, as a first-line option, patients
with PB can be advised to grow a beard for at least 1 month. When shaving is
necessary or preferred, modification of the grooming regimen may help decrease
the severity of the condition (Table 20.2).

Prior to shaving, the beard area should be washed with water and a gentle
soap-free face cleanser. Washcloths, brushes, or scrubs can be used to gently
remove trapped beard hairs [13]. Then, shaving cream should be applied.

Historically, single-blade razors have been recommended over multi-blade
razors due to the risk of transfollicular penetration associated with close shaving
[13]. However, newer razors with closer spacing of the blades may be safely used
without exacerbation of PB, especially when used in combination with optimal
technique (e.g., shaving with the grain) and a pre- and post-shave regimen [2, 14,
15]. Foil-guarded manual razors specifically designed for use in patients with PB
may also help improve this condition [2]. Their stainless steel, polymer-coated,
single blade is covered with a foil guard that prevents a close shave and reduces the
risk of transfollicular penetration. Similarly, electric razors that cut beard hairs to an
ideal length of 0.5–1 mm prevent transfollicular and extrafollicular penetration and,
therefore, decrease the number of ingrown hairs after shaving [16]. Regardless of
what type of razor is used, the blades should be kept clean and sharp so that less
force is needed to cut through the hair. Each area should be shaved only once using
soft strokes. The skin should be relaxed rather than pulled taut.

Pharmacological treatments of PB include topical tretinoin, topical and oral
antibiotics, topical low-dose corticosteroids, and topical eflornithine hydrochloride
cream (Table 20.3). These treatments reduce the severity of PB; however, none of
them completely cure the condition. Once the treatment is stopped, the follicular
papules and erythema recur, especially if the prior shaving regimen is continued
[17].

For those willing to try alternative methods of hair removal, chemical depila-
tories containing barium sulfide and calcium thioglycolate may effectively remove
hair without exacerbating PB. However, side effects including contact dermatitis
and skin irritation may limit their use in some patients. Laser therapy has been used
for treatment of PB with good results [18–23]. In patients with Fitzpatrick Skin
Types IV to VI, the neodymium: yttrium aluminum garnet (Nd:YAG 1064 nm)
laser has the best safety profile and, therefore, is typically preferred [24]. The diode
laser (800–810 nm) is another option for patients with darker phototypes. This
treatment should be used with caution as it may cause erythema, burning, and
dyspigmentation of the skin [12].

362 A.F. Alexis and B.P. Kaufman



Table 20.2 Shaving modifications for treatment of pseudofolliculitis barbae

Pre-shave regimen
Wash face with water and mild
soap-free cleanser

– Washing face softens hairs making
them easier to cut

– Loosens and reduces the number of
trapped and ingrown beard hairs [14]

Gently rub face in circular motion
with a washcloth, cleansing pad,
scrub, or brush

– Scrub releases trapped beard hairs
[13]

Apply shaving cream – Shaving cream creates an antifriction
layer and smoother shave [14]

Hair removal practices
Shaving
method

Electric razor – Electric razors that leave 0.5–1 mm of
hair are very successful at decreasing
PFB [16]

Single-blade razor versus
Multi-blade razor

– Single-blade razors are generally
recommended; however, recent
studies demonstrate that multi-blade
razors may not exacerbate PFB [170]

Razors with guards, i.e.,
foil-guarded manual razor

– Guards prevent hair from being cut
too close thereby reducing
transfollicular penetration [2, 5]

Chemical Depilatories (i.e., barium
sulfide powder or calcium
thioglycolate cream)

– Depilatories are associated with
decreased severity of PFB but greater
irritant contact dermatitis [171]

Frequency of
shaving

Daily versus 2–3 times per week – There is no difference in papule or
pustule count

– Reduced frequency of shaving is
associated with a significant reduction
in ingrown hairs

– Daily shaving is associated with
patient perceived better response to
treatment and decreased itching [15]

Blade
characteristics

Sharp blade – Use of a sharp blade decreases force
of shaving and minimizes trauma to
the hair follicle

Direction of
shaving

With or against hair growth – Shaving in the direction of hair
growth is generally recommended;
however, one study found that men
who shaved against the grain had
lower papule counts [15]

Post-shaving
Practices after
shaving

Aftershave preparation – Rehydrates and soothes the skin

Release ingrown hairs (with
toothpick or sterile needle)

– Releasing ingrown hairs helps prevent
PFB
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Table 20.3 Treatment of pseudofolliculitis barbae

Lifestyle
Shaving
modification

Only in mild cases
see Table 20.1

Discontinue
shaving

Mild—1 month
Moderate—2–3
months
Severe—3–6
months [33]

PFB may worzen within the first
week

Compresses
Warm tap
water
Warm Saline
Burow’s
solution

10–15 min
3 times daily

Soothe lesions, reduce drainage, and
soften epidermis to allow for release
of ingrown hairs

Pharmacologic
Topical
Treatment

Low- to
mid-potency
topical steroids

Daily application for
2 weeks
or
1–3 times per week

Topical
antibiotics

Twice daily benzoyl
peroxide 5%/
clindamycin 1% gel

Significant reduction in combined
papule and pustule counts compared
to vehicle [172]

Topical
retinoids

Apply nightly Significant improvement in clinical
lesions and post-inflammatory
hyperpigmentation [17, 173]
Relapse after 2 weeks [17]

Eflornithine
hydrochloride
cream 13.8%

Apply twice daily,
rinse off 4 h after
application

Decreases the number of hairs and
inflammatory papules [174]
Eflornithine + laser is more effective
than laser alone

Oral
treatment

Systemic
antibiotics

Based on bacterial
cultures

Can be used if PFB is secondarily
infected

Oral steroids Prednisone 45–
60 mg daily
7–10 days

May be effective in treatment of
relcalcitrant disease

Intra-lesional
treatment

Intra-lesional
corticosteroids

Procedural
Laser Hair
Removal

Diode laser
(800–810 nm)
Long-pulse
Nd:YAG
(1064 nm)

4–5 treatments
spaced 4–6 weeks
apart

Significant improvement in PFB
[18–22]
Nd:YAG has the safest profile [24]
Lower fluence treatment significantly
reduces PFB while mitigating pain,
pigmentation alteration, crusting, and
blistering [23]

Other
procedures

Electrolysis
Chemical peels
Photodynamic
therapy

Glycolic acid
[175, 176]
Salicylic acid
ALA + PDT [177]
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Acne Keloidalis Nuchae

Acne keloidalis nuchae (AKN) is a chronic, scarring follicular disorder that affects
the occipital scalp and posterior neck. Also called sycosis nuchae, dermatitis pap-
illaris capillitii, keloidal folliculitis, and folliculitis keloidalis nuchae, AKN often
presents with chronic fibrotic papules that may coalesce into keloidal plaques. The
plaques enlarge over many years and become disfiguring.

Epidemiology

AKN predominately affects African-American males with a prevalence ranging
from 1.6 to 16.1% [25–30]. This condition also can be observed in females,
although it is 20 times more common in males [25, 31]. Typically AKN develops
after puberty with a peak around ages 25–34 [32]. By age 55, the condition usually
improves and, in some cases, even resolves due to reduction in hair shaft thickness,
density, sebum production, and other hormonal factors [32].

Pathophysiology

The etiology of AKN is unclear [33]. AKN is frequently seen in patients who get
close haircuts, which may contribute to the popular belief that AKN is due to an
infection from barber’s instruments [32, 34]. However, this condition is not an
infectious process. Some believe that it is a mechanically induced folliculitis
resulting in extensive scarring, while others suggest that AKN is a form of primary
cicatricial alopecia, transepithelial elimination disorder resembling perforating
folliculitis, or variant form of lichen simplex chronicus with follicular scarring
[35–38].

The development of AKN is usually attributed to chronic trauma to the follicular
scalp. The most common predisposing factor is frequent, close haircuts. The risk is
particularly high when the patient or a barber uses blunted and poorly maintained
blades, which requires increased force to cut the hair and may lead to irritation and
bleeding of the scalp [34]. Chronic irritation and friction from collared shirts, sports
helmets, cosmetics or Afro-pick use may also exacerbate AKN [26]. Seborrheic
dermatitis, staphylococcus aureus infection, and elevated serum testosterone levels
have also been reported to play a role [39]. These diverse triggers result in peri-
follicular inflammation [36].

It has been postulated that the posterior neck and occipital scalp are most
affected due to an increased number of mast cells and dilated dermal capillaries in
these areas [26]. The posterior neck and occipital scalp have almost twice the
number of mast cells compared to other areas of the scalp, leading to an increased
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itch sensation [35]. By itching and touching the scalp, patients potentially trau-
matize and further irritate the scalp leading to the eruption of inflammatory papules
and hypertrophic scars.

Clinical Features

AKN initially presents with small, firm follicular papules on the occipital scalp and
the nape of the neck (Fig. 20.2). Early in the disease course, patients may be
asymptomatic or may begin to experience pruritus. Over time, the papules increase
in number and may coalesce into large, hairless fibrotic plaques or nodules that
resemble keloids. There may be hair shafts exiting the lesion at first, but as the hair

Fig. 20.2 Acne keloidalis nuchae on the occipital scalp and posterior neck
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follicles rupture and begin to scar, patchy scarring alopecia develops with little
chance for hair regrowth [40]. Progression of the disease to the plaque-stage is
associated with increasing pruritus, pain, and bleeding [32].

If the scalp becomes secondarily infected, crusted papules and pustules can be
observed. In severe cases, patients may develop large abscesses and draining
sinuses. When pustules are present, bacterial cultures should be obtained in order to
guide antibiotic therapy. AKN may be mistaken for folliculitis, PB, and folliculitis
decalvans (Table 20.4).

Treatment

The most important initial step in the management of AKN is the avoidance of
potential triggers including close haircuts and mechanical irritation from clothing
and hats. Patients should be instructed to avoid cutting hair on the occipital scalp
with razors or clippers. Topical antimicrobial cleansers such as chlorhexidine or
povidone iodine can be used to reduce the risk of bacterial super-infection [41].

Once preventative measures have been taken, various pharmacological, proce-
dural, and surgical treatments may be indicated depending on the severity of dis-
ease. Mild and moderate cases of AKN (with predominately papules and minimal
scarring) may be treated with potent and superpotent topical corticosteroids, topical
immunomodulators, intralesional corticosteroids, topical and systemic antibiotics,
and laser therapy (Table 20.5) [40, 41]. Short-term systemic corticosteroids can be
considered for severely inflamed cases [4]. Unfortunately, the lesions recur within
weeks to months after discontinuation.

Once large fibrotic plaques (� 3 cm) develop, AKN is often resistant to topical
and systemic treatments. For these cases, surgical excision with either primary or
secondary intention closure provides the best chance for cure [42, 43]. Typically, a
horizontal ellipse containing the fibrotic lesion is removed along the posterior
hairline. The excision must extend into the subcutaneous fat to reduce risk for
recurrence of AKN. If primary closure is chosen, care must be taken to avoid neck
flexion, as this may extend the size of the scar. Carbon dioxide laser, electrosurgery,
or electrodessication can be used [44, 45].

Table 20.4 Differential diagnosis of acne keloidalis nuchae

Condition Differentiating factors

Folliculitis/perifolliculitis Primary bacterial infection

Pseudofolliculitis barbae Typically also affects the beard area

Keloid Temporally related to trauma or inflammation

Acne mechanica Usually associated with use of head gear

Folliculitis decalvans Primarily on the vertex and parietal scalp
Erythema and pustules/crusting

Dissecting cellulitis Suppurative nodules and abscesses
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Dissecting Cellulitis

Dissecting cellulitis (DC), also called perifollicular capitis abscedens et suffodiens
or Hoffman disease, is a chronic inflammatory condition of the scalp and a form of
primary neutrophilic cicatricial alopecia. It may be observed as part of the follicular
occlusion tetrad with hidradenitis suppurativa (HS), acne conglobata, and pilonidal

Table 20.5 Treatment of mild to moderate acne keloidalis nuchae

Treatment Dose Considerations

Class I or II topical
steroids

Clobetasol propionate 0.05%
foam twice daily, two weeks
on/two weeks off
Betamethasone diproprionate
0.05% or desoximetasone gel
0.05% twice daily

Decreased number of papules,
improvement in itching, burning, and
pain, improvement in physician/patient
global assessments [40]
Combine with retinoic acid gel to help
decrease pruritus and flatten lesions [4]

Intralesional
corticosteroids

20–40 mg/ml triamcinolone
acetonide injected at 3 week
intervals [41]

May develop hypopigmentation at the
injection site lasting up to 1.5 years [4]

Topical antibiotics Clindamycin (Cleocin-T) gel
BID

Used when there is evidence of
infection i.e. pustules

Topical
immunomodulators

Imiquimoid plus pimecrolimus
twice daily for 8 weeks [178]
Imiquimod alone 5 days on and
2 days off for 8 weeks [33]

Associated with decreased lesion count
and improvement in itching

Oral medications Minocycline or doxycycline Anti-inflammatory and antimicrobial
Choose based on bacterial culture

Punch biopsy Removal of each papule with a
hair transplant punch

May allow for second-intention
healing or close with sutures
Must punch into subcutaneous tissue
to decrease risk of recurrence

Laser therapy Carbon dioxide laser High risk of dyspigmentation generally
outweighs potential benefits in patients
with skin of color

Nd:YAG laser-assisted hair
removal

Destroys the hair follicle, thereby
removing nidus of inflammation and
reducing number of papules plaques
[179]
May remove trapped hairs

UVB therapy UVB therapy up to 3 times
weekly for 16 weeks

UV-induced collagen breakdown and
matrix remodeling decreases lesion
count, improves patient
self-assessment
Decreases the size of larger lesions and
eliminates smaller lesions [180]

Cryotherapy Freeze for 20 s, then thaw, and
then freeze for another 20 s [4]

Freezing for >25 s destroys
melanocytes and causes
hypopigmentation
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cyst [46]. Abnormal follicular keratinization leads to occlusion and destruction of
the hair follicle. Secondary bacterial infection and scarring alopecia can occur
[47–49].

Epidemiology

DC predominately affects African American males between ages 15 and 62, with a
mean age of onset of 26.6 years [50]. Approximately 84% of cases are observed in
males, and 48–65% in African Americans [50]. However, it has been reported in
various different ethnic groups, women, and pediatric populations [47, 50–52].

Pathophysiology

The exact etiology of DC is unknown, but the condition appears to be due to
follicular occlusion in specific areas of the scalp. When keratin debris enters the
pilosebaceous unit, it causes follicular expansion, inflammation, and eventually
dilation of the follicle [53]. Bacteria such as Staphylococcus aureus, Pseudomonas
aeruginosa, and anaerobes can in some cases enter the follicle and cause a sec-
ondary bacterial infection (e.g. folliculitis). Follicular occlusion leads to follicular
rupture and precipitates a neutrophilic and granulomatous response to foreign
material, creating an abscess [47–50]. Since follicular occlusion precipitates the
development of DC, removal of the hair follicle by laser hair removal (or histori-
cally, by scalpectomy) improves the disease.

Clinical Features

DC initially resembles folliculitis with follicular and perifollicular pustules
appearing on the vertex and occipital scalp [50]. The pustules increase in number
and painful nodules develop, followed by abscesses and boggy plaques with
interconnecting sinus tracts (Fig. 20.3) [54]. Purulent or keratinaceous fluid may
drain spontaneously or with applied pressure, and pushing on one abscess may lead
to drainage of a distant area due to interconnecting tracts. A foul odor may be
present when the lesions become secondarily infected.

DC is characterized by a chronic waxing and waning course. Early in the dis-
ease, hair loss is nonscarring and may be temporary. However, the progressive
inflammation in chronic and severe DC can lead to scarring alopecia with irre-
versible loss of hair [55]. Long-term severe cases have been associated with
increased risk of squamous cell carcinoma and skull osteomyelitis [56, 57].
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DC may occur with the other diseases of the follicular occlusion tetrad (HS, acne
conglobata, and pilonidal cyst) or present independently. Marginal keratitis,
arthritis, spondyloarthropathy, and sternoclavicular hyperostosis have also been
reported in association with DC [58–61].

The differential diagnosis includes bacterial folliculitis, folliculitis decalvans,
AKN, tinea capitis, and cutis verticis gyrata (Table 20.6). Typically, DC can be
diagnosed clinically, although a definitive diagnosis may be achieved with a 4 mm
punch biopsy of a suppurative and tender nodule.

Treatment

The preferred treatment for DC depends on the severity of the condition. For mild
to moderate DC, the first-line treatment is oral antibiotics, whether or not bacterial
infection is present (Table 20.7). Commonly used antibiotics include tetracyclines,
ciprofloxacin, trimethropim/sulfamethazole, or a combination of clindamycin and
rifampin [59, 62–66]. A bacterial culture should be obtained prior to treatment and,
if positive, antibiotic choice should be tailored to causative bacteria.

High dose oral zinc sulfate, with doses ranging from 135 to 220 mg three times
per day, has been associated with complete healing of DC and long-term remission

Fig. 20.3 Dissecting cellulitis of the scalp in an African-American male
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Table 20.6 Differential diagnosis of dissecting cellulitis

Condition Differentiating factors

Acne keloidalis nuchae Fibrotic, keloid-like nodules and plaques
No sinus tracts, suppurative nodules, or cicatricial alopecia

Tinea capitis or kerion Positive KOH preparation or fungal culture

Folliculitis decalvans No sinus tracts or nodules

Cutis verticis gyrata Asymptomatic, no sinus tracts or suppurative nodules

Bacterial folliculitis Absence of boggy nodules and sinus tracts

Table 20.7 Treatment of dissecting cellulitis

First line therapy
• Antibiotics (for at least 3 months)
– Ciprofloxacin 250–500 mg BID [63, 64]a

– Clindamycin 300 mg BID with rifampin 300 mg BID [59, 65]a

– Trimethroprim/sulfamethoxazole DS BID [59]
– Minocycline 100 mg BIDa

With antiandrogens [66]
• Zinc Sulfate
– High dose zinc sulfate 135–220 mg TID for months [54, 67, 68]

• Improved scalp hygiene [84]
– Avoid cosmetic products
– Topical antibiotic soaps, i.e., chlorhexidine and benzoyl peroxide

Second line therapy
• Oral retinoids
– Isotretinoin 0.5–1 mg/kg for 3–12 months [71–74]a

– Isotretinoin with dapsone 50–100 mg [181]
– Acitretin 10 mg with oral prednisolone, zinc, and topical tacrolimus/glucocorticoids [54]

Third line therapy
• Biologics
– Adalimumab 80 mg loading dose ! 40 mg week 1 ! 40 mg every other week [70]
– Infliximab 5 mg/kg every 8 weeks [69]

Fourth line therapy
• Laser Hair Removal
– Long-pulsed Nd:YAG laser (1064 nm) [76]
– Diode Laser (800 nm) [75]

• Surgery [80–83]
– Wide local excision with split-thickness skin graft
– Full scalpectomy with skin grafting

• Radiation beam therapy [79]
• CO2 laser ablation of scalp [78]

Adjunct treatments
• Intralesional Corticosteroids
– Intralesional triamcinolone acetate 5–10 mg/kg every 2–4 weeks in combination with first,
second, or third line therapies [84]

• Oral Prednisone
– Prednisone 40–60 mg/day followed by taper [85]

aPreferred therapies
Modified from: Scheinfeld [59]
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of more than 5 years [54, 67, 68]. In one patient with acne conglobata and DC,
nodules began flattening within four weeks and hair regrowth was evident at three
months; long-term low-dose oral zinc was necessary to prevent relapse of the
condition [67]. Adalimumab and infliximab (anti-TNF agents) have been associated
with improvement in symptoms in small case reports and series; however, DC may
return after discontinuing treatment [69, 70].

For more severe cases or those resistant to topical antibiotics, isotretinoin is the
treatment of choice. Isotretinoin 0.5–1.0 mg/kg is associated with complete
remission in 92% of patients, usually within the first three months of treatment
[71–74]. Isotretinoin should be continued for 6 months to 1 year. Unfortunately,
relapse frequently occurs after discontinuation, although the severity may be
decreased [50].

For any cases refractory to medications, procedural therapies should be con-
sidered. Incision and drainage can result in temporary relief of symptoms and
reduction of nodule size. Laser-assisted epilation using the 800 nm diode laser and
1064 nm long-pulsed Nd:YAG laser have been reported in DC patients with skin of
color [75–77]. For severe recalcitrant cases, surgical excision can be considered
[78–83].

Although they do not alter the course of disease, intralesional injections of
triamcinolone acetonide 5–10 mg/kg every 2–4 weeks in combination with other
therapies may assist with symptomatic relief [84]. Prednisone 40–60 mg/day fol-
lowed by a taper may also improve the symptoms of DC in the acute setting but has
no long-term effect of the disease course [85]. In addition, use of topical antibiotic
soaps including chlorhexidine and benzoyl peroxide help reduce the risk of sec-
ondary infection [84].

Hidradenitis Suppurativa

HS, also called acne inversa (OMIM 142690), is a chronic inflammatory disorder of
the follicular epithelium in apocrine-gland bearing areas [86]. The condition is
characterized by recurrent papules, nodules, abscesses, and sinus tracts most
commonly found in the axilla, groin, and buttocks [87]. HS often is very distressing
to patients and has a significant impact on quality of life [88].

Epidemiology

HS affects all ethnicities with an overall prevalence ranging from <1 to 4%, but
may be more common in African Americans according to some reports [86, 89–91].
One retrospective chart review suggested that 6.4% of black patients versus 3.9% of
white patients have HS [92]. Based on data from the 1990–2009 National
Ambulatory Medical Care Survey (NAMCS), African Americans have 1.5 times
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more visits than non-Hispanic whites and 3.5 times more visits than Hispanics for
HS [93]. This may be due to an increased number of apocrine sweat glands in
African-American individuals [94]. Females are more commonly affected with a
ratio of 3:1 [90]. HS usually develops between the onset of puberty and age 40,
with the highest incidence during the third decade of life [95].

Pathophysiology

The pathogenesis of HS is not well understood. Although there are many theories
for why the condition occurs, it is generally accepted that the primary event in the
development of HS is follicular occlusion, followed by follicular rupture, and
ultimately an aberrant immune response leading to chronic inflammation.

Initially there is a hormonally mediated increase in proliferation of ductal ker-
atinocytes and decrease in keratinocyte shedding. The follicle duct becomes
occluded and progressively expands [96]. One hypothesis suggests that a fragile
sebofollicular junction allows for leakage, trauma, and rupture of the occluded
follicle [97]. As a result, keratin fibers deposit in the epidermis triggering an innate
inflammatory response [98]. Over time, the acute inflammation may progress to
chronic granulomatous inflammation. In addition, stem cells released from the
ruptured hair follicle may proliferate within the dermis and lead to the formation of
sinus tracts [97].

Alternatively, the chronic inflammation may be the result of a dysfunctional
immune response to microbial products [99]. Instead of initiating a protective
response, keratinocytes may activate a chronic inflammatory pathway that damages
the host tissue instead of eliminating the bacteria [100]. Overexpression of toll-like
receptors, tumor necrosis factor a interleukin 23/T helper 17 (IL-23/Th17) pathway,
and interleukin 1b all have been implicated in the development of HS [101–103].
The effectiveness of immunomodulatory agents such as oral steroids, cyclosporine,
and anti-tumor necrosis factor a therapy in treating HS helps support the latter
hypothesis [104]. Further, antibiotic therapy decreases bacterial colonization and,
perhaps by abating the immunological impetus, helps reduce the severity of
inflammation [105–107].

Genetics may also predispose patients to the development of HS. As many as
one-third of affected individuals have a first-degree relative with the condition
[107–109]. Chromosome 1p21.1-1q25.3 is associated with increased risk in
Chinese individuals and mutations of the c-secretase complex are found in
Caucasians and Asians with HS [87, 109–115]. There is only one case study
reporting genetic predisposition in African Americans. This study demonstrated
autosomal dominant transmission of HS through a heterozygous nonsense mutation
in NCSTN (c.C349T; p.R117X) on chromosome 1 [116]. Other risk factors include
bacterial colonization and infection, hormonal influences, smoking, obesity, and
metabolic syndrome [117, 118].
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Clinical Features

HS is a chronic, relapsing and remitting condition that presents with exquisitely
painful comedones, subcutaneous nodules, abscesses, and draining sinus tracts in
areas of the body that contain apocrine glands (Fig. 20.4). Typically affected sites
include the axillae (most common), submammary folds, abdominal fold, groin,
buttocks, and medial thighs. Patients often complain of unrelenting pain and fre-
quent drainage of serous, purulent, or bloody material from the interconnecting
sinuses. Longstanding disease can result in fibrosis, dermal contractures, scarring,
fistula formation, and rarely malignant transformation to squamous cell carcinoma
[119, 120].

HS is seen in conjunction with several other conditions. Notably, as a member of
the follicular occlusion triad, HS often occurs with acne conglobata, DC of the
scalp, and/or pilonidal cysts [46]. There is also an association between HS and
Crohn’s disease, acne vulgaris, and PAPASH syndrome (pyogenic arthritis, pyo-
derma gangrenosum, acne, and suppurative hidradenitis) [89, 121, 122].

HS resembles several other clinical conditions (Table 20.8). The diagnosis of HS
can be made if a patient meets all three criteria of the modified Dessau definition
[123]. These criteria are (1) Presence of typical lesions (painful nodules, i.e., “blind
boils,” abscesses, draining sinuses, bridged scars, “tombstone” double-ended
pseudocomedones) (2) Involvement of � 1 classically involved body site (axillae,
buttocks, groin, infra- and intermammary folds) and (3) Clear history of chronicity
and recurrence (often defined as two recurrences within six months). A skin biopsy

Fig. 20.4 Hidradenitis suppurativa on the axilla
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usually is not necessary but can be performed if the diagnosis is unclear. Once a
definitive diagnosis of HS is made, there are several scoring systems that physicians
can use to determine the severity. These include Hurley staging, Sartorius score,
HS-specific Physician Global Assessment (PGA), Hidradenitis Suppurativa
Severity Index (HSSI), and Hidradenitis Suppurativa Clinical Response (HiSCR)
score [124].

Treatment

The approach to treatment of HS involves a combination of lifestyle changes,
supportive measures, and pharmacological and procedural therapies. No definitive
cure for HS exists and therapies that are very successful in some patients may have
no effect in others. While mild to moderate disease can often be controlled with
medications, more severe cases with fibrosis, scarring, and contractures may be
resistant to most accepted treatments.

The first step in management of HS involves educating the patient on lifestyle
modifications that may improve the condition (Table 20.9). Smoking cessation,
weight loss, avoidance of tight-fitting clothing and topical irritants, and elimination
of dairy products and high glycemic foods from the diet may be associated with
improvement in symptoms [97, 125–129]. In addition, it is important that providers
inquire about possible psychological symptoms and refer patients to mental health
services or support groups if needed.

Choice of pharmacological agents depends on the severity of the condition. Mild
to moderate cases often respond to topical therapies, whereas oral medications and
surgery are often needed for more advanced lesions (Table 20.10). Clindamycin 1%
solution twice daily is associated with improvement in mild inflammatory lesions,
likely due to treatment of coexisting superficial secondary infection and mild
anti-inflammatory effects [129–131]. Unfortunately, the lesions recur after stopping

Table 20.8 Differential diagnosis of hidradenitis suppurativa

Condition Differentiating factors

Acne vulgaris Primarily on face, chest, back
No sinus tracts or extensive scarring

Folliculitis, carbuncles, furuncles Transient lesions
Usually respond to appropriate antibiotics
No comedones, sinus tracts, hypertrophic scars

Pilonidal cyst Isolated to area of the natal cleft
May occur in conjunction with HS

Granuloma inguinale Enlarging ulcer with an undermined border
Visualization of Donovan bodies

Perianal Crohn’s disease History of gastrointerstinal Crohn’s disease
Classic “knife-cut” ulcers
Rectovaginal and rectoperineal fistulas
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the antibiotic. Topical resorcinol 15%, a chemical peeling agent, has been shown to
reduce pain, improve healing, and promote resolution of abscesses when applied to
acutely inflamed lesions once to twice daily [132]. Intralesional corticosteroids are
frequently used as an adjunct to other therapies and can relieve symptoms in
actively inflamed cases [86].

Patients with refractory mild to moderate disease are often started on oral
doxycycline or minocycline 50–100 mg twice daily. Although anecdotal reports
suggest that these antibiotics are effective, a randomized trial of oral tetracycline
versus topical clindamycin showed no significant difference in improvement
between the two treatments [130]. Acute flares of mild HS are typically treated for
7–10 days. Moderate cases usually require at least a 2- to 3-month course. Oral
clindamycin and rifampin twice daily for 10 weeks has been shown to be very
effective in patients who fail traditional therapy [105, 131, 133]. However, the
majority of responders relapse within 5 months of stopping the medication [133].
Dapsone 50–200 mg is also associated with clinically significant improvement, but
as with other antibiotics, symptoms tend to recur after treatment cessation [134,
135]. In one retrospective study, a combination of rifampin, moxifloxacin, and
metronidazole was effective, but treatment was limited by side effects [106].

Other possible treatments for HS include oral retinoids, hormonal (anti-androgen)
agents, targeted therapies, and immunosuppressants [136–141]. The effect of iso-
tretinoin is limited in HS compared to acne vulgaris with only 24% of patients
achieving full clearance and 49% achieving any improvement at all, but the relapse
rate is significantly lower than other therapies [136, 142]. Acitretin is associated
with better outcomes, although its use is limited due to side effects—including
teratogenicity in women of childbearing potential—and the need for close moni-
toring [143]. Hormonal therapies that work to counteract the effects of androgens,
including cyproterone acetate (not available in the US), oral contraceptive pills,

Table 20.9 Patient education, support, and lifestyle modifications in the management of
hidradenitis suppurativa

• Patient education and support [125]
– Inquire about impact on quality of life and symptoms of depression
– Provide psychological support or refer to qualified provider

• Avoid trauma to affected areas [125]
– Wear loose-fitting clothing
– Do not manipulate the lesions
– Use perfume- and dye-free laundry detergent for clothing

• Gently clean and dress the lesions daily
– Use gentle, soap-free cleansers
– Avoid scrubbing the area
– Cover draining lesions and post-surgical wounds with white petrolatum, absorbent dressing,
and tubular net or mesh dressings

• Other Lifestyle modification
– Smoking cessation [126, 127]
– Weight loss [127]

– Low glycemic and low dairy diet [127, 128]
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and finasteride are thought to be more effective than antibiotics alone [137–139,
144]. Oral contraceptive pills containing ethinyl estradiol or drospirenone are pre-
ferred and should be combined with spironolactone 50–100 mg if possible [145].

For severe, inflammatory HS, anti-TNFa inhibitors adalimumab and infliximab
are associated with significant clinical improvement [104, 146–150]. Adalimumab
is FDA (Food and Drug Administration) approved for moderate to severe HS.
Infliximab appears to be more effective based on current evidence; however, more

Table 20.10 Pharmacological and non-pharmacological treatment of hidradenitis suppurativa

• Local therapy
– Benzoyl peroxide wash [125]
– Topical clindamycin [129–131]
– Topical resorcinol [132]
– Intralesional corticosteroids [86]

• Systemic Therapy
– Oral antibiotics

Tetracyclines
Doxycycline 50–100 mg BID
Minocycline 50–100 mg BID

Clindamycin 300 mg BID and rifampin 300–600 mg BID [105, 131, 133]
Dapsone 50–200 mg daily

– Hormonal therapy
Anti-androgen medications i.e. cyproterone acetate + estrogen, oral contraceptives, oral
contraceptives + spironolactone, finasteride

– Targeted therapy
Infliximab [146, 147]
Adalimumab [104, 150]
Ustekinumab [153, 154]
Anakinra [155, 156]
Etanercept (not currently recommended) [151, 152]

– Immunosuppressants
Systemic glucocorticoids [125]
Cyclosporine [140, 141]
Tacrolimus [157]

– Oral retinoids
Acitretin 0.6 mg/kg daily for 9–12 months [143]
Isotretinoin 0.5–0.8 mg/kg for at least 4–6 months [136, 142]

– Metformin [182]
– Zinc supplementation [183, 184]

• Surgery
– Punch debridement (mini-unroofing)
– Incision and drainage [165]
– Surgical unroofing
– Carbon dioxide (CO2) laser excision [167]
– Wide excision [168, 169]

• Other procedures
– 1064 nm long-pulsed Nd:YAG laser [158, 159]
– Intense pulsed light [160]
– External beam radiation [161]

– Photodynamic therapy [162–164]
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research is needed to directly compare different targeted therapies. Etanercept is not
currently recommended due to inconclusive data on its efficacy [151, 152]. Newer
therapies targeting IL-23/Th17, ustekinumab, and IL-1b, anakinra, are being
actively studied and show promise for the treatment of HS [153–156]. Temporary
improvement in symptoms also may be seen with cyclosporine, tacrolimus, and
systemic corticosteroid taper [125, 140, 141, 157].

Laser and light therapy are another choice for refractory cases. The 1064 nm
long-pulsed Nd:YAG laser is associated with a 64–73% decrease in severity for
treated sites in the inguinal, axillary, and inframammary regions [158, 159].
Treatment of affected areas with intense pulsed light and external beam radiation
has also been reported to be effective in HS [160, 161]. Mixed results with pho-
todynamic therapy have been reported [162–164].

For severely debilitating disease with scarring and contractures, surgery can be
considered. Possible surgical approaches include incision and drainage, punch
debridement, unroofing, and surgical excision. Incision and drainage provides
symptomatic relief without any effect on the long-term course of the disease, and
therefore punch debridement is often preferred for treatment of acute nodules [165].
The initial surgical therapy for severe nodules, abscesses, and sinus tracts would be
unroofing (also referred to as deroofing) [166]. This involves exploring lesions with
a blunt probe and then using a scalpel to remove the top of each tract so that the
base of the lesion can be scraped. The lesion then will heal by secondary intention.
Surgical excision with carbon dioxide laser is extremely effective in treating HS,
with recurrence seen in only 3% of patients upon follow-up of up to 19 years [167].
However, carbon dioxide laser is associated with a high risk of severe dyspig-
mentation in patients with higher Fitzpatrick Skin Types. Severe, recalcitrant cases
can be cured with complete lesion resection [168, 169]. A limited number of expert
surgical teams and the risks of delayed wound closure and wound dehiscence
significantly limit a radical surgical approach.

Key Points

• PB presents as 2–4 mm papules and pustules, most commonly in the beard area
of African-American males. The first step in management is discontinuation of
close shaving. Topical medications, including antibiotics, steroids, and retinoids,
as well as laser hair removal have been shown to be effective in treatment of this
condition.

• AKN presents with inflammatory papules and pustules that coalesce into nod-
ules and keloid plaques on the occipital scalp. Patients should be advised to
avoid short haircuts and friction to the occipital scalp. Mild to moderate cases
may be treated with class I/II topical corticosteroids, topical antibiotics, and
intralesional corticosteroids, whereas large keloids may require procedural or
surgical intervention.

• DC initially resembles folliculitis of the vertex and occiput and ultimately
progresses to the formation of inflammatory pustules, cysts, abscesses, and
draining sinus tracts. First-line treatments include improved scalp hygiene, oral
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antibiotics, zinc sulfate, and laser hair removal. Refractory cases may require
oral retinoids, biologics, or even surgical removal.

• HS is characterized by painful comedones, subcutaneous nodules, abscesses,
and draining sinus tracts in areas of the body that contain apocrine glands,
particularly the axilla, groin, and buttocks. Initial management involves coun-
seling on lifestyle modifications and use of topical antibiotics. Refractory dis-
ease may be treated with systemic antibiotics, oral retinoids, hormonal
(anti-androgen) agents, or laser therapy. Severe cases may require targeted
therapy or surgical excision.
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Chapter 21
Skin Aging in Individuals
with Skin of Color

Daniel Callaghan, Babu Singh and Kavitha K. Reddy

We have been fortunate as a global population that life expectancy continues to
increase. With time, we have also seen an increased number of and availability of
effective cosmetic treatments, along with increasing individual and cultural pref-
erences for cosmetic improvement. These coalescing factors have increased our
desire to understand the aging process and increased the demand for effective aging
treatments. These trends affect all skin types, including those with skin of color.

Traditional discussions of skin aging and aging treatments focused primarily on
white skin. However, more recently the discussion has been expanded to include
the entire human family and all of its various skin colors. Those with skin of color
comprised approximately 15% of patients undergoing cosmetic procedures in 1997;
this number had increased to 22% by 2014 [1]. Today, cosmetic treatments are
performed in skin of all colors with continued increases in the number of indi-
viduals seeking safe and effective treatment. As a clinician, it is important to
understand aging not only to treat the elderly patient who may want to look a few
years younger but also to be able to provide proper counseling to younger patients
to help reduce preventable signs of aging. Additionally, a firm understanding of the
changes seen in aging can allow a clinician to better counsel and treat any indi-
vidual who simply would like to improve an aspect or aspects of their cosmetic
appearance whether or not it is directly related to aging. Though it is informative to
compare and contrast some of the differences in characteristics of aging seen in
various skin colors, it is important to remember that while generalizations are easy
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to make, a thoughtful reader will take into account population data while also
realizing the limitations of such data to ultimately treat each and every patient
individually.

Physiologic and Structural Properties of Skin

The vast majority of the elements of the skin are identical between races. However,
there are some differences seen in skin of individuals of a variety of colors. The
most noticeable difference is an increased melanin concentration. In terms of aging,
this is significant because melanin serves as a natural defense against ultraviolet
(UV) damage and photoaging, and is able to reduce, though not eliminate, pho-
toaging. Melanin content in the epidermis of black individuals has been reported to
provide on average a SPF protection of 13 compared with white skin and to block
three times the amount of UVA transmission [2]. There has also been discussion
that Asian and Black skin may be more compact and in some cases thicker as
compared to white skin [3, 4]. People of color have also been reported to have more
numerous, larger and more nucleated fibroblasts in the dermis [5]. Due to the role
fibroblasts play in the production of collagen, it has been hypothesized that this may
enable people of color to better preserve the structural integrity of their skin with
aging [6]. More recently, Fantasia et al. have demonstrated that African-American
skin has enhanced TGF-b signaling which is thought to increase the expression of
elastin, ultimately providing additional protection against the changes seen in not
only extrinsic but also intrinsic aging [7]. It should be kept in mind, however, that
many of these studies are either quite dated or small in number, and until larger and
more robust studies are completed, we cannot reliably assess these hypotheses and
conclusions.

Features of Aging

Aging is a complex process of biologic and physiologic changes in the skin and other
organs. Informally, the most rapid and common way those in society approximate
another persons’ age is by their appearance. The most common signs of aging across
all skin types include wrinkles, loss of elasticity, loss of facial and subcutaneous fat
volume, fat redistribution, changes in bone structure, and uneven skin color.

Intrinsic and Extrinsic Aging

Aging is often subdivided into intrinsic and extrinsic aging processes. In reality,
these are often overlapping or mixed, since various intrinsically generated and
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extrinsically delivered assaults on the skin share some common endpoints. Intrinsic
aging, also described as chronologic aging, is a natural process that occurs with time
and is not related to external stressors such as ultraviolet damage or smoking.
Features of intrinsic aging include fine wrinkles, fat atrophy, soft tissue redistribu-
tion, skin thinning, and bone remodeling [8]. Conversely, extrinsic aging is a result
of one’s lifestyle choices or environment. Tobacco use, diet and exercise habits,
nutrition, and type and amount of alcohol use are all contributors to extrinsic aging.
Ultraviolet light (sun) exposure has traditionally been considered the single largest
driver of extrinsic aging. While this appears most true for light skin colors, as with all
skin colors, the amount of contribution to individuals with skin of color likely varies
with factors such as amount of lifetime UV exposure, use of sun protection, natural
skin pigmentation level, and amount of exposure to other non-UV stressors.

Photoaging

Photoaging may manifest clinically as loss of elasticity leading to skin sagging,
deep rhytids, propensity to senile purpura, telangiectasias, and pigmentary disorders
[9]. While senile purpura and telangiectasias are less common in skin of color, one
can immediately recognize that some photoaging signs can also be seen in intrinsic
aging, and appear to be accelerated by the addition of UV exposure.

Changes of photoaging in people of color as a whole is generally believed to
occur on average at a later age than Caucasians, typically not becoming apparent
until the fifth or sixth decade of life [10]. A study by Hillebrand et al. which
compared different ethnic groups in Los Angeles found that increased skin wrinkling
was observed in the following order: Caucasian > Hispanic > African
American > East Asian [11]. Though this is a single study which obviously cannot
be generalized to entire populations, it is an interesting observation that less wrin-
kling was observed in East Asians compared to African Americans, which reinforces
that there are likely additional factors beyond melanin content alone in providing
protection from rhytids and aging. Cultural practices, sun safety/avoidance practices,
and individual skin care regimens and lifestyles all sensibly contribute to skin aging.

Age-Associated Pigmentary Changes

The increased melanin that protects against photoaging also makes one more sus-
ceptible to problems with dyspigmentation. These changes may include mottled
pigmentation and solar lentigines. In clinical practice, these are common concerns
in those with skin of color. Photoaging was reported in one study to account for up
to 17% of all dermatological diagnoses in Hispanic patients seen [12]. In another
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report, uneven skin tone was the chief complaint of darker skinned women more
than 33% of the time [13]. Pigmentary concerns must be evaluated carefully and
appropriately diagnosed to provide a more accurate prognosis and identify optimal
treatment options. Common pigmentary concerns associated with skin aging are
described below.

Dermatosis Papulosa Nigra/Seborrheic Keratoses

Seborrheic keratoses are common across all skin colors and types. They are clearly
associated with age clinically, and appear to have a genetic or as yet unidentified
environmental component, as some individuals are more prone to developing a
large number of them compared with others. The precise etiology of seborrheic
keratoses is not known. When present as medium to dark brown papules and
plaques particularly grouped around the eyelids and upper cheeks in individuals of
color, these are called dermatosis papulosa nigra (DPN) (Fig. 21.1). DPN are
believed to represent a variant of seborrheic keratoses, as the histologies
overlap. DPN are often particularly abundant in blacks, affecting upto one-third of
African Americans.

Although these lesions are benign, treatment is often pursued for cosmetic
purposes. Due to the risks of dyspigmentation and scarring, patients should be
counseled with care about these risks before treating them. Treatment options
include simple snipping, curettage, excision, or electrodesiccation. Cryotherapy or
laser ablation are also available, though dyspigmentation may be of even greater
concern with these modalities.

Fig. 21.1 a Bilateral brown periorbital waxy papules; b closer view
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Maturational Hyperpigmentation

Maturational hyperpigmentation is a controversial term that has been described as
ill-defined hyperpigmentation greatest on the lateral forehead and cheekbones. It is
thought to be associated with chronic photodamage given the sun-exposed distri-
bution [14].

Cherry Angiomas

Cherry angioma, also known as senile angioma or Campbell-De Morgan spot, is the
most commonly acquired vascular proliferation with aging. Cherry angiomas may
occasionally develop during adolescence, but usually first appear during the third
decade or later of life. Murison et al. observed an incidence of 75% at age 60, and
an increasing number and size of lesions with age [15]. Tindall et al. observed
cherry angiomas in 73% of their elderly (age 64 and greater) study population [16].
Equal incidence of cherry angiomas in men and women has been reported [15, 16].
There has been no clear genetic inheritance of cherry angiomas observed to date.
The etiology for developing cherry angiomas is unknown, but has been associated
with pregnancy, occupational exposure to bromides and glycol ether solvent
2-butoxyethanol, and toxicity from sulfur mustard gas [17–20].

Clinically, cherry angiomas appear as asymptomatic flat, red macules or
dome-shaped, red compressible papules, ranging in size from 1 to 5 mm
(Fig. 21.2). Cherry angiomas are most frequently distributed on the trunk, although
they are also often observed on the scalp [21–23]. Histologically, cherry angiomas
consist of ectatic capillaries and venules in the papillary dermis and superficial
reticular dermis.

Limited data exists on the incidence of cherry angiomas in different racial groups
or skin types. Some have suggested that darker brown skin types may have lower
incidences of cherry angiomas than skin types I and II. In a retrospective study
performed with Indian subjects who were skin type IV, cherry angiomas were
observed in 15.2% of the population studied [9]. Tindall et al. found that people of
color had lower incidences of cherry angiomas (11% in men, 45% in women)
compared to Caucasian men and men (77% in both men and women) [16].
Beauregard et al. reported that cherry angiomas were statistically associated with
skin type III or less, but not with skin type VI [24]. In clinical practice, however,
cherry angiomas are regularly seen on a variety of skin types, including type IV.

Evidence on the safe and effective treatment of cherry angiomas in skin of color
is limited. Treatment modalities must be carefully selected in patients of color to
prevent scar, keloid, and pigmentation changes. Cherry angiomas, although benign,
may pose a cosmetic concern for some patients who request removal of lesions.
Cryotherapy may cause undue scarring and pigmentation sequela if performed on
skin of color [25]. Electrodessication can be considered though risks remain.
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Sclerotherapy is not standard and does not show high efficacy rates [26]. The
532 nm KTP laser risks unnecessary dyspigmentation in darker skin types. The
pulsed dye laser is an option, though also carries some risk of dyspigmentation or
scarring. The 1064-nm neodymium-doped yttrium aluminum garnet (Nd:YAG)
laser has been effective for many in treating cherry angiomas, though there is a risk
of ulceration and scar [27]. Given the common nature of these lesions, more studies
will be beneficial in documenting and providing optimal treatment options and
parameters.

Periorbital Hyperpigmentation

Periorbital hyperpigmentation presents as bilateral round or semicircular, ill-defined
hyperpigmentation around the eyes and eyelids. It is often attempted to be classified
into pigmented (brown color), vascular (blue/pink/purple color), or mixed [28].
Although it is a common worldwide problem across all skin types, it is commonly
seen in skin of color [29]. While its etiology remains unclear, it has been associated
with genetics, sometimes with a history of excess pigmentation from a resolved or
chronic contact or allergic dermatitis, history of chronic periorbital edema, and
hormonal factors. Treatment is difficult and patients should be made aware of this.
Adequate sleep, hydration, and sun protection remain the foundation of therapy,

Fig. 21.2 Cherry red
dome-shaped round papules
on the chest
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though additional cosmetic measures such as topical vitamin C, or daily antihis-
tamine therapy, can be tried, sometimes with improvement [30].

Solar Lentigines

Solar lentigines are a result of sun exposure and appear more in the aged popula-
tion. While they are reported to be more common in white skin, they remain a
common complaint in those with skin of color [31]. Sun protection, combined with
lightening agents and/or laser treatment, are the typical treatments.

Idiopathic Guttate Hypomelanosis

Idiopathic guttate hypomelanosis (IGH) is an aging condition presenting as discrete,
round to oval hypopigmented light to white-appearing macules. These range in size
from 2 to 5 mm in diameter. Congenital or childhood hypopigmented macules are
usually of a different cause and should be evaluated by a dermatologist. IGH are
often found in a photodistribution, with the arms, legs, trunk, and face possibly
being affected. Its etiology remains unclear; however, causative factors that have
been suggested include genetics, possible auto-immunity, and chronic sun expo-
sure. The belief that photodamage plays a role is due to the observation that IGH
often presents in sun-exposed areas. Conversely, Kim et al. were not able to find
any histopathologic features of actinic damage in skin affected by IGH [32].

Changes in Facial Volume and Structure

It is useful to highlight the classic features of facial aging in all skin colors. These
include increasing laxity of the skin of the upper eyelids. An increase in skin laxity
leads to the lower eyelids to also transition from the ‘single convexity’ seen in a
youthful face, to a frequent ‘double convexity’ [33]. In the lower face, sagging and
jowling are commonplace, increasing the prominence of the nasolabial folds and
blurring the cervico-mental angle. Rhytides are often seen on the forehead, glabella,
periorally, and periorbitally. Additionally, there is typically a decrease in the vol-
ume of the lips [6, 34, 35].

African Americans have been suggested by some to have increased soft tissue of
the mid-face, more prominent lips, and increased facial convexity as compared to
Caucasians, though this would of course vary by individual. Mid-face volume
changes are a prominent concern as with those of all skin colors. In general, the lips
of African Americans have also been reported by some to more often be fuller than
their Caucasian counterparts. Although lip atrophy with aging occurs, it has been
reported less commonly as a concern at least in published literature [14].
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In discussing aging in Asians, it is important to appreciate the differences
between skin type and skeletal structure in individuals from East Asia compared
with those from Southeast Asia. Individuals from East Asia often have a more
delicate appearing facial skeletal framework. Despite this, some have reported there
is a stronger support network for the muscles and skin. Nonetheless, like those of all
skin types, over time almost all individuals succumb to some degree of facial
sagging [36–38]. There is a paucity of studies examining the specific aging features
in most groups with skin of color. This includes those of South Asian descent and
those of several Latino or Hispanic backgrounds. From a structural point of view,
individuals from these groups share more Caucasoid features, and facial volume
changes can occur similarly as with all other individuals of any skin color.

We remind the reader that it is important to remember there is an incredible
amount of heterogeneity and diversity within the different populations representing
‘skin of color’, and that data is limited. It is important to evaluate each patient
individually.

Photoprotection and Aging Prevention

The increased melanin found in individuals of skin of color does provide some level
of photoprotection. This has been estimated at an SPF of 13 for the
African-American skin studied in an old study [2], though this clearly cannot be
generalized with much accuracy to the large and diverse global population of
individuals with skin of color. While melanin protection is certainly beneficial to
protect against photoaging, it likely does not provide sufficient sun protection in and
of itself to optimally reduce photoaging or pigmentary disorders. The common
recommendation by dermatologists is to apply a broad spectrum, SPF 30 + sun-
screen daily and avoid unnecessary sun exposure, particularly peak or prolonged
exposures. This applies to individuals with skin of color as equally as those with
lighter skins, provided that the individual is concerned with skin aging. Even if
he/she is not, sun safety is of some concern as well, since skin cancer can also afflict
those with skin of color. Vitamin D levels can be bolstered with oral supplemen-
tation when needed in those who may benefit from reducing sun exposure.

Despite this information, people of color and their physicians are often unaware
of these recommendations. Many do not routinely practice photoprotection as they
are often under the assumption that it does not apply to them, and in some cases,
physicians may also erroneously believe that UV-related aging changes, dyspig-
mentation, or skin cancer are not of significant concern for patients of color [39]. It
is appropriate to consider counseling individuals of color about sun protection. That
includes the importance of daily broad-spectrum sunscreen of at least SPF 30 as
well as other sun-protective behaviors such as UV protective clothing, use of
wide-brimmed hats, and avoiding midday sun [40]. This not only helps combat the
aging effects of the sun but also can help prevent skin cancers in susceptible
individuals.
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While sun protection remains the most commonly recommended preventive
agent for the skin, exercise and healthy nutrition habits are also important to reduce
signs of aging in all organs, including some important benefits for the skin.

Dermal Fillers

Dermal fillers are a popular option for treating the volume loss and soft tissue
redistribution seen with aging. Features of mid-facial aging are most commonly
treated. Other frequently treated areas of volume loss include the temporal region,
chin, and lips [41]. Though there had initially been concerns that the use of fillers in
skin of color could lead to dyspigmentation or the development of keloids, studies
to date involving hyaluronic acid, cohesive polydensified matrix hyaluronic acid
(HA), calcium hydroxyapetite, and poly-L-lactic acid have shown these risks to be
minimal to nearly nonexistent. Common HA fillers used in clinical practice are as
effective in skin of color patients as they are in Caucasians [42–50].

The most common side effects typically seen with fillers include injection-site
related erythema and edema [42]. Techniques that may dissipate adverse events
include slower injection rates and injection of smaller boluses [49, 51]. If
post-injection erythema and bruising occurs, patients can be counseled that it
typically resolves without sequelae. That being said, if the post-injection erythema
is significant, the use of a mid- to high-potency topical corticosteroid may diminish
the risk of PIH and can be considered [46].

Neuromodulators

Botulinum toxin is used to reduce muscle contraction, thereby reducing the wrin-
kles that form as a result of repeated movements. Botulinum is also sometimes used
to shape or relax certain areas of the face by decreasing muscle size or strength.
Available botulinum toxins include Onabotulinumtoxin A (Botox®), incobo-
tulinumtoxin A (Xeomin®), and abobotulinumtoxin A (Dysport®). Botulinum
toxin-type B includes rimabotulinumtoxin B, which at the time of publication has
not been FDA approved for cosmetic usage. Botulinum toxin medications are
routinely used on-label for rhytides, for example of the glabella, and often off-label
for the treatment of a wide variety of indications including horizontal forehead
lines, Crow’s feet, nasal bunny lines, perioral rhytides, marionette lines, and
masseter hypertrophy.

Botulinum toxin has been found to be equally well tolerated in skin of color as in
white skin without any clear differences noted. Dosage, injection sites, injection
techniques, response, and duration of response do not appear to differ.
Onabotulinumtoxin A and abobotulinumtoxin A have been studied more exten-
sively in skin of color patients and were found to have a similar side effect profile as
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with their use in Caucasian patients [44, 52, 53]. One study comparing the use of
abobotulinumtoxin A in skin of color patients suggested a greater response rate at
30 days compared to lighter skinned counterparts being studied [52], but again
larger studies would be needed to confirm this report. Incobotulinumtoxin A and
rimabotulinumtoxin B have not been studied as extensively in skin of color,
although one study out of South Korea with 22 patients found no increased adverse
events with the use of rimabotulinumtoxin B as compared to onabotulinumtoxin A
[54]. No difference would be expected based on clinical practice experience to date
and on scientific and biologic theory.

Chemical Peels

Chemical peels are frequently used to treat photodamage and textural concerns. In
light skin types, chemical peels are more often used to treat skin changes associated
with photoaging; however, in darker skin types they are most often employed for
dyschromias including PIH and melasma [55]. Chemical peels are broadly classi-
fied by the depth to which they penetrate. Superficial peels are often well tolerated
in all skin types, and medium peels can also be used in skin of color with caution.
Deep peels, however, should typically be avoided due to the high risk of side effects
in skin of color [56].

In order to reduce the risk of PIH, pre-peel priming with hydroquinone and
photoprotection may be beneficial. Post-peel instructions include emollients, sun
protection, and sometimes restarting hydroquinone one week after the peel.
Corticosteroids can also be used to reduce inflammation when there is significant
erythema to reduce the risk of PIH [56].

Lasers

Lasers use light of a particular wavelength to target certain chromophores in the
skin, including melanin, hemoglobin, and water. With the goal of selectively
heating a target chromophore, the energy is absorbed by the chromophore(s) and
then dispersed as heat. This allows for the controlled destruction of different types
of tissue depending on which chromophore is abundant.

The melanin content within skin of color patients necessitates an appropriate
knowledge of the proper selection and use of lasers in these individuals in order to
provide safe and effective treatment. Many early-generation lasers were con-
traindicated in darker skin types or when used, caused adverse effects such as
dyspigmentation and scarring. However, advances in technology within the last
decade have provided more options for the use of lasers with relative safety in all
skin colors, though this still depends very much on the laser type, settings, and
technique.
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The use of ablative resurfacing lasers, such as the carbon dioxide and
erbium-doped yttrium aluminum garnet (Er:YAG), have been used for full face skin
resurfacing in light-skinned patients for years. Due to the fact that by definition
these lasers destroy the epidermis, these are most often either not used in skin of
color or used with extreme caution by experienced operators because of the risk of
PIH and scarring.

Nonablative lasers have provided a safer alternative though with milder effect for
resurfacing in skin of color. These lasers reach the dermis while sparing the epi-
dermis. This allows for tissue remodeling while reducing the side effect profile and
time needed to heal.

Nonablative lasers are frequently employed to treat changes such as rough skin
texture, fine and moderate rhytides, and aging-independent conditions such as scars.

Quality-Switched Lasers

Quality- or Q-switched (QS) lasers emit maximum energy output in nanosecond
(ns) pulses. Due to the fact that their pulse time is significantly shorter than the
thermal relaxation time of melanosomes, they provide a means to treat pigmented
lesions and dyschromia. Frequently employed QS systems include the QS ruby
(694 nm), alexandrite (755 nm), and Nd:YAG (1064 nm). The Nd:YAG laser can
be used for all skin types and is safer in skin of color, while the alexandrite is best
suited for lighter skin types including some lighter skin of color patients if the Nd:
YAG is not available. The ruby should be reserved for white skin as the risk of
dyspigmentation is very high.

Intense Pulsed Light

Intense Pulsed Light (IPL), which emits a broad band of visible light (400–
1,200 nm), has been used for the treatment of dyschromia and pigmented lesions in
a variety of lighter skin colors, including East Asian populations [57]. IPL carries a
relatively high risk of PIH in the experience of many, and it should ideally not be
used in patients with more than minimal skin pigmentation since safer alternatives
are available.

Side Effects and Treatment Considerations

Despite the fact that the above modalities have been found to be well tolerated in
skin of color patients, it is important to counsel patients on potential risks such as
scarring and pigmentary changes, which can be temporary or permanent.
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In order to minimize these risks, it is important for the clinician to take extra
precautions when treating skin of color patients. Appropriate training, selection of
treatment, and technique is paramount. The use of lower fluences and treatment
densities should be considered. Properly chosen test spots also help the clinician
determine how a patient will react to a given laser and settings. Counseling patients
on vigilant sun protection is important. Use of hydroquinone 2 or 4% 2–4 weeks
before and after each treatment is optional but may help reduce risks of dyspig-
mentation in some cases. The use of epidermal cooling devices and ice packs
posttreatment are often beneficial. Finally, corticosteroids may be used to reduce
inflammation on an as needed or individual basis.

Conclusion

Individuals with skin of color encompass a tremendously diverse group comprising
billions of individuals in our global population. The differences seen in individuals
with skin of color bring both benefits and some challenges. Ultimately, each patient
must be evaluated on an individual basis to determine their personal cosmetic and
aging-related goals, and to provide recommendations for safe and effective treat-
ment while offering honest recommendations regarding risks and how they can be
mitigated or avoided. Aging affects all humans, and indeed all beings, regardless of
color. With continued study and efforts, we will continue to improve our under-
standing of the aging process and improve treatment options, with the ultimate goal
of improving health and well-being.
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Chapter 22
Common Cosmetic Concerns
and Approaches

Shalini B. Reddy, Pedro Zancanaro and Neelam A. Vashi

As cosmetic treatments have become more widely accessible, there is an increased
demand among all patients, including patients with skin of color. While cosmetic
treatments are relatively similar among all races and ethnicities, there are subtle
nuances to treating patients with ethnic skin. Treatment can be challenging because
these patients often are more vulnerable to side effects of common dermatologic
procedures, including hyperpigmentation and scarring. It is also important to
understand that ethnic populations may seek cosmetic treatments for different
reasons as standards of beauty may differ by cultural background. This chapter will
provide an overview of the common cosmetic concerns of individuals with skin of
color, including treatment of hyperpigmentation, dermatosis papulosa nigra (DPN),
unwanted hair, photoaging, varicosities, acne scars, and striae.
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Hyperpigmentation

Hyperpigmentation is one of the most common concerns among women with skin
of color [1]. In a survey-based study looking at cosmetic concerns in women with
skin of color including African Americans, Hispanics, and Asians, 86% of women
endorsed hyperpigmentation or dark spots and 80% reported blotchy or uneven skin
as cosmetic concerns. Dyspigmentation can be a result of post-inflammatory
hyperpigmentation (PIH) or melasma among others causes [2]. Treatment includes
photoprotection, topical therapies including hydroquinone, topical retinoids, azelaic
acid, triple combination therapy, and other modalities such as chemical peels,
microdermabrasion, and laser treatments. A detailed review of treatment options for
hyperpigmentation is discussed in a separate chapter.

Periorbital Hyperpigmentation

Periorbital hyperpigmentation (POH), also known as periorbital melanosis, peri-
orbital circles, dark circles, dark eye circles, under eye circles, periocular pig-
mentation, periocular melanosis, and idiopathic cutaneous hyperchromia of the
orbital region, is a commonly reported cosmetic concern that is more prevalent
among women, particularly in those with skin of color [3–5]. Patients seek treat-
ment due to complaints of lesions making them appear sad, tired, stressed, or older
than their reported age [6]. The etiology of POH is thought to be multifactorial and
can include genetics, hormones, photoaging, an underlying systemic disorder,
allergic contact dermatitis, nutritional deficiency, and sleep disturbance [7].

Although POH is often refractory to treatment, numerous treatment modalities
have been tried with variable success, including hydroquinone and
non-hydroquinone skin bleaching and brightening agents, topical retinoids, ascorbic
acid, botanicals, microdermabrasion, chemical peels, lasers, radiofrequency,
injectable fillers, surgery, and fat transfer [7, 8]. In addition, adequate sleep,
hydration, and sun protection are advised to prevent progression of POH [9].

While chemical peels have been effectively used to treat a variety of facial
pigmentary disorders, there is little published data specifically regarding treatment
of POH. One study looked at the effectiveness of trichloroacetic acid 3.75% and
lactic acid 15% chemical peels for the treatment of POH in 30 patients with skin
types II–IV. Peels were performed in a staged approach every week for a series of 4
weeks. Almost all patients showed significant improvement for at least 4–6 months
based on patient’s and physician’s global assessment scores and photodocumen-
tation. Some patients experienced temporary side effects including erythema,
edema, frosting, dryness, and telangiectasia [10].

Nonablative fractionated 1550 nm erbium-doped fiber laser and combination
therapy with topical hydroquinone, tretinoin and Q-switched ruby laser (694 nm)
have been reported as effective treatments for POH [7, 11, 12]. In addition,
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injectable hyaluronic acid fillers have been shown to improve tear trough defor-
mities, which may be an important contributing factor in some cases of POH [7].
Roh et al. reported 78% improvement of POH in ten patients who underwent
autologous fat transplantation [13]. Blepharoplasty is a surgical procedure that aims
to restore natural eye anatomy by removing excess periocular skin and fat. As a
result, it is thought to decrease the shadow effect caused by excess skin thereby
decreasing the appearance of POH.

Cosmetic camouflaging agents are a useful adjunctive treatment as treatment of
POH is often prolonged and sometimes ineffective [7]. Thick cream concealers that
match the skin color, such as Dermablend® or CoverFx®, may be applied to help
mask the appearance of POH. Patients with an erythematous or violaceous com-
ponent to their POH may benefit from a green concealer, such as Physicians
Formula Gentle Cover Concealer Stick®, as it neutralizes these hues and can help
cover patients’ underlying POH [7].

Dermatosis Papulosa Nigra

Dermatosis papulosa nigra (DPN) are benign epithelioid tumors that are more
common in patients with skin of color, particularly African Americans. DPN are
thought to be a variant of seborrheic keratoses and are characterized by small
hyperpigmented papules that are often grouped on the forehead, malar cheeks,
around the eyelids, neck, or chest. The etiology is unknown; however, there appears
to be a strong genetic predisposition with more than 50% of patients reporting a
family history of DPN [14–16]. Patients often request removal of DPN for cosmetic
purposes. Treatment options include snip excision with scissors, electrodessication,
curettage, cryotherapy, laser ablation, and microdermabrasion [14–20]. The pre-
ferred treatments in skin of color are snip excision and electrodessication on its
lowest setting to minimize the potential side effects of scarring and dyspigmenta-
tion. Cryotherapy and laser ablation should generally be avoided due to the sig-
nificant risk of pigmentary changes in skin of color [21]. However, in a randomized
split-face study, potassium-titanyl-phosphate (KTP) laser was found to be equally
as effective as electrodessication in treating DPN in patients with skin types IV–VI.
In addition, KTP was found to be less painful for patients, but given its limited
availability and cost, snip excision, and electrodessication are still the more com-
monly used treatments [22].

Unwanted Hair

The removal of unwanted hair is a common practice in many cultures across the
world and has been performed since ancient times. Treatment has evolved from
temporary methods of removal to procedures that provide more permanent hair
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reduction. Temporary treatments include shaving, chemical depilatories, waxing,
tweezing, threading, and “sugaring” [23]. Treatments aimed at permanent hair
reduction include electrolysis and laser hair removal.

Though electrolysis has been available for many years, it is a difficult procedure
particularly in those with curlier hair and darker skin phototypes (IV–VI) as they are
susceptible to a higher risk of scarring, dyspigmentation, and exacerbation of
inflammation [23]. Before the introduction of longer wavelengths and longer pulse
durations, laser hair removal was recommended only for patients with phototypes
I–III with dark terminal hairs. Now, laser hair removal is recognized as a safe and
effective method of permanent hair reduction in all patients.

Laser hair removal is based on the principal of selective photothermolysis that
specifically targets the pigmented chromophore, melanin, within the hair matrix
[24]. In darker-skinned patients, there is an increased risk of damaging epidermal
melanin as energy can be absorbed by the heavily pigmented basal layer [25]. At
specific wavelengths near the red to near-infrared range (600–1100 nm), the
absorbed energy is effectively converted to thermal energy in the hair follicle. The
long-pulsed neodymium-doped yttrium aluminum garnet (Nd:YAG) 1064 nm laser
is considered the safest in treating patients with phototypes IV–VI [23, 25]. By
using a longer wavelength, such as 1064 nm, the tissue destruction is limited to
deeper structures, such as the hair follicle, with limited absorption by epidermal
melanin [25]. As a result, the Nd:YAG laser poses less risk of burns or dyspig-
mentation in darker-skinned patients [23, 25]. The 810-nm diode laser can also be
used in patients with skin of color, but long pulse durations and aggressive cooling
are recommended to minimize side effects such as transient blistering and dys-
pigmentation [26].

Overall, longer wavelengths, conservative fluences, longer pulse durations, and
appropriate cooling methods with laser treatments are recommended in patients
with skin of color to maximize efficacy and minimize unwanted epidermal damage
[23, 25]. The most common side effects of laser treatment include pain, transient
erythema, perifollicular edema, and hypo- or hyperpigmentation [27]. Rare, more
severe, side effects include thermal burns, blisters, and permanent scarring. These
side effects can be limited by ensuring use of the right laser, limiting fluences, using
post-treatment cooling, and ensuring there is no residue left on the face (e.g.,
makeup) prior to treatment, which can act as a competing chromophore [27].

One rare side effect of laser hair removal is paradoxical hypertrichosis at pre-
viously treated areas, which is seen in 0.6–10% of patients [28, 29]. Although the
exact etiology is still unclear, studies have shown that several factors may con-
tribute to this adverse effect including: thick hair, dark hair color, presence of
underlying untreated hormonal conditions (e.g., polycystic ovarian syndrome), use
of hormone supplements or medications, presence of post-treatment side effects,
suboptimal treatment fluences (which can trigger follicles to convert from telogen
phase to anagen phase), laser use on the face or neck, female sex, and darker skin
types (III–VI) [30]. It has been reported to be more common in those of
Mediterranean descent [31] and, in the experience of the senior author, also in
South East Asians. Treatment largely consists of repeated laser hair removal with
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optimal fluences and using cold packs post-treatment to prevent low energies from
stimulating peripheral follicles [30].

Of note, topical eflornithine hydrochloride 13.9% cream, which is an irreversible
inhibitor of ornithine decarboxylase, has been shown to be safe and effective in
slowing hair growth. A randomized control trial that compared the efficacy of laser
hair removal alone to combination therapy with laser hair removal and topical
eflornithine hydrochloride 13.9% cream showed that combination therapy resulted
in more rapid hair removal, but at 34 weeks, no significant differences were seen
between the two treatment groups [32, 33].

Photoaging

Although photoaging is often more prominent and manifests earlier in lighter skin
compared to darker skin phototypes, signs of photoaging, including dynamic and
static rhytids, skin sagging, volume loss and telangiectasias, can still be seen in skin
of color [34]. For this reason, the number of cosmetic procedures using botulinum
toxin type A, soft tissue augmentation, and lasers has increased in darker racial and
ethnic groups. For a detailed review of treatment options for photoaging, refer to the
chapter on aging in skin of color.

Varicosities

Varicose veins are enlarged, tortuous, superficial veins of the legs. Varicose dilation
is caused by poorly functioning (incompetent) valves and decreased vein wall
elasticity that results in pooling of blood within the veins [35]. The prevalence of
varicose veins in the Western population is estimated to be between 25–30% in
women and 10–20% in men and as a result, is a common cosmetic complaint [35].
Treatment of varicosities includes compression stockings, superficial vein ligation,
phlebectomy, surgical stripping, endothermal radiofrequency ablation, laser ther-
apy, and sclerotherapy [36, 37]. Surgical treatment methods are more commonly
used to treat larger or deeper varicosities. Sclerotherapy is the primary treatment for
small varicosities including venules, reticular veins, and telangiectasias [38]. It
involves the injection of a liquid or foam chemical into a vein causing damage to
the endothelium, vessel occlusion, and production of a fibrous chord [38–40].
Sclerotherapy is not only thought to improve the cosmetic appearance of vari-
cosities and telangiectasias, but it has also been shown to relieve associated leg pain
and discomfort [41]. Sclerosing agents can be classified into detergents, chemical
irritants, and osmotic agents. Detergents destroy the vein wall through protein
denaturation and they include: polidocanol, sodium tetradecyl sulfate, sodium
morrhuate, and ethanolamine oleate. Chemical irritants cause destruction of the vein
wall through direct toxicity to the endothelium and include: polyiodinated iodine,
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chromated glycerin, alcoholic solution of zein, OK 432, and bleomycin. Osmotic
agents draw water out of the endothelial cells and cause dehydration and denatu-
ration of the endothelium. Osmotic agents include hypertonic sodium chloride
solution and sodium chloride solution with dextrose [37, 40]. Polidocanol, chro-
mated glycerin, and sodium tetradecyl sulfate are the most commonly used scle-
rosants because of their safety and efficacy profiles [39]. Chromated glycerin, a
popular treatment in Europe that has not been approved by the Food and Drug
Administration (FDA) in the United States, has been reported to have lower rates of
post-therapy hyperpigmentation, bruising and swelling, when compared to sodium
tetradecyl sulfate [42]. Although used heavily in the past, hypertonic saline is a less
favored treatment given the side effects of pain, burning, and risk of necrosis with
extravasation [39]. There is limited data regarding the safety and efficacy of scle-
rotherapy in patients with skin of color. In a randomized control trial looking at the
treatment of varicose veins with polidocanol versus placebo, Zhang et al. showed
that polidocanol 0.5, 1, and 3% solution was safe and effective in Chinese patients
[43]. The most common side effects of sclerotherapy are hyperpigmentation and
telangiectatic matting. Hyperpigmentation can be transient or permanent and is a
result of increased melanin and dermal hemosiderin deposition. Transient hyper-
pigmentation most commonly presents 6–8 weeks post-therapy and persists for
several months. The incidence of transient hyperpigmentation ranges from 10 to
30%. Spontaneous resolution occurs in 70% of patients in 6 months and 99% of
patients in 1 year. Permanent hyperpigmentation affects 1–2% of patients [40].
Telangiectatic matting occurs in approximately 15–20% of patients and usually
resolves between 3 and 12 months after treatment.

Long-pulsed Nd:YAG 1064 nm lasers have been shown to be successful in
treating telangiectasias on the leg. When used at high fluences, the 1064 nm
wavelength is selectively absorbed by hemoglobin/deoxyhemoglobin within leg
telangiectasias. The most common side effect of treatment is transient PIH. In a
head-to-head pilot study, Levy et al. demonstrated no statistical significance in
efficacy and safety between long-pulsed Nd:YAG laser alone, sclerotherapy alone,
and combination therapy in the treatment of 0.5–2 mm leg telangiectasias [44].

Acne Scars

Acne scarring, a common sequela of acne vulgaris, can present with macular,
atrophic, or hypertrophic scars. There are three main categories of atrophic scars:
rolling, boxcar, and ice pick scars [45]. Treatment options include chemical peels,
microdermabrasion, microneedling, photodynamic therapy, laser therapy, silicone
gel dressings, subcision, excision, radiofrequency, fillers, fat transplantation, and
combination therapy [45, 46]. When deciding which treatment to use, it is important
to first determine the type, size, and severity of the scar.

While chemical peels are commonly used for treatment of PIH, they are not as
frequently used for treatment of atrophic scars given low rates of efficacy and high
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rates hyperpigmentation and scarring. However, the CROSS (chemical recon-
struction of skin scars) technique, which uses high concentrations of trichloracetic
acid, has been reported to be highly effective in treatment of ice pick scars [47, 48].
In a case series, Khunger et al. treated ice pick scars in thirty patients with skin
types IV and V via the CROSS technique with 100% trichloracetic acid. Patients
were primed with hydroquinone 4% cream and tretinoin 0.025% cream and sub-
sequently treated with four sessions of the CROSS technique at 2 week intervals.
Over 90% of patients had significant improvement of their acne scars. Two patients
experienced transient hyperpigmentation, and one patient had transient hypopig-
mentation, but overall the treatment was well tolerated without any prolonged
adverse effects, such as dyspigmentation or scarring [49].

Microneedling treats acne scars through stimulation of collagen and elastin
production. Several studies have looked at the safety and efficacy of microneedling
in patients with skin types III–VI and have found that there is minimal risk of
dyspigmentation [50].

Ablative and nonablative lasers are commonly used in the treatment of acne
scarring. Ablative lasers are generally more effective than nonablative lasers in the
treatment of atrophic scars, however, as a result of epidermal destruction, there is a
much higher risk of adverse effects including PIH, hypopigmentation, prolonged
erythema and scarring so, overall, are not advised [45, 51]. Compared to traditional
ablative lasers, fractional non-ablative laser resurfacing has been associated with a
lower risk of PIH in patients with skin types IV–VI when conservative parameters
are used. The 1450 nm diode laser has been shown to be effective for the treatment
of atrophic acne scars in Asians with skin types IV and V, but post-therapy,
transient hyperpigmentation has been reported [51]. Preliminary data on the treat-
ment of atrophic scars in skin types IV–VI with the 1064 nm Nd:YAG laser shows
significant improvement of skin texture, scarring, and PIH [52].

Silicone gel dressings are topical sheets that can be applied daily to hypertrophic
scars. They inhibit fibroblast production of collagen and have been reported to
decrease hypertrophic scar size in 60–80% of patients. Side effects are minimal and
include local skin maceration and pruritus. Given that acne scars are common in
highly visible locations such as the face, compliance may be a problem [53].

Subcision involves the use of a small needle that is inserted into the base of a
scar to release fibrotic strands that contribute to the depressed, atrophic appearance
of the scar. Subcision has a reported success rate of 50–60% in the treatment of
rolling scars. Few patients develop a nodule at the site of treatment, which can be
treated with intralesional corticosteroids.

Soft tissue augmentation with hyaluronic acid, calcium hydroxylapatite,
poly-L-lactic acid, silicone, polymethylmethacrylate, and autologous fat are effec-
tive treatments in the treatment of atrophic acne scars. Hyaluronic acid has been
reported to be effective in treating rolling scars but given its temporary results,
patients often require repeated treatments [45].
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Striae Distensae

Striae distensae (SD) or stretch marks are a common dermatologic condition that is
characterized by epidermal and dermal skin thinning or atrophy. SD initially present
as raised, erythematous plaques (striae rubra) that then progress to linear, white,
atrophic scars over time (striae alba). There are many physiologic and pathologic
conditions associated with SD including adolescent growth spurts, pregnancy,
obesity, Cushing’s syndrome, Marfan’s syndrome, and long-term systemic or
topical corticosteroid use. Mechanical stress, hormones, and genetics are thought to
play a role in the development of SD [54]. Although SD are a common aesthetic
complaint across all racial and ethnic populations, they have been reported to be
more severe in African American women compared to Caucasian women [55]. To
date, there is no consistently effective treatment modality for SD. Generally, striae
rubra are more responsive to therapy than striae alba. Numerous treatments have
been tried with variable results, including topical retinoids, microdermabrasion,
chemical peels, radiofrequency, microneedling, platelet rich plasma, intense pulse
light, and ablative and non-ablative lasers [56].

Topical 0.1% tretinoin cream daily for 6 months has been shown to decrease the
length and width of SR [57]. In the first 2 months of treatment, some patients
experienced erythema and scaling. In a prospective, randomized, open-label study
comparing topical 0.05% tretinoin cream and microdermabrasion, both treatments
were shown to be effective without any statistically significant difference between
the two groups [58]. In a double blind, randomized control trial of 40 women with
SD, 70% topical glycolic acid applied weekly for 6 months resulted in a significant
decrease in furrow width and erythema in striae rubra, and it similarly resulted in a
significant decrease in furrow width and an increase in melanin in striae alba,
compared to placebo [59].

Microdermabrasion, intense pulse light, and radiofrequency have been shown to
be effective in treating SD by increasing type 1 collagen [60, 61]. Several ablative
and nonablative lasers have been shown to be effective in treating SD including the
pulsed-dye laser (for striae rubra), 308 nm excimer laser (for striae alba), 1064 nm
Nd:YAG laser, short-pulsed 10,600 nm CO2 laser, and fractional CO2 laser [54, 61,
62]. The long-pulsed Nd:YAG laser demonstrates a low risk of hyperpigmentation
(2.2%), while the ablative, short-pulsed, 10,600 nm CO2 laser presents the greatest
risk of hyperpigmentation, particularly in darker skin types [56, 61].

Prominent Mandible

As a result of racial differences in facial architecture and differing cultural standards
of beauty, certain ethnic populations are more likely to present with specific cos-
metic concerns. For example, Asian women often seek treatment for prominent
mandibular angles and hypertrophic masseter muscles [63, 64]. Compared to
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Caucasian women, Asian women have an increased mandibular width that results in
an angular facial shape [64]. Neurotoxin injection with botulinum toxin type A can
be used to relax the masseter and soften the mandibular angle leading to a softer
ovoid facial shape that is more culturally desired [63, 64].

Conclusion

With a growing worldwide ethnic population and an increased desire for and
availability of cosmetic therapy, it is becoming ever more important to understand
the cosmetic concerns of patients with skin of color. Treatment plans for patients
should be individualized to their cosmetic goals and expectations. It is important to
note that side effects may differ by skin type and should be considered in selection
of therapy.
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Chapter 23
Treatment Strategies
for Hyperpigmentation

Judy Cheng and Neelam A. Vashi

Dyschromia is an increasingly common disorder, especially among darker skinned
ethnic groups [1]. Despite the arsenal of treatment options available for pigmentary
disorders, treating hyperpigmentation remains a clinical challenge. There are no
standardized protocols and few randomized controlled trials studying the efficacy
and safety of treatments. In addition, although skin of color patients are at greatest
risk for developing undesired treatment-related dyspigmentation, there exists no
algorithm to predict which particular patient is more prone to side effects. Given the
refractory nature of disease and the evolving population from increases in migra-
tion, hyperchromic complaints are likely to rise. Providing a treatment framework
for hyperpigmentation would, therefore, be beneficial [2].

Evaluation of Hyperpigmentation

Ruling out an underlying cause for hyperpigmentation is vital when first evaluating
a patient with dyschromia. Diffuse hyperpigmentation suggests a metabolic
(i.e., Addison’s disease), malignant, medication-related, or infectious etiology [3].
For medication-related hyperpigmentation (i.e., minocycline, amiodarone, oral
contraceptives), the offending agent should be discontinued first and time permitted
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for natural pigmentation to return. For metabolic disorders, appropriate supplemen-
tation to correct the deficiency should be provided (i.e., vitamin B12, folic acid,
levothyroxine) [3].

Localized disease suggests other etiologies, including post-inflammatory
hyperpigmentation (PIH) or melasma, which are two of the most common causes
of hyperpigmentation [3]. For PIH, underlying dermatoses, such as acne, should be
treated first before pursuing post-inflammatory pigmentation therapeutics. Melasma
is typically categorized into types depending on the pigmentation deposition:
(i) epidermal—brown colored with basal or suprabasal pigment, (ii) dermal—
blue-gray color with upper and deep dermal pigment, (iii) mixed—brown-gray
color with epidermal and dermal pigment, and (iv) inapparent or indeterminate,
which is seen more in darker skin types. Distinguishing pigment location is
important as it informs likelihood of response to topical treatment, with dermal type
being less likely to respond [4]. Under Wood’s lamp, only the epidermal compo-
nent intensifies, which can be useful in determining disease extent, although the
utility of this is controversial as all subtypes will show some amount of increased
pigment deposition in both dermal and epidermal layers of the skin [5].

Treatment of these most common acquired causes of hyperpigmentation is based
on two key principles: photoprotection and the use of agents that both disrupt
melanogenesis and remove melanin. Topical lightening agents, chemical peels, oral
agents, microdermabrasion, microneedling, and laser therapy are all potential
treatment modalities.

Topical Therapies

The induction of melanin production and, therefore, pigmentation has been
demonstrated with ultraviolent (UV) in the UVA (290–320 nm), UVB (320–
340 nm), and visible light (400–760 nm) spectrums. Sun-protective strategies,
therefore, are crucial in the treatment and prevention regimen for hyperpigmentation
disorders. The American Academy of Dermatology (AAD) recommends sunscreens
with a sun protection factor (SPF) of 30 or higher, that offer broad-spectrum cov-
erage, and are water resistant for 40 or 80 min [6]. In addition, patients should
practice sun-protective behavior including seeking shade whenever possible,
wearing sun-protective clothing (wide-brimmed hats, sunglasses with UV protec-
tion), avoiding indoor tanning beds, applying sunscreen 15–30 min before going
outdoors, and reapplying every 2 hours [7]. Darker skinned ethnic groups may
furthermore benefit from vitamin D supplementation as their higher melanin content
inherently predisposes them to vitamin D deficiency [7, 8].

Most individuals apply sunscreen at a quarter to a half of the FDA-mandated
amount of 2 mg/cm2 used in SPF testing [6, 9]. SPF, a measure of UVB, is the ratio of
the minimal erythema dose in sunscreen-protected skin over the minimal erythema
dose in non-sunscreen-protected skin [10]. Consequently, to achieve a 10–15-fold
protection, a sunscreen with SPF 30–50 should be applied [11].
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Sunscreens can be categorized into two types based on mechanism of action—
physical (inorganic) versus chemical (organic). Chemical sunscreens absorb light
and convert it to heat energy, while physical sunscreens (i.e., titanium dioxide, zinc
oxide) reflect or scatter light [10]. Micronized forms of metal oxides, though often
classified as physical sunscreens, actually act as chemical sunscreens by absorbing
UV radiation and emitting it as longer-wave heat radiation [12]. Unfortunately,
physical blockers are often less cosmetically acceptable, especially among darker
skin types due to the white sheen they leave on the skin. Consequently, new
physical blockers (i.e., iron oxide) have been developed that better simulate natural
skin tones and can now be obtained as tinted products in different shades. Iron
oxide also has the ability to block against visible light, which has been shown to be
etiologic in melasma [13–15]. There are currently 17 FDA-approved active sun-
screen ingredients (Table 23.1) [6, 10].

Aside from sunscreen, first-line treatment for hyperpigmentation disorders
consists of topical lightening agents [16]. There are currently only a handful of
prescription agents (i.e., hydroquinone (HQ), retinoids, and azelaic acid) in com-
parison to a plethora of over-the-counter lightening formulations (i.e., kojic acid,
licorice extract, arbutin, ascorbic acid, soy, niacinamide, and N-acetyl glucosamine)
(Table 23.2). The most commonly used agents are HQ, triple combination cream,
azelaic acid, retinoids, and kojic acid. All other agents have demonstrated limited
efficacy in clinical investigations but are used in practice with varying response.

Table 23.1 FDA-approved sunscreen ingredients (as of December 7, 2009)

UV spectrum coverage Ingredient

UVA1 (340–380 nm) Chemical Physical
Avobenzone Zinc oxide

Ecamsule (terephthalydene dicamphor sulfonic
acid)

UVA2 (320–340 nm) Chemical Physical
Oxybenzone Titanium dioxide

Sulisobenzone

Dioxybenzone

Meradimate (menthyl anthranilate)

UVB (290–320 nm) Chemical Physical
PABA Zinc oxide

Padimate O Titanium dioxide

Octinoxate (octyl methoxycinnamates)

Cinoxate

Octisalate (octyl salicylate)

Homosalate

Trolamine salicylate

Octylocrylene

Ensulizole (phenylbenzimidazole sulfonic acid)

From Wang and Lim [6]

23 Treatment Strategies for Hyperpigmentation 419



Table 23.2 Strengths and weaknesses of various topical hypopigmenting agents

Drug Mechanism Strengths Weaknesses

Hydroquinone • Inhibits tyrosinase [17]
• Inhibits formation of
melanosomes [18]

• Promotes degradation
of melanocytes [18]

• Promotes necrosis of
melanocytes [18]

• Long study record
[19]

• Exogenous
ochronosis [20]

• Confetti
leukoderma [21]

Retinoids
Tretinoin
Adapalene/tazarotene

• Inhibits tyrosinase [22]
• Enhances
epidermopoiesis [22]

• Can simultaneously
treat comedonal acne
[23]

• Greater specificity
for retinoic acid
receptor compared to
tretinoin [23]

• Possibly fewer side
effects compared to
tretinoin [24]

• Retinoid dermatitis
[25]

• Requires long
treatment period
[26]

• More expensive
than tretinoin [27]

Triple topical therapy
(hydroquinone, retinoid,
corticosteroid)

• Inhibits tyrosinase [17]
• Inhibits formation of
melanosomes [18]

• Promotes degradation
of melanocytes [18]

• Promotes necrosis of
melanocytes [18]

• Enhances
epidermopoiesis [22]

• Safe and effective in
dark-skinned ethnic
groups [28, 29]

•More efficacious than
constituent agents
alone [30]

• Skin atrophy [31]
• Telangiectasia [31]

Azelaic acid • Inhibits tyrosinase
activity [32]

• Interferes with DNA
synthesis [32]

• Cytotoxic effect
specific to
abnormally
hyperactive
melanocytes [33]

• Pruritus [19]
• Transient
erythema [19]

• Scaling [19]

Mequinol • Inhibits tyrosinase [33] • Less irritating than
hydroquinone [34]

• Limited studies in
post-inflammatory
hyperpigmentation

Kojic acid • Inhibits tyrosine kinase
by chelating copper
[35]

• Pharmaceutically
stable [36]

• More irritating
compared to other
topical agents [36]

• High frequency of
contact sensitivity
[37]

Licorice • Inhibits tyrosinase [38]
• Disperses melanin [39]
• Removes epidermal
melanin [39]

• Minimal side effects
[40]

• Few studies

(continued)
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Hydroquinone

HQ is one of the most popular agents given its efficacy. HQ blocks conversion of
dihydroxyphenylalanine (DOPA) to melanin by inhibiting tyrosinase [17]. It also
inhibits the formation of and promotes degradation of melanosomes, along with
causing melanocyte necrosis [18]. HQ efficacy is proportional to its concentration,
with lower concentrations having slower onset to action [52]. While over-the-
counter preparations contain a maximum 2–3% concentration, depending on the
formulation, higher concentrations can be obtained through prescription. HQ is
efficacious when used as monotherapy or when used in conjunction with other
topical agents [53, 54]. In a randomized, double-blind trial of 4% HQ and sunscreen
versus sunscreen for 12 weeks (n = 45), Ennes et al. [53] demonstrated a signifi-
cantly greater clearance rate of melasma among patients who used HQ compared to
sunscreen alone (38% vs. 8%).

Table 23.2 (continued)

Drug Mechanism Strengths Weaknesses

Arbutin • Inhibits tyrosinase [41] • Efficacious in
light-skinned
patients [41]

• May cause
paradoxical
hyperpigmentation
[42]

• Limited studies in
darker Fitzpatrick
skin types

Ascorbic acid • Reduces oxidized
dopaquinone [43]

• Suppresses activation
of NF-kb and TNF-a
[44]

• Protects against
phototoxic injury [45]

• 5% formulation has
fewer side effects
than 4%
hydroquinone [46]

• Limited studies for
PIH

Soy • Blocks transfer of
melanosomes to
keratinocytes [47]

• Well-tolerated [48]
• Efficacious in
combination with
other topicals [49]

• Few monotherapy
studies

Niacinamide • Decreases melanosome
transfer to
keratinocytes [50]

• Interferes in
cell-signaling pathway
to decrease
melanogenesis [50]

• Unaffected by light,
moisture, acids,
alkalis, oxidizers
[43]

• Limited studies in
darker skinned
populations

• Limited studies in
post-inflammatory
hyperpigmentation

N-acetyl glucosamine • Inhibits tyrosinase
glycosylation [51]

• Well-tolerated [51] • Few studies
among
dark-skinned
ethnic groups
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The most common acute side effect of HQ is irritant contact dermatitis, with up
to 25% of users developing a pruritic eruption as evidenced by a single randomized
study [21]. Other side effects include allergic contact dermatitis, PIH, and
post-inflammatory hypopigmentation of surrounding skin—the “halo effect” [4,
21]. Fitzpatrick skin types (FST) V and VI are also more vulnerable to side effects
including “confetti leukoderma,” which refers to areas of focal depigmentation [21].
Long-term, rare side effects include ochronosis, nail discoloration, conjunctival
melanosis, and corneal degeneration.

Exogenous ochronosis typically occurs in black patients and is secondary to the
accumulation of homogentistic acid in the dermis. It presents as asymptomatic
patches over bony prominences (i.e., face, neck, extensor surfaces) and sun-exposed
sites coinciding with the application of topical lightening agents [20]. While it is
more prevalent in Africa, where HQ is frequently combined with resorcinol or
compounded in a hydroalcoholic lotion [20], many cases have been reported in the
U.S., most often from patients using adulterated compounds from non-U.S. coun-
tries [55]. It is typically associated with the use of higher percentages of HQ;
however, it has been reported with 2% formulations [56]. Clinicians should be
prepared to recognize ochronosis as adulterated, and above FDA-recommended
concentrations of hydroquinone are illicitly sold in ethnic stores and through
websites [43, 55, 57]. Finally, although animal studies have shown an increased risk
of cancer with the administration of high doses of oral HQ, there have been no
human reports to date that show an increased risk of skin cancer or internal
malignancies from topical application of HQ [33, 43, 58, 59].

Retinoids

Through the stimulation of keratinocyte turnover and reduction of melanosome
transfer, retinoids (i.e., retinoic acid, tretinoin, adapalene, tazarotene) promote the
loss of melanin [22]. Tretinoin (0.01–0.1%) has been shown to inhibit tyrosinase
transcription and enhance epidermopoiesis, thereby decreasing contact time
between keratinocytes and melanocytes [19, 60]. In a randomized, double-blind,
vehicle-controlled study of African American patients with melasma (n = 28), 0.1%
tretinoin for 40 weeks resulted in a 32% improvement in the Melasma Area and
Severity Index (MASI) score compared to 10% in the placebo group [61].
Similarly, when used to treat PIH, 0.1% tretinoin cream applied daily for 40 weeks
resulted in a significant lightening of lesions (40% vs. 18%) compared to vehicle
cream [25]. However, 50% of patients developed retinoid dermatitis [25]. To
minimize this side effect, retinoids can be started at lower concentrations and
titrated up [62]. While tretinoin demonstrates good efficacy, it generally requires a
long 20–40 week treatment period for maximal benefit [26].

Adapalene (0.1–0.3%) and tazarotene (0.05–0.1%) are synthetic retinoids that
can be used to treat PIH and melasma as well [63, 64]. Compared to 0.05% tretinoin
cream, 0.1% adapalene gel demonstrated similar efficacy in treating melasma

422 J. Cheng and N.A. Vashi



among 30 Indian women. The adapalene gel was better tolerated as significantly
more patients in the tretinoin group experienced pruritus, burning, dryness, ery-
thema, and scaling compared to the adapalene group (63% vs. 8%) [24]. Tazarotene
0.1% cream similarly reduced severity and intensity of hyperpigmentation in a
randomized, double-blind, vehicle-controlled study among 74 acne patients of
darker skin types. Erythema, burning, and peeling occurred minimally in both
treatment groups [65]. Retinoids are able to increase the epidermal penetration of
other active ingredients and have, therefore, been found to be effective in combi-
nation products [29].

Combination Therapy

Hydroquinone is frequently combined with a retinoid, most commonly tretinoin,
and a corticosteroid for synergistic effects. In addition to increasing keratinocyte
proliferation, tretinoin increases pigment elimination by preventing oxidation of
hydroquinone and improves epidermal penetration by causing mild irritation.
Topical corticosteroids reduce irritation and inhibit melanin synthesis [4].
Combination therapy has been found to be more effective than any of its constituent
agents alone [30]. The original Kligman’s formula (5% hydroquinone, 0.1% treti-
noin, 0.1% dexamethasone) was found to be effective in treating hyperpigmentation
[19]. A subsequent formulation consisting of 4% hydroquinone, 0.05% tretinoin,
and 0.01% fluocinolone acetonide has been shown to be safe and effective in
dark-skinned ethnic groups. [28, 29] Two 8-week studies (n = 161, n = 1042)
demonstrated good safety and efficacy for facial melasma across a wide range of
FSTs with 75–77% of patients achieving “moderate or marked improvement,”
“almost clear,” or “clear” results by week 8 [29, 66]. Two longer studies, a
12-month extension of a previous 8-week trial [31] (n = 569) and a 12-month
multi-center study of patients with facial melasma (n = 228), demonstrated com-
plete or nearly complete clearance of 80 and 90% of cases, respectively [31, 67].
Between the 2 long-term studies, 2 cases of skin atrophy and 29 cases of telang-
iectasia occurred [31]. These studies indicate that fixed triple combination agents
are safe and effective [68].

Azelaic Acid

Azelaic acid is a dicarboxylic acid that inhibits tyrosinase activity and interferes
with DNA synthesis. It is naturally found in Malassezia furfur, the etiologic agent
for pityriasis versicolor [32]. Azelaic acid offers two advantages compared to other
agents. First, azelaic acid’s cytotoxic effect is specific to abnormally hyperactive
melanocytes, and so normally pigmented skin does not become depigmented.
Second, it has a good safety profile, with minimal side effects including pruritus,
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transient erythema, and scaling. [19, 52, 69, 70] However, a long treatment duration
is required and improvement is not noticeable for several months.

In a study among FST IV-VI (n = 52), 20% azelaic acid cream significantly
decreased the intensity of facial hyperpigmentation [71]. When compared to hydro-
quinone, results are mixed [72, 73]. A South American randomized, double-blind,
multicenter study ofmelasma patients (n = 243) treatedwith 4%hydroquinone cream
twice daily versus 20% azelaic acid cream twice daily yielded equivocal differences at
24 weeks [72]. In another randomized double-blind trial of melasma patients
(n = 155) with FST III-V, 20% azelaic acid was more efficacious at decreasing lesion
size and intensity compared to 2% hydroquinone at 24 weeks (73% vs. 19%) [73].

Mequinol

Mequinol (4-hydroxyanisole) is a derivative of hydroquinone and is postulated to
induce depigmentation by inhibiting tyrosinase [33]. Although it is not as effective
as hydroquinone, it is thought to be less irritating [34]. It is typically combined with
0.01% tretinoin, which can enhance penetration. Draelos et al. [74] demonstrated
that 2% mequinol combined with 0.01% tretinoin can effectively treat solar
lentigines in patients with FST II–V, with minimal adverse effects. However, few
studies among dark-skinned ethnic groups have been conducted, and studies on its
efficacy for PIH are still lacking.

Kojic Acid

Kojic acid, a fungal metabolite, inhibits tyrosine kinase by chelating copper [35]. It
is available in gel or cream formulation with concentrations ranging from 1 to 4%.
Kojic acid has marginal efficacy and can be irritating [30, 36]. It is typically used in
combination products with studies showing mixed results. When combined with
other lightening agents, 2% hydroquinone and 10% glycolic acid (GA), pigmen-
tation was not significantly reduced with the addition of kojic acid (n = 40) [75].
Similarly, in a split-face study where a 4% HQ/5% GA gel was compared to 2%
kojic acid/5% GA gel, there was no significant difference in pigmentation reduction
between the two treatment arms [36]. Furthermore, kojic acid is highly sensitizing
and is associated with a high frequency of contact sensitivity [37].

Licorice

Licorice extract contains glabridin, licochalcone A, and liquiritin, which exert
skin-lightening effects [38, 39]. In a study of 20 Egyptian women with melasma,
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topical liquiritin cream decreased pigment intensity and lesion size in 70 and 60%
of patients, respectively [40]. Side effects were minimal (i.e., mild irritation) and
resolved with continuation of treatment [40].

Arbutin

Arbutin is a plant-derived derivative of hydroquinone that causes depigmentation
by inhibiting tyrosinase activity and melanosome maturation. The more potent
synthetic derivative, deoxyarbutin, has been effective in treating solar lentigines
among light-skinned patients in a 3% formulation (n = 34) but not in dark-skinned
populations (n = 16) [41]. It should be used with caution as higher concentrations
may cause paradoxical hyperpigmentation [42].

Ascorbic Acid

Ascorbic acid exerts lightening effects through three mechanisms: reducing oxi-
dized dopaquinone (a substrate in the melanin synthesis pathway), suppressing
activation of NF-kb and TNF-a (anti-inflammation), and protecting against UVA-
and UVB-induced phototoxic injury (photoprotection) [44, 45]. As it is frequently
combined with other lightening agents, few studies have examined its efficacy as
monotherapy. In a small split-face study (n = 16) in a Latino population comparing
5% ascorbic acid cream versus 4% hydroquinone, there was no significant objective
difference in improvement between the two treatment arms. However, there were
fewer side effects among those treated with ascorbic acid. [46] When
magnesium-L-ascorbyl-2-phosphage (a derivative of ascorbic acid) was used to
treat chloasma or senile freckles in an Asian population, 56% of patients (n = 34)
experienced “effective” or “fairly effective” improvement [76].

Soy

Soy blocks the transfer of melanosomes to nearby keratinocytes by inhibiting
protease-activated receptor 2 (PAR-2) expressed on keratinocytes [47]. Few studies
have examined the effect of soy extract alone in improving hyperpigmentation.
However, in a 16-week study among FST III-V patients, soy combined with sali-
cylic acid and retinol significantly improved PIH compared to placebo [49]. Soy is
relatively well-tolerated, but more studies are needed to evaluate its efficacy among
dark-skinned ethnic groups [43, 48].
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Niacinamide

Niacinamide, the physiologically active form of niacin, decreases the transfer of
melanosomes to keratinocytes [50]. In a study among 18 Asians, 5% niacinamide in
a facial moisturizer compared to facial moisturizer alone significantly increased skin
lightness at 4 weeks. Afterward, the effect plateaued, similar to other lightening
agents (i.e., retinoids) [50]. The advantages of niacinamide are that it is generally
well-tolerated and is unaffected by light, acids, alkalis, and oxidizers [77]. However,
further studies are needed to evaluate its effect on disorders of hyperpigmentation.

N-Acetyl Glucosamine

N-acetyl glucosamine (NAG) is a precursor to hyaluronic acid and inhibits
tyrosinase glycosylation—a step in the melanogenesis pathway [51]. When used as
monotherapy for 8 weeks to treat hyperpigmentation in a Japanese population
(n = 50), 2% NAG reduced the appearance of pigmentation, though not signifi-
cantly. [51] When combined with 4% niacinamide, the improvement in hyperpig-
mentation was significantly greater, as demonstrated in 2 studies among Caucasian
participants [51, 78]. The difference may be attributable to inhibiting 2 separate
steps in the melanogenesis pathway [51]. Like niacinamide, NAG was
well-tolerated in all studies [51]. However, few studies have evaluated its effect in
dark-skinned ethnic groups.

Emerging Topical Agents

New promising agents include aloesin, linoleic acid, ellagic acid, resveratrol, 4-n-
butylresorcinol, methimazole, and metformin. In a study among 7 Korean patients,
aloesin, an inhibitor of tyrosinase, exerted an inhibitory effect on pigmentation after
UV radiation in a dose-dependent manner [79, 80]. In a study using guinea pigs,
linoleic acid demonstrated a lightening effect on UV-stimulated hyperpigmented
skin by suppressing melanin production and promoting desquamation of pigment
from the epidermis [81]. Ellagic acid, an inhibitor of melanin synthesis, demon-
strated comparable efficacy to 4% hydroquinone when combined with 0.1% sali-
cylic acid when treating hyperpigmentation in a multi-ethnic population (n = 54)
[82]. The cosmetic use of resveratrol, another tyrosinase inhibitor, has been limited
so far due to chemical instability [79]. However, Ryu et al. recently demonstrated
that resveratrol triacetate (prodrug of resveratrol) decreases intensity of hyperpig-
mentation among FSTs III-IV without inducing skin irritation [83]. Similarly,
4-n-butylresorcinol, an inhibitor of tyrosinase and tyrosinase-related protein-1, has
been shown to be efficacious in reducing melasma pigmentation after 8 weeks of
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use [84]. Topical methimazole cream was shown to inhibit melanin synthesis and
significantly improve hyperpigmentation in two hydroquinone-resistant melasma
patients [85]. Finally, topical metformin induced tail whitening in animal studies
and exerted an anti-melanogenic effect on reconstituted human epidermis and
human skin biopsies [86].

Chemical Peels

Chemical peels are an increasingly popular method to disperse unwanted pigment
among those with more darkly pigmented skin tones [87]. They may be used as
monotherapy or as an adjunct to topical agents. Superficial (epidermis to upper
papillary dermis) and medium-depth (epidermis to upper reticular dermis) are the
primary peels used in dark-skinned ethnic groups. Superficial peels include 30–50%
glycolic acid (GA), 20–30% salicylic acid (SA), 10–35% trichloroacetic acid
(TCA), and Jessner’s solution [88]. Medium-depth peels include 50% TCA and
70% GA [87]. Deep peels are avoided in dark-skinned ethnic groups, due to the
higher risk of hypopigmentation, hyperpigmentation, scarring, and keloid and milia
formation [19, 89]. More details on patient selection, pre-and post-treatment care,
and types of peels can be found in the chemical peels chapter.

Microdermabrasion

Microdermabrasion is a superficial skin resurfacing procedure that removes the
stratum corneum. A negative pressure system pulls the skin into a handpiece
connected to a vacuum pump that blows chemically inert crystals (usually alu-
minum oxide), which cause mechanical skin abrasion. Used crystals and abraded
material are then suctioned off into a waste receptacle [90]. Alternative machines
use less harsh sodium chloride and sodium bicarbonate crystals, and some employ
diamond wand systems that are crystal-free [91].

Most studies have reported mild to moderate improvement (5–41%) in melasma
after 6–8 weekly sessions [91, 92]. Compared to pre-treatment skin biopsies,
post-treatment biopsies demonstrated decreased melanization and regular distribu-
tion of melanosomes in the epidermis [91, 93]. Of note, improvement can be
enhanced when microdermabrasion sessions are combined with topical retinoid
treatment (40% vs. 15% improvement) [92]. Similarly, Kauvar et al. demonstrated
that a combination of microdermabrasion followed immediately by Q-switched
neodymium-doped yttrium aluminium garnet (QS Nd:YAG) laser treatment yielded
even higher improvement rates with 81% of participants achieving >75% clearance
(n = 27) [94]. While there has been concern about potential adverse neurologic
effects of aluminum oxide, there has been inconclusive evidence to date that
long-term exposure to aluminum may be associated with cognitive impairment.

23 Treatment Strategies for Hyperpigmentation 427



These findings have mainly been found in aluminum miners or factory workers and
are specific to aluminum and not aluminum oxide [90].

In general, microdermabrasion is considered to be safe in all skin types with few
side effects. Petechiae and purpura may develop depending on ablation speed and
vacuum pressure, but lesions typically resolve by 3 days. Rarer side effects include
acne and recurrent herpes simplex outbreaks. It should be performed with caution in
darker skin types (i.e., III–VI) due to the risk of PIH, and those with rosacea as
telangiectasias and erythema may be permanently worsened [92].

Microneedling

Microneedling is accomplished by rolling an instrument studded with rows of
microneedles over the skin multiple times. The microneedles penetrate through the
epidermis and into the upper dermis (0.5 mm), inducing a wound-healing response.
For hyperpigmentary disorders, microneedling has been explored as a means of
augmenting transepidermal drug delivery [95]. Fabbrocini et al. [95] conducted a
split-face study among women with melasma (n = 20, FST III–V) wherein a serum
containing rucinol and sophora-alpha was applied to skin with and without prior
microneedling. Compared to the serum alone group, the MASI score decreased
significantly more in the combination group (7.1 vs. 10.1 points). Lima Ede
reported similar improvement with a combination of microneedling and triple
combination cream (0.05% tretinoin, 4% hydroquinone, 1% fluocinolone ace-
tonide), with preserved results at 2 years follow-up [96]. In a prospective ran-
domized trial, microinjections of tranexamic acid with and without microneedling
were administered among patients with melasma (n = 60, FST IV–V). After the
third treatment session, there was greater improvement in the microneedling group
compared to the microinjection alone group (44.41% vs. 35.72%). Furthermore,
41% of patients in the microneedling group showed >50% improvement [97].
Based on these studies, the augmented response to treatment with microneedling
may be attributable to deeper and more uniform penetration of medication.

Microneedling is generally well-tolerated with no adverse effects reported in
most studies [95–97]. Furthermore, as the epidermis remains largely intact, risks of
scarring and infection are limited [98].

Lasers

Lasers are typically used as third-line agents for disorders of hyperpigmentation, as
data is still limited, and there is an increased risk of scarring and dyspigmentation.
Lasers that have been extensively explored in the treatment of pigmented disease,
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albeit with variable success include Q-switched Ruby (695 nm), Q-switched
Alexandrite (755 nm), QS Nd:YAG (1064 nm), intense pulsed light, pulsed dye
laser, and fractional photothermolysis. For pigmentary disorders, the target chro-
mophore is melanin (630–1100 nm), so ideally lasers with wavelengths within this
range are used [99]. Lasers that produce pulses of light shorter than the thermal
relaxation time (time necessary for the target tissue to lose 50% of its initial heated
temperature) of melanosomes (250–1000 ns) must be used in order to selectively
destroy melanin. Consequently, the QS Nd:YAG 1064 nm laser which emits long
wavelengths in ultra short pulse durations is most commonly used [100]. Further
details on patient selection, pre-and post-treatment care, and types of lasers can be
found in the laser chapter.

Oral Agents

Oral agents are generally considered third-line agents for treatment of dyschromia
after topical agents and/or chemical peels have failed. However, some authors use it
as second-line agents [101].

Tranexamic Acid

Originally marketed as a fibrinolytic agent, tranexamic acid has recently demon-
strated efficacious off-market use in treating melasma [102]. Unlike other treat-
ments, which aim to decrease melanogenesis (majority of topical agents) or remove
pre-existing melanin (peels, lasers), tranexamic acid is postulated to prevent acti-
vation of melanocytes by blocking plasminogen binding to keratinocytes [102].
Tranexamic acid may also modulate angiogenic factors involved in the develop-
ment of melasma [101]. In the largest retrospective study to date of melasma
patients with a median follow-up of 4 months (n = 561), 89.7% of patients showed
improvement while on tranexamic acid 250 mg twice a day [101]. These promising
findings are consistent with multiple previous studies based on Asian populations;
however, studies are lacking in other patient populations [103, 104]. Common side
effects included nausea, diarrhea, and orthostasis [102].

Prior to initiating treatment, clinicians should screen for a history of thrombosis,
angina, and stroke, and consider obtaining monthly coagulation labs. Lightening
effects should be expected after 2 months of treatment [101]. If no response is
observed, increasing treatment duration is more effective than increasing dosage
[101, 102]. Finally, like other topical agents, patients should be counseled on the
risk of relapse, as 27% of patients in the Lee et al. study relapsed on cessation of
oral treatment [101].
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Botanical Agents

Botanical products, such as procyanidin, pycnogenol, and Polypodium leucotomos
(P. leucotomos), are increasingly attractive to consumers because they are inex-
pensive, easily accessible without prescription, and perceived to be “more safe”
than pharmaceuticals. They inhibit hyperpigmentation by exerting antioxidant or
anti-inflammatory effects [105]. Only a few studies have been conducted to date and
although they found these agents (procyanidin 48 mg/day with vitamins A, C, E, or
pycnogenol 75 mg/day) to be safe and efficacious in treating melasma, they are
limited by different factors including very short follow-up periods (i.e., 1 or
2 months). Studies on P. leucotomos have demonstrated mixed results with respect
to efficacy, but one small study showed that it may prevent UVA-induced pig-
mentary changes [106–110]. Of note, no studies have examined their efficacy in
PIH and overall improvement in skin of color. In the interim, while further studies
are conducted, clinicians should be aware that botanicals carry an inherent risk of
allergic and phototoxic reactions and do not require rigorous safety testing by the
Food and Drug Administration (FDA) before marketing. They may also be adul-
terated with corticosteroids, putting users at risk of steroid-induced atrophy and
dyspigmentation [105].

Emerging Oral Treatments

Oral grape seed extract can reduce the appearance of melasma by inhibiting melanin
synthesis and UV-induced hyperpigmentation [111]. To date, there have been
limited studies in humans, but in one study among Japanese women (n = 12),
6 months of oral grape seed extract therapy led to a reduction in the melanin-index
score that persisted during the next 6 months [112]. Although it was well-tolerated,
more studies with larger sample sizes are needed to further evaluate its efficacy.

Intravenous Agents

Glutathione (GSH) is an endogenously produced antioxidant that is found naturally
in food (i.e., watermelon, avocado, spinach) and also commercially, in oral and
intravenous formulations. It is more commonly used in Asian countries (i.e.,
Thailand, Philippines, India), where “fair” skin is highly desired as a symbol of
social ranking [113]. While GSH initially appeared promising through its
multi-faceted inhibition of melanogenesis—inactivating tyrosinase, mediating the
switch from eumelanin to pheomelanin, and quenching formation of free radicals—
few studies have examined its efficacy and safety in skin whitening [113]. These
agents are currently not recommended or FDA-approved for this purpose. The FDA
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has banned injectable versions due to the risk of Stevens Johnson syndrome, toxic
epidermal necrolysis, and abnormalities in thyroid and renal function [114].
Injectable formulations are furthermore likely to be counterfeit and administered by
untrained personnel, which raises the risk of sepsis, air embolism, and transmission
of infectious disease [114]. Finally, it is unknown whether switching from eume-
lanin (protective against UV radiation) to pheomelanin (potentially photosensitizing
to UVA in melanocyte cultures) may result in an increased risk of skin cancer
[115].

Conclusion

By 2050, more than half of the U.S. population will be composed of darker ethnic
skin types. Consequently, clinicians should be prepared to treat a higher volume of
disorders of hyperpigmentation (i.e., melasma, PIH).

Topical agents are generally first-line treatment, with hydroquinone and triple
combination therapy often used initially given their long history of safety and
efficacy. Chemical peels are considered a second-line agent as they are both more
expensive and carry a higher risk of side effects. Oral tranexamic acid demonstrates
excellent efficacy but is still limited by a high relapse rate and warrants more study
in non-Asian populations. Microdermabrasion, microneedling, and laser treatments
are third-line options given the limited data to date and the higher risks of side
effects. Finally, maintenance therapy with sunscreen and topical agents are crucial
to prevent relapse.
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Chapter 24
Chemical Peels in Ethnic Skin

Judy Cheng and Neelam A. Vashi

Chemical peels have been used for decades to improve the cosmetic appearance of
skin. Chemical peels create a superficial injury to the epidermis with the goal of
stimulating new epidermal growth with more even melanin distribution [1]. Among
darker skinned ethnic groups, common indications include lentigines, post-
inflammatory hyperpigmentation (PIH), melasma, acne vulgaris, scarring, and
pseudofolliculitis barbae [1] (Table 24.1).

Prior to peel initiation, pre-procedure protocols should be utilized. Procedures
including laser hair removal, waxing, and facials should be stopped 1 week prior to
peel initiation. Benzoyl peroxide and retinol products should be stopped 2–5 days
beforehand. Photographic documentation, including full-face and areas of special
interest, should be obtained prior to initiation of peels with patient consent. A pre-peel
(priming) regimen consisting of glycolic acid (8–12%), hydroquinone, azelaic acid,
kojic acid, or triple combination cream should be initiated, optimally 2–4 weeks
before the first peel. The regimen should be discontinued 3 days before the peel [1, 31,
32]. Skin priming is important as it reduces healing time and risk of hyperpigmen-
tation, as well as enabling more uniform penetration of the peeling agent [31].
Performing a test spot prior to initiating a series of peels may also be helpful to
establish skin reactiveness. For PIH patients, test spots at specific, distinct sites of
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hyperpigmentation are a viable technique as different locations of the face are prone to
behave uniquely [32, 33].

The following variables determine the depth of peeling: agent used, concentration,
volume applied, time of contact, force of contact, frequency of application, integrity
of the stratum corneum, and skin thickness [34]. Make-up is first removed and the
eyes protected with moistened cotton pads or eye shields. Ear openings are covered
with cottons balls, and the lips are protected with petrolatum [32]. Before applying a
peeling agent, the area to be treated must first be degreased to facilitate even pene-
tration of the agent. Degreasing agents include acetone or isopropyl alcohol and
should be applied until no yellow residue is left on the gauze [1, 32]. Peeling agent
solutions are usually started at a low concentration and titrated up to assess for
tolerability. Gel formulations limit the harshness of solutions and allow for delivery of
higher concentrations of acid with a lower risk of adverse events (i.e., scarring and
dyspigmentation) [35]. Application tools include gauze, sponges, or brushes, but
gauze may allow for more sensitive tactile pressure. Cotton-tipped applicators may
facilitate direct placement of peeling agent onto acneiform lesions and areas of
hyperpigmentation [32]. After the peeling agent is applied, hand-held fans can reduce
intra-procedural discomfort. Patients typically experience a burning or tingling sen-
sation for 2–5 min. The peel is then terminated with copious amounts of cold water or
neutralizing agent, if indicated. A mild steroid or emollient cream can be applied
afterwards as needed (i.e., erythema) [31].

Peeling Agents

Despite the many types of peels that are available today, limited studies have been
conducted in the skin of color population.Given the tremendous variability in responses
to chemical peels, it is up to the clinician to carefully select a peeling agent based on the
patient, disorder under treatment, and safety and efficacy profiles of the agent.

Alpha-hydroxy Acids

Alpha-hydroxy acids (AHAs) are naturally occurring or synthetic carboxylic acids
that have been used anecdotally since ancient Egyptian times for cosmetic purposes
[1, 36]. They suppress melanin formation and accelerate epidermal turnover,
thereby expediting pigment dispersion [37].

Glycolic Acid

Glycolic acid (GA) is naturally found in sugar cane and is the most commonly used
AHA for chemical peeling [34]. At low concentrations (20%), it causes corneocyte
detachment and desquamation, while at higher concentrations (70%), it induces
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epidermolysis below the level of the stratum corneum [31, 38]. It also thins the
stratum corneum, disperses melanin in the basal layer, and increases collagen
synthesis within the dermis [39, 40]. Indications for use include acne, acne scars,
melasma, PIH, photoaging, and seborrhea [41]. It may be beneficial to place
patients on a pre-peel regimen with a topical GA product to acclimatize the skin to a
low pH and induce a preliminary desquamation before the peel. Frosting indicates
epidermolysis and detachment from the papillary dermis. The peel is then termi-
nated with sodium bicarbonate solution (8–15%). Post-peel erythema will then
ensue, followed by desquamation [31]. In general, serial peels with partially buf-
fered solutions starting at a lower percentage of 30–35% with upward titration
allow for the best ability to improve pigmentation while avoiding side effects [42].

GA peels have repeatedly demonstrated efficacy in treating melasma in skin of
color [11, 38, 43–45]. Javaheri et al. treated 25 Indian women with melasma with
50% GA peels. After 3 sessions, the Melasma Area Severity Index (MASI) score
improved in 91% of patients, with a better response in epidermal-type melasma [2].
Multiple studies have investigated the combined efficacy of GA peels with topical
therapies with the hypothesis that improvement in melasma may be expedited by
removing the superficial layer of epidermis through chemical peeling. In 1 study, 31
patients (FST III–V) with melasma were treated with modified Kligmans formula
(5% hydroquinone, 0.05% tretinoin, 1% hydrocortisone acetate) with or without
serial GA (30–40%) peels. The peel group demonstrated more rapid and greater
improvement compared to the topical treatment alone group [38]. Similar results
were obtained by other studies using topical regimens of 2% hydroquinone/10%
GA gel/0.05% tretinoin or 10% azelaic acid cream/0.1% adapalene gel, and peel
concentrations ranging from 20 to 70% [11, 46].

Through similar reasoning, chemical peels may augment the effects of laser
treatment by helping to remove the upper epidermis and allowing long wavelength
lasers to better reach deeper dermal melanophages without side effects. Park et al.
conducted a split-face trial among 16 Korean women with melasma wherein both
sides of the face were treated with Q-switched neodymium-doped yttrium–alu-
minum–garnet laser (1064 QS Nd:YAG) at weekly intervals, with one side of the
face additionally receiving a 30% GA peel immediately after laser treatment every
2 weeks. While both sides improved, there was greater improvement in the com-
bination side (37.4 vs. 16.7%), with results maintained through a 5-month
follow-up period [45]. GA peels are generally well tolerated in studies; there may
be focal erythema and burning during the peeling process and some may develop
superficial vesiculation afterwards, but these side effects generally self-resolve [11].
Superficial GA peels are an effective adjunct to topical agents or laser therapy to
expedite clinical response.

Finally, GA peels have been successfully used to treat acne and PIH in skin of
color [15, 22, 41, 47]. Sharad et al. demonstrated 20–35% GA peels performed
every 15 days for 8–10 sessions can effectively clear PIH secondary to acne (FST
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III–IV) [41]. For acne, 70% GA peels can improve comedonal acne rapidly, while
papulopustular acne and nodulocystic lesions require more sessions [47].

Lactic Acid

Lactic acid, an AHA found in sour milk, is effective in treating melasma among
skin types IV–V [36, 48]. In these studies, 82–92% lactic acid peels applied every
2 weeks for 12 weeks resulted in a significant decrease in MASI scores [36, 48].
Treatment efficacy and time to achieve results were similar compared to 70% GA
[36, 44]. Lactic acid is furthermore well tolerated, with little to no side effects [36].

Lactic acid has also been successfully used to treat Lifa disease (frictional dermal
melanosis). Although the pathogenesis of Lifa disease is still not completely
understood, it is postulated that squeezing of the basal layer by the lifa (loofah) and
underlying bone causes damage to melanocytes, leading to dyspigmentation. In a
small study (n = 52), 92% lactic acid improved hyperpigmentation in all patients
with no relapses in a follow-up period of 3 months [49].

Mandelic Acid

Mandelic acid is a widely used AHA that suppresses pigmentation and rejuvenates
skin [50]. Compared to other AHAs, it has a larger molecular size, which allows it
to more slowly and evenly penetrate the epidermis [50]. Combination 20%
salicylic/10% mandelic acid peels have been shown to be as efficacious as 35% GA
peels in treating melasma and may be better tolerated than the latter in Indian skin
[4]. For PIH, 20% salicylic/10% mandelic acid peels were more efficacious than
35% GA (p < 0.001) in 1 study among FSTs IV–VI [13]. Furthermore, 30 and 50%
mandelic acid peels may result in fewer side effects compared to GA peels (i.e.,
erythema, blistering) [50].

Phytic Acid

Phytic acid is a newer peel with a low pH that is often included as an ingredient in
combination AHA peels. A commonly used formulation is a mixture of glycolic
acid, lactic acid, mandelic acid, and phytic acid, offering two advantages compared
to other AHA peels. First, it does not require neutralization, which eliminates the
risk of overpeeling. Second, it does not cause a burning sensation. The peel is left
on the face until the following morning and can be applied up to twice a week for a
greater effect. In general, 5–6 peels are required before effects are appreciated [51].
Few studies have investigated its efficacy to date. Sarkar et al. demonstrated that a
series of six 50% phytic combination peels (phytic acid, GA, lactic acid, mandelic
acid) in Indian women (n = 30) reduced the MASI score by 44%. However, it was
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less efficacious compared to 35% GA and 20% salicylic/10% mandelic acid peels
[4]. Given the scarcity of literature published, more studies are needed.

Pyruvic Acid

Pyruvic acid is an alpha-keto acid that physiologically converts to lactic acid. It is
considered a potent medium-depth chemical peeling agent that penetrates to the
upper papillary dermis [25]. Ghersetich et al. treated 20 patients (FST II–III) with
signs of photoaging (i.e., freckles and lentigines) with 50% pyruvic acid peels.
After 4 sessions, there was lightening of hyperpigmented lesions, and some
lesions completely faded, though no statistical analyses were conducted [25].
Berardesca et al. similarly treated 20 women (FST II–III) with photodamage,
superficial scarring, or melasma with a 50% pyruvic acid peel (n = 20) and
achieved significant improvement in skin elasticity, hyperpigmentation, and
wrinkling (p < 0.05). Furthermore, no subjects developed persistent erythema or
PIH [5]. While some clinicians report pyruvic acid peels are associated with
intense pain that subsides after neutralization with 10% sodium bicarbonate, pain
has not been a significant adverse effect reported in the above studies [5, 25, 31].
Patients should expect erythema to last for 15 min, with a subsequent desqua-
mation that lasts 3 days. There is no systemic toxicity associated with pyruvic
acid, but vapors are pungent [31].

Of note, while pyruvic acid peels appear promising, no studies have been
conducted in skin of color to date, and the associated intense burning has limited its
use. Caution should be exercised since it is classified as a medium-depth chemical
agent and, consequently, may cause PIH in more richly pigmented skin types.

Given the multitude of options for AHA peels, it is up to the clinician to choose
an agent that is safe and efficacious for the condition under treatment. AHA peels
are generally well tolerated in darker skinned people based on the limited studies to
date.

Beta-hydroxy Acids

Salicylic Acid

SA is a naturally occurring compound found in willow tree bark that can be
formulated in a variety of vehicles. It is commonly used to treat acne due to its
lipophilic properties. It also induces desquamation of the upper layers of the stratum
corneum and activates underlying fibroblasts. At lower concentrations (3–5%), it
acts as a keratolytic agent, improving the penetration of other peeling agents, and, at
higher concentrations (20–30%), it is used as a peeling agent [1, 31]. Given its
anti-inflammatory effects, SA can decrease PIH caused from peeling itself [51].
Consequently, it is also used to treat melasma and PIH [1, 6, 31]. When applied to
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the face, patients may initially experience a burning sensation that soon decreases as
salicylic acid causes a superficial anesthesia. One of the advantages of SA is the
ability to monitor uniformity of application as a white precipitate (representing
crystalline precipitation rather than protein agglutination that occurs with deep
peels) forms upon evaporation of the vehicle (hydroethanolic or polyethylene
glycol). For this reason, some clinicians prefer to spot-treat focal areas of PIH rather
than applying the agent to the entire face. Spot treatment of PIH also allows greater
matching between hyperpigmented skin and normal skin, unlike full-face treatment,
which may cause a diffuse lightening of skin [1]. The peel can then be terminated
with water as no neutralization solution is necessary. Desquamation occurs
2–3 days later and lasts for up to 7 days. Although it is generally well tolerated,
there is a risk of systemic toxicity, salicylism, so caution should be exercised if
extensive areas are to be treated [31].

Several studies have documented the efficacy of SA peels in treating acne in
ethnic populations. Lee et al. treated 35 Korean women with facial acne with 30%
SA peels biweekly for 12 weeks and noted a reduction in inflammatory and
non-inflammatory acne in proportion to treatment duration. Side effects included
dryness that responded to emollients, and intense exfoliation that cleared by
10 days. There was no persistent PIH or scarring [52]. These results mirror those of
Ahn et al., who treated a similar population and noted improvement in skin
lightness and decreased redness [53].

Results have been more mixed with respect to efficacy of treating hyperpig-
mentary disorders. Joshi et al. conducted a split-face study comparing 20–30% SA
peels with no treatment among 10 patients with PIH (FST IV–VI). After five peels,
there was no significant improvement as rated by blinded dermatologists, but the
peels were well tolerated [54]. Conversely, in a study by Grimes et al. (n = 25, FST
V–VI), 20–30% SA peels in combination with 4% hydroquinone resulted in >50%
improvement in 100% of PIH and 66% of melasma patients. Side effects were
minimal and included transient dryness and hyperpigmentation [6]. However, when
20–30% SA peels were examined as an adjunctive agent to hydroquinone in a
split-face study, the authors found no additional improvement with peels [55].

b-lipohydroxy Acid

b-lipohydroxy acid (LHA) is a derivative of SA that is widely used in Europe and
has recently been introduced in the U.S. [56]. Compared to SA, it has an extra fatty
chain, which increases its lipophilic properties and ability to target pilosebaceous
units [57]. Unlike SA and GA, where there is partial detachment of cells causing
uneven exfoliation, LHA detaches individual corneosomes in a uniform manner that
mimics the natural turnover of skin. This may contribute to the smooth appearance
of skin after LHA peels. LHA (up to 10%) is furthermore well tolerated given that
its pH is similar to that of normal skin (pH 5.5) [56].

Levesque et al. conducted a split-face trial comparing LHA and SA peels among
20 patients with comedonal acne. Both showed a significant reduction in
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non-inflammatory lesions, but there was no difference in efficacy between the two
[19]. In another study, 43 patients with signs of photoaging were randomized to
receive LHA (5–10%) or GA (20–50%) peels. After 6 sessions, there was a sig-
nificant reduction in fine lines, wrinkles, and hyperpigmentation. Furthermore, the
efficacy of the 4 LHA peels was equivalent to that achieved by GA after 6 peels [7,
58]. This suggests that LHA may potentially offer higher efficacy compared to
traditional AHA peels. More studies are needed, though, especially in skin of color.

Trichloroacetic Acid

TCA, an inorganic compound found in crystalline form, is an acetic acid that
induces destruction of the epidermis and upper papillary dermis, followed by epi-
dermal and dermal rejuvenation [1]. It produces a white frost whose intensity
correlates with depth of penetration. For instance, a superficial TCA peel may only
show erythema or irregular light frost.

When used to treat melasma, 1 study found that 10–15% TCA acted more
rapidly than 55–75% GA peels [8]. However, TCA was associated with more side
effects including tingling, burning sensation, post-peel cracking, as well as a higher
relapse rate [8]. A subsequent study confirmed the initial faster response to TCA but
showed no significant difference between TCA and GA at the end of 12 weeks [59].
Based on these studies, GA may be the agent of choice if fewer side effects are
desired, while TCA is the preferable agent if a rapid response is desired.

Practically, treating lentigines may best be accomplished with TCA compared to
GA. TCA produces an even frost over a discrete area, while GA spreads diffusely
across the face and has no color to facilitate treatment monitoring [1]. Conversely,
mottled pigmentation that typically affects large portions of the face may benefit
from GA or SA peels [1].

Jessner’s Solution

Jessner’s solution is composed of a combination of resorcinol (14 g), SA (14 g),
lactic acid (85%), and ethanol (95%) [1]. These keratolytic compounds work
synergistically to expedite keratinocyte turnover, with resorcinol (phenol) addi-
tionally serving as a hypopigmenting agent. It is used with caution in skin types V
and VI as it may cause depigmentation, with some clinicians asserting that it should
never be used in skin type VI [1, 60]. Jessner’s solution and TCA peels are both
more efficacious than topical hydroquinone with kojic acid in treating melasma
among skin types III and IV. However, TCA was shown to have a more long-term
effect compared to Jessner’s solution and topical agents [61]. Furthermore,
Jessner’s solution can add significant adjunctive benefit when used with 15% TCA
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[9]. Compared to lactic acid, Jessner’s solution has demonstrated similar efficacy
and is also well tolerated [3].

Retinoids

In two studies (n = 10, n = 63) among darker skin types, 1% tretinoin peels were as
efficacious as 70% GA peels in treating melasma and were, furthermore, less irri-
tating to the skin [62, 63]. Time to therapeutic response was also similar [63].
Compared to topical tretinoin, tretinoin peels have more rapid therapeutic response
(24 vs. 12 weeks, respectively) [62].

Retinoic acid peels (5–10%), also known as the yellow peel, can be used for
facial melanosis, acne, and photoaging. As it is a superficial peel, it has few side
effects. Retinoic acid is applied until a uniform yellow frost appears (usually 2–3
layers), and the patient can wash it off at home after 6–8 hours. This procedure may
be repeated bimonthly [23].

Recently, interest has grown over whether microdermabrasion can augment the
effects of peeling agents. In one study, participants were treated with a 5% retinoic
acid peel with or without pre-treatment with microdermabrasion. Patients who
underwent microdermabrasion reported greater satisfaction in skin texture and
pigmentation compared to participants who received the peel alone [64, 65].

Post-treatment

After completing a chemical peel, patients can resume normal cleansing with gentle
agents after 24 hours [1]. Emollients and mild steroids can be used as needed, but
tretinoin and AHAs should be avoided for at least 1 week. Meticulous sunscreen
protection with SPF � 30 is critical during the post-peel period [31]. A 3–6 week
interval between peels is appropriate for an effective response.

Conclusion

Chemical peels are an efficacious tool to treat a myriad of dermatologic disorders in
skin of color patients. While there exists a higher risk of post-procedural hyper-
pigmentation and scar formation, these risks can be minimized with judicious
choice of peels and candidate selection. Multiple peels are usually needed to obtain
the desired clinical effect, and a maintenance regimen should be followed after to
prevent relapse. Of note, to avoid complications, deeper peels should be avoided.
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Chapter 25
Laser Treatment in Ethnic Skin

Judy Cheng and Neelam A. Vashi

Lasers (Light Amplification by Stimulated Emission of Radiation) are an important
addition to the arsenal of treatment options for dermatologic conditions. Currently,
conditions that are frequently treated with lasers include pigmentary disorders, nevi,
unwanted hair, vascular lesions, scars, and photoaging (Table 25.1) [1].While there is an
abundance of literature on its use in lighter skin types (Fitzpatrick skin types (FST) I-II),
there remains a paucity of data in darker skin types. This disparity is due in part to patient
candidacy and also clinician hesitancy to try laser therapy on ethnic patients due to the risk
of scarring and dyspigmentation. At the same time, the demand for laser procedures in
darker skin types continues to grow [49]. By providing an understanding of laser prin-
ciples and efficacy data for various dermatologic conditions in skin of color, clinicians
may be equipped with the tools to provide safe laser treatment for ethnic patients.

Laser Principles

Laser light therapy relies on the absorption of light energy by target chromophores in
the skin. There exist 3 main endogenous chromophores (melanin, hemoglobin/
oxyhemoglobin, and water) and several exogenous chromophores (i.e., psoralens,
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tattoo ink), in which each has unique absorption spectrums. Delivery to the skin
occurs via a continuous, quasi-continuous, or pulsed mode (long duration in mil-
liseconds, short duration in nanoseconds, or ultra-short duration in picoseconds).
When light of a specific wavelength is absorbed by a chromophore, it undergoes a
photochemical reaction whereby light energy is converted to heat energy, causing
destruction of the chromophore. In the process, heat diffuses to the cooler sur-
rounding tissue in a process called thermal relaxation. The time it takes for the target
chromophore to cool down to 50% of its initial temperature is analogously called the
thermal relaxation time (TRT). By the theory of selective photothermolysis, when
light of a certain wavelength is emitted in a period of time shorter than the TRT of the
target chromophore, the target can be selectively destroyed without damage to
surrounding tissue. Clinicians can therefore vary wavelength, pulse duration (ex-
posure time to the laser), and fluence (amount of energy delivered to an area of skin;
J/cm2) parameters to selectively destroy targets [49, 50].

Special Considerations in Skin of Color

Differences in skin color between darker and lighter skin types are due to the
amount, density, and distribution of melanin [51]. As melanin has a broad
absorption spectrum (250–1200 nm), light intended to reach dermal targets may be
competitively absorbed by the highly melanized epidermis in richly pigmented skin
types and cause scarring and dyspigmentation. This competitive absorption also
decreases the efficacy of lasers in darker skin types when using equivalent fluences
in lighter skin types [51].

However, longer wavelengths, longer pulse durations, and wider, yet conser-
vative, fluence ranges can circumvent these difficulties. Longer wavelengths
(>600 nm) enable deeper dermal penetration and more selective absorption of
dermal chromophores [52]. Longer pulse durations permit slower heating and more
efficient cooling of the epidermis, but higher energies must be used to obtain
efficacious treatment [51]. The TRT of melanosomes is in nanoseconds, and so
pulse durations in the milliseconds prevent melanosome destruction [49]. Using
efficient cooling devices (i.e., sapphire cooled tip, cryogen spray cooling (CSC),
forced air cooling) may also prevent overheating of the epidermis and reduce
adverse effects [51]. Finally, choosing the lowest fluence necessary to achieve
results should be used. Test spots should be conducted in representative yet
non-visible areas to identify the ideal fluence for each patient [49].

Laser Consultation

Determining if a patient would be an appropriate candidate for laser therapy first
involves a detailed medical history, focusing on conditions that may affect post-
operative healing. Patients with a tendency to form keloids or hypertrophic scars
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should not undergo laser treatment deeper than the papillary dermis [53]. Patients
with a history of herpes simplex virus should be placed on a prophylactic course of
antiviral therapy and continued on it until complete re-epithelialization of the skin
has occurred. Lastly, it is crucial that patient goals and realistic treatment expec-
tations be in alignment. Potential side effects and post-treatment expectations
should be reviewed [49].

Pretreatment

Before treatment, patients may benefit from a topical priming regimen with skin
lightening properties (i.e., hydroquinone, azelaic acid, kojic acid). Photographic
documentation should be obtained of the full-face as well as specific treatment areas
to better appreciate improvement.

Test spots, typically performed in the post-auricular area, can be conducted to
identify optimal laser settings. 2 to 4 fluences are usually tested, with a 48 hour wait
time afterwards to assess for side effects. Of note, test spots are not always pre-
dictive of outcome as different areas of the face and body may respond uniquely
given intrinsic skin differences and involved treatment sites of sun-protected versus
sun-exposed areas [51].

Types of Lasers

Ruby Laser (694 nm)

Q-switched (QS) lasers emit high-energy light in short pulses. This contrasts with
continuous wave lasers, which emit a continuous output of light. Pulses of light
energy provide the advantage of limiting thermal necrosis to a target thus limiting
damage to surrounding tissue [54]. The QS ruby laser (QSRL) emits light at
694 nm and can be used to treat pigmented lesions with limited bruising, as it is not
absorbed by hemoglobin [52]. The QSRL is more selective for melanin compared
to the QS neodymium-doped yttrium aluminum garnet (Nd:YAG) laser (1064 nm),
and so theoretically, should be more effective. However, results have been mixed,
and its role in treating melasma is controversial and overall not recommended.
Taylor et al. found QSRLs ineffective in treating melasma and post-inflammatory
hyperpigmentation (PIH) (n = 8) and furthermore caused darkening in some cases
[16]. Similarly, in a small study comparing QSRL with QS Nd:YAG, neither laser
was effective in treating melasma (n = 3), and both caused PIH after only 1
treatment session [17]. Jang et al. [55] investigated whether repeat low-dose
fractional-mode QSRL may better treat melasma with the hypothesis that a sub-
lethal cumulative dose of energy will fragment melanin but not destroy cells
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(n = 15, FST III-IV). While the majority experienced a 30% improvement in the
Melasma Area and Severity Index (MASI) score after 6 sessions, 2 developed a
higher MASI score and 2 had no change [55].

QSRL has also been used successfully to treat a variety of drug-induced
hyperpigmentation. Minocycline-induced hyperpigmentation has responded well to
QSRL, clearing all cases in 2 studies with no side effects [8, 9]. One case of
chloroquine and hydroxychloroquine-induced gray-blue hyperpigmentation was
treated with QSRL for 3 sessions with significant improvement. Post-laser biopsy
revealed reduced melanin deposits in the papillary and mid-dermis [13]. QSRL and
QS Nd:YAG have both successfully treated amiodarone-induced hyperpigmenta-
tion, with complete resolution using the QSRL [14, 15].

Nevus of Ota and acquired bilateral nevus of Ota-like macules (ABNOM) can
also be treated with QSRL. In a large-scale study, Watanabe and Takahashi treated
114 Asian patients with nevus of Ota with QSRL (fluence 6 J/cm2, pulse duration
30 ns) at 3–4 month intervals. Ninety-four percent of patients who received 4 or 5
treatments had � 70% of lightening of lesions. No patients developed hypertrophic
or atrophic scarring [2]. These results mirror the previous results of Taylor et al. and
Geronemus et al. [56, 57]. For ABNOM, 1 study treated 140 patients with QSRL
(fluence 7–10 J/cm2, 1 Hz), and 93% of patients achieved complete clearance.
Unfortunately, 3 patients developed long-term hypopigmentation [4].

QSRL is less effective in treating café au lait macules and PIH. In a study
comparing QSRL and QS Nd:YAG-treated café au lait macules, both lasers yielded
variable responses, including causing lightening and darkening of lesions.
Histologic subtypes of these lesions furthermore did not predict response to laser
treatment [30]. Two studies have found QSRL to be ineffective in treating PIH
[16, 27].

Although QSRL is a mainstay in the treatment of dyschromias (i.e., nevus of
Ota/Ito, Hori nevi) among skin of color patients with lighter FSTs, its overall use is
not recommended in the ethnic population.

Alexandrite (755 nm)

Alexandrite lasers at a wavelength of 755 nm can be used in short- and long-pulsed
modalities. QS alexandrite lasers (QSAL) have been used to treat nevus of Ota,
drug-induced hyperpigmentation, tattoos, lentigines, and ephelides. Although the
sample sizes were small (n = 3 and n = 4), the picosecond alexandrite laser was
successful in treating nevus of Ota with >50% improvement in 2 studies [58, 59]. In
another small study, 3 patients with minocycline-induced facial pigmentation were
successfully treated with the picosecond alexandrite in 1 to 2 sessions [10].
Vangipuram et al. [11] achieved 100% clearance of minocycline-induced facial
pigmentation with nonablative photothermolysis followed by 1 session with the
alexandrite laser.
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Few studies have investigated the role of alexandrite lasers in the removal of
unwanted tattoos and hair. In 1 study among 20 Arabic patients (FST III-IV), QSAL
(fluence 4–7.5 J/cm2, pulse duration 100 ns) in 6–12 week treatment intervals led
to >75% lightening in 75% of patients after 3–6 sessions. None developed dyspig-
mentation or scarring [31]. For the treatment of lentigines and ephelides, 1 study
compared the efficacy of intense pulsed light (IPL) therapy versus QSAL. While
ephelides responded more rapidly to IPL compared to QSAL, there was no difference
in efficacy in the treatment of lentigines. PIH furthermore occurred more frequently
among patients treated with QSAL [34]. Long- pulsed alexandrite lasers can safely
destroy hair follicles without damage to epidermal melanin in some darker skinned
populations. This treatment modality for unwanted hair in the skin of color population
is typically limited to FSTs III/IV [36–38]. Overall, alexandrite lasers should be used
with caution in FST IV-VI as it can lead to PIH [34].

Nd:YAG (1064 nm)

Nd:YAG lasers at a wavelength of 1064 nm can be used in short- and long-pulsed
modalities. The QS Nd:YAG laser produces light at a wavelength of 1064 nm but
can be frequency-doubled to emit green light at 534 nm. The long wavelength is
more suitable for treating dermal lesions, while the 532 nm light is better for
epidermal pigmentation [60]. This section will focus on the 1064 nm QS Nd:YAG.
The 1064 nm long-pulsed modality can be used for other dermatologic conditions
(i.e., unwanted hair, scars, vascular lesions) and will be covered in another chapter.

The QS Nd:YAG (1064 nm) is the most popular laser choice for the treatment of
pigmentation disorders, and the most commonly employed laser for the treatment of
melasma. Its long wavelength provides two advantages. First, it can target dermal
melanin while limiting damage to the epidermis. Second, it can target the upper
dermal vascular plexus, which can be a pathologic factor in melasma [52]. In a
review of 10 studies among darker skinned ethnic groups, Arora et al. reported that
the majority of patients with melasma treated with QS Nd:YAG laser improved,
even in cases of refractory and dermal melasma [52]. Settings used include
fluence <5 J/cm2, 6 mm spot size, and a frequency of 10 Hz [61]. Common side
effects included mottled hypopigmentation, erythema, and burning. However, they
can be minimized by avoiding too frequent (weekly) and too many laser sessions
(>6–10 sessions) [52].

“Laser toning” is an increasingly popular method for nonablative skin rejuve-
nation and treatment of melasma in East Asia. It involves repetitive low-fluence
(1.6–3.5 J/cm2), large spot size (6–8 mm), multiple-passed treatment with the QS
Nd:YAG laser. It is repeated every 1-2 weeks for a total treatment duration ranging
from weeks to months [62]. Laser toning is postulated to improve melasma through
sublethal injury to melanosomes and melanocytes, which causes fragmentation of
melanin granules into surrounding cytoplasm without cellular destruction [19]. Cho
et al. treated 25 Korean patients with low pulse energy 1064 QS Nd:YAG laser;

25 Laser Treatment in Ethnic Skin 455



specifically, 2.5 J/cm2 to the whole face, followed by an additional 4–5 J/cm2 over
melasma lesions. After 1 to 5 treatment sessions, 44% of patients showed marked
improvement and 28% near-total improvement [18]. These results were echoed by
Choi et al., who demonstrated lightening of melasma and tightening of wrinkles
after five treatments at 1 week intervals with low-fluence QS Nd:YAG (n = 20,
fluence 2–3.5 J/cm2) [19]. When low-fluence QS Nd:YAG was combined with
microdermabrasion in 1 study (n = 27, FST II-V), 81% of patients had >75%
clearance with remission lasting through 6 months. Of the 9 patients who were
followed up at 12 months, 89% maintained their clearance [63].

Of note, prolonged use of low-fluence QS Nd:YAG has been associated with the
development of punctate leukoderma, described as white, round, confetti-like
macules [18, 61, 64]. Wattanakrai et al. [61] reported 8 out of 22 patients treated
with QS Nd:YAG (3.0–3.8 J/cm2) developed punctate leukoderma after multiple
treatment sessions. Kim et al. used lower fluences (1.6 J/cm2 to the face and 2.2–
2.5 J/cm2 for melasma lesions) and reported 3 out of 259 patients with punctate
leukoderma. Possible mechanisms for laser-induced depigmentation include
cumulative subthreshold additive effects, excessive fluences causing direct photo-
toxicity and cellular damage to melanocytes, intrinsic unevenness of skin, and
non-uniform laser energy output [62]. More studies are needed to determine the
optimal number of treatment sessions and interval period. In the interim, patients
should be monitored for the earliest sign of hypopigmentation and laser treatment
terminated upon development.

QS Nd:YAG has also been used to successfully treat other pigmentary disorders
including PIH, ABNOM, tattoos, exogenous ochronosis, and dermatosis papulosa
nigra (DPN) [3, 7, 28, 32, 33, 40]. In two small studies, the QS Nd:YAG completely
cleared charcoal tattoos in FST V-VI (n = 4) and lightened the majority of
black-pigmented tattoos by >75% in FST IV (n = 8, 8/15 tattoos) [32, 33]. Tan et al.
treated 6 Chinese patients with exogenous ochronosis using the QS Nd:YAG laser
(fluence 1.2 J/cm2 on first pass, 4–6 J/cm2 on second to fourth pass). All patients
exhibited improvement, especially those with Dogliotti stage II (hyperpigmentation,
black colloid milia) and III (papulonodules) disease [7, 65]. The longer wavelength in
the QS Nd:YAG laser likely enabled deeper penetration into the dermis to ablate
homogentisic acid deposits [66]. Spoor et al. treated 34 patients of Asian, African
American, and Hispanic descent with QS Nd:YAG. DPN lesions cleared after one
treatment session in 90% of patients, and only one patient developed transient
hypopigmentation [40]. The QS Nd:YAG laser is a popular and effective laser choice
in treating pigmentary disorders in skin of color. However, it can cause hypopig-
mentation and clinicians should remain vigilant for signs of pigmentary complications.

Intense Pulsed Light

IPL uses a xenon-chloride lamp to emit short, intense, incoherent pulses of light
energy in the spectrum of 500–1200 nm [21]. While it can treat a variety of
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dermatological conditions, it is not the recommended treatment of choice for FST
V-VI. For the treatment of melasma, it is postulated that light energy is absorbed by
melanin in keratinocytes and melanocytes, which leads to photothermolysis and
epidermal coagulation. Micro-crust containing melanin forms and is eventually
sloughed off, with a subsequent decrease in pigmentation [67].

In one study among melasma patients (n = 38) with FST III-IV, IPL achieved
80–100% clearance in 47% of patients after four–five sessions [21]. These results
echo previous findings in a study among FST II-IV, which demonstrated a 76–
100% clearance rate for epidermal melasma, but <25% clearance for mixed type
[20]. When used adjunctively with topical 4% hydroquinone (FST III-IV) or triple
combination cream (FST II-V), IPL can augment response rates, including clear-
ance [68, 69]. Unfortunately, there is a high relapse rate once IPL sessions are
completed [69], which suggests the need for additional treatments to maintain
improvements.

IPL has also been used to treat solar lentigines and ephelides. Sixty Asian patients
with solar lentigines or ephelides were treated with IPL (fluence 20–24 J/cm2,
double or triple pulses of 2.6–5.0 ms with pulse delays of 20 ms, cutoff filters of
560) at 2–3 week intervals for a total of 3–5 treatments. Forty, 71, and 75% of
patients with lentigines, ephelides, and lentigines and ephelides, respectively
showed >50% improvement. None developed PIH or scarring afterwards [70, 71].
IPL has also been used to treat other UV-related pigmentary disorders, such as
poikiloderma of Civatte, but it has not been well studied in skin of color [42, 43].

IPL is not recommended for laser hair removal in skin of color. One split-body
study compared laser hair removal with long-pulsed Nd:YAG (20–25 ms, fluence
35–42 J/cm2) versus IPL (600 nm, 5 and 40 ms, fluence 12–14 J/cm2) among FST
IV-VI (n = 11). After 1 treatment, 45% of participants (5/11) experienced PIH on
the IPL-treated side, whereas none developed hyperpigmentation on the Nd:
YAG-treated side. Of the five participants who experienced PIH, four were FST IV
and 1 was FST VI [39].

Although the risk of hyperpigmentation with IPL may be reduced by using low
fluences [52], given the risk of post-procedural dyspigmentation, treatment with IPL
should be limited to skin of color patients with lighter skin types and refractory
dermal pigmentation.

Pulsed Dye Laser

Pulsed dye lasers (PDL) deliver yellow light that is well absorbed by superficial
blood vessels. They are commonly used for vascular lesions (i.e., port-wine stains
(PWS) and hemangiomas) but have also been used for pigmentation disorders.
Specifically, it can target the dermal vascular component of melasma and decrease
melanocyte stimulation [52]. Melanocytes express endothelial growth factor
receptors 1 and 2, which are involved in the pigmentation process [72]. Passeron
et al. demonstrated that PDL, when used adjunctively with triple topical treatment,
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can significantly improve melasma, particularly among lighter skin types (FST
II-III). The improvement persisted even at 2 months follow-up. However, among
darker skin types, PDL was associated with development of PIH (n = 3) [22].
Similarly, PDL has also been used to successfully treat lentigines. In a study among
21 Iranian patients with solar lentigines, 57% of participants demonstrated >75%
improvement. Although it caused transient hyperpigmentation in some patients,
there were no recurrences at 6 months follow-up [35].

Interestingly, in 1 case report, a woman treated with PDL developed relapse of
melasma 3 years later in areas that completely spared the laser-treated areas. These
areas furthermore showed decreased vascularization compared to areas of melasma,
suggesting that decreased vascularization from PDL may prevent recurrence of
melasma [73].

Vascular lesions, such as PWS and superficial hemangiomas, respond well to
PDL. The main complications include PIH and scarring. Sommer and
Sheehan-Dare treated 13 patients (FST V) with PWS with PDL (585 nm, fluence 6–
7.25 J/cm2) at bimonthly intervals for a mean number of 7.5 treatments. While two
patients achieved complete or near-complete clearance after three and eleven
treatments, respectively, 46% (n = 6/13) of participants developed PIH. In addition,
15% of patients developed atrophic scarring (n = 2/13) [45]. However, these side
effects may be minimized by combining PDL with a cryogen spray cooling CSC
device. In a study among Asian patients (n = 196), those treated with PDL-CSC
(fluence 8–10 J/cm2) had higher improvement scores and could tolerate higher
fluences than those treated with PDL alone (fluence 5–7 J/cm2). Furthermore, none
of the patients treated with PDL-CSC incurred scarring or PIH [44].

For superficial hemangiomas, a 10-year single-institution retrospective analysis
of 657 cases among Chinese infants treated with PDL (595 nm, pulse duration 10–
20 ms, fluence 9–13 J/cm2, dynamic cooling duration of 40 ms and delay of 20 ms,
1–14 treatment sessions at 4–6 week intervals) revealed an overall effectiveness rate
of 91.17%. Lesions on the extremities responded particularly well, with complete
clearance seen after 2-3 treatment sessions. The most common side effects were
pigmentary changes (increase or decrease) and skin atrophy, which resolved in 3–
6 months [46].

Data for the use of PDL in the treatment of hypertrophic scars have been mixed,
with some showing improvement and some no difference [74, 75]. Differences may
be attributable to different laser fluence settings, with some studies suggesting
higher fluences leading to better responses. However, higher fluences must be
tempered with the risk of causing nonspecific thermal injury in patients of higher
FSTs [74]. A recent study investigated whether the use of a CSC device concur-
rently with laser treatment can minimize the risk. Fifteen Asian patients with 22
hypertrophic scars were treated with 2 PDL treatments spaced 4 weeks apart
(595 nm, fluence 9–10 J/cm2, pulse duration 1.5–10 ms, cryogen spurt duration
30 ms with a 30 ms delay between coolant spray and laser pulse). All treated sites
demonstrated a significant decrease in scar thickness and erythema, and no par-
ticipants developed permanent pigmentary changes or ulceration [47]. The mech-
anism by which PDL improves erythematous hypertrophic scars is unknown, but
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hypotheses include laser-induced tissue hypoxia from damage of the microvascu-
lature causing early scar maturation, collagen fiber heating causing subsequent
collagen fiber realignment, and activation of mast cells and cytokines leading to
matrix degrading products that promote collagen remodeling [47, 76, 77].

Fractional Photothermolysis

Resurfacing using ablative methods causes a controlled destruction of the epidermis
with subsequent re-epithelialization, a process known to improve dyschromia and
photoaging. Although traditional methods using the carbon dioxide (CO2) and
erbium-doped yttrium aluminum garnet (er:YAG) have shown striking results,
especially in FSTs I-II, these procedures have been associated with scarring and
further pigment alteration. Because of this, ablative methods are typically not
employed in the skin of color population. Nonablative, fractional lasers allow for
effective treatment of multiple skin disorders including rhytides, vascular lesions,
scarring, and dyschromias with a much higher safety profile [78].

Fractional light therapy uses an infrared laser to induce multiple microcolumns
of thermal damage [microthermal treatment zones (MTZ)] in a pixelated pattern
[79]. Microscopic epidermal necrotic debris (MEND), including pigment from the
basal layer and dermal material, are then removed through the columns of damage,
termed the “melanin shuttle” [79, 80]. The surrounding unaffected tissue then
serves as a reservoir to repopulate the damaged areas with keratinocytes and
melanocytes [79, 81]. As the majority of skin remains intact and the stratum cor-
neum is unperturbed, recovery time is relatively fast [80, 81]. Currently, both the
1550 nm erbium-doped and QS Nd:YAG lasers are FDA-approved for the treat-
ment of melasma [82, 83]. The former is also FDA-approved for the treatment of
pigmented lesions, periorbital rhytides, and scars [83, 84].

Multiple studies including 2 randomized controlled trials have explored the
efficacy of fractional photothermolysis in treating melasma [23, 24, 85–88]. Wind
et al. compared fractional photothermolysis (2000–2500/cm2, 15 mJ/microbeam) to
topical triple combination cream in the treatment of melasma. Unfortunately, 31%
of laser-treated patients developed PIH after 2 or more treatments (FST III or
higher). At 6 months follow-up, the majority of patients preferred triple topical
treatment [24]. In a subsequent randomized controlled trial, Kroon et al. found no
significant difference between patients treated with fractional photothermolysis
(2000–2500 MTZ/cm2, 10 mJ/microbeam) compared to triple topical therapy, and
no patients developed PIH [23]. The difference in PIH rates may be partially
attributable to the higher energy level used in the Wind et al. study
(15 mJ/microbeam) [52]. However, patients in several other studies where even
lower energy levels (i.e., 6–12 mJ/MTZ) were used still developed PIH [86, 89].

Additional uses of fractional photothermolysis include scar treatment and pho-
toaging [48, 78]. Cho et al. compared the efficacy of a 1550 nm er:Glass fractional
laser (200 spots/cm2, 25–32 mJ/MTZ) versus a 10,600 nm CO2 fractional laser
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(100–150 mJ fluence, 100–120 spots/cm2) in treating surgical scars (n = 36),
posttraumatic scars (n = 42), burn scars (n = 10), acne scars (n = 5), and scars after
cutaneous diseases (n = 7) in a Korean population (FST III-IV). Follow-up at
3 months after the last treatment sessions (1–12 sessions at 1.5–2 month intervals)
revealed that 57.5 and 11.3% of patients showed marked or near-total improvement,
respectively. There were no significant differences in efficacy between the 2 types
of lasers, and side effects included only transient PIH and erythema. Interestingly,
the results did not differ by scar type, but scars <3 years old responded better [48].

Two small studies (n = 10, 20) conducted in an East Asian population using a
1440 nm fractional diode-based laser, and a 1550- and 1565-nm er:glass fractional
laser, respectively found these devices to be effective in treating signs of pho-
toaging. The 1440 nm fractional diode-based laser resulted in mild improvement in
texture, pigmentation, and wrinkles, with only one case of transient PIH [25].
Similarly, both the 1550- and 1565-nm er:glass fractional laser were equally effi-
cacious in decreasing the area and degree of periorbital rhytides [26].

Anecdotal evidence from case reports suggests that fractional photothermolysis
can also treat PIH, minocycline-induced hyperpigmentation, and DPNs. One patient
(FST IV) with PIH achieved near-complete clearance (>95%) after 3 treatment
sessions (15 mJ/microbeam, 880–1100 MTZ/cm2) [29]. Another patient with
minocycline-induced facial pigmentation was almost completely cleared after 4
sessions without any complications [12]. Lastly, a Pakistani woman with DPNs
experienced 75% improvement after 3 treatment sessions with no post-procedural
complications at 1-month follow-up [41]. Although these case reports are promising
for future applications of fractional photothermolysis, they are limited by small
sample sizes and short follow-up periods.

As PIH is one of the main drawbacks to fractional photothermolysis in darker
skinned populations, Chan et al. studied the risk factors that predispose toward the
development of PIH among Asians treated with fractional resurfacing. The authors
found that high treatment density, high energy level, small anatomical treatment
site, and inadequate epidermal cooling were associated with PIH. These risks can be
reduced by using adjunctive cooling methods, decreasing treatment density,
reducing the number of passes, and lengthening treatment intervals (i.e., 4–6 weeks
vs. 1–2 weeks) [90].

Overall, fractional photothermolysis should be used with caution as it carries a
high risk of PIH in skin of color and can have lower tolerability [91]. It may also
cause acneiform eruptions, herpes simplex virus outbreaks, erosions, and prolonged
erythema and edema [92].

Post-treatment

After laser treatment, topical corticosteroids can be prescribed to reduce inflam-
mation and prevent PIH. Potentially irritating topicals (i.e., tretinoin, alpha hydroxy
acids) should be avoided during the immediate posttreatment period. As always,
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photoprotection with sunscreen SPF � 30 is essential to maintaining results and
preventing relapse of UV-related dyschromias.

Conclusion

Laser therapy can be an effective treatment for dyschromias, photoaging, vascular
lesions, scars, hair removal, and epidermal pigmented lesions in skin of color. In
particular, hyperpigmentation continues to be a major concern for the skin of color
population. While lightening agents and chemical peels remain first- and
second-line agents, respectively, lasers can be an effective third-line agent when
used appropriately. Adherence to pretreatment regimens, along with the use of
appropriate laser and laser parameters can help reduce the risk of adverse events.
Although it is often challenging for clinicians to provide laser therapy to darker
skinned individuals, with proper patient selection and appropriate laser parameter
settings, safe and effective treatment can be rendered.
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Chapter 26
Cultural Considerations

Rechelle Z. Tull and Steven R. Feldman

The United States is becoming increasingly racially and ethnically diverse.
Currently, 38% of the population, and the majority of immigrants are people of
color. However, by 2044, ethnic and racial minorities will comprise over half of the
population [1]. With this demographic shift and the resultant increase in people of
color seeking dermatological care, it is important to consider how historical,
socioeconomic, and cultural factors can hinder the delivery of care, leading to
health disparities for these populations [2]. Treatment adherence greatly affects
health outcomes; thus, it is an important factor in delivery of care. In addition, the
common use of complementary and alternative medicine (CAM) among minority
groups can alter medication utilization, impact treatment outcomes, and result in
harmful sequelae [3]. Moreover, given the required continuous control necessary to
treat many chronic dermatoses—including psoriasis, cutaneous lupus, and acne—
treatment adherence is crucial to achieving positive clinical outcomes [4–6].

Cultural Competency in Dermatology

As the United States demographics evolve and the patient population becomes
increasingly diverse, it is important for dermatologists to provide empathetic,
equitable, and culturally competent care [7]. Cultural competency is defined as “the
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ability of an organization or an individual within the healthcare delivery system to
provide effective, equitable, understandable, and respectful quality care and services
that are responsive to diverse cultural health beliefs and practices, preferred lan-
guages, health literacy, and other communication needs of the patient” [8].
Culturally competent care not only enhances the patient–provider relationship but is
also key to reducing ethnic and racial health disparities [8, 9].

Dermatologists should understand that culture can influence a patient’s under-
standing of disease, physician trust, and treatment compliance. However, physician
trainees are often not adequately trained in cultural competency [10]. Circumventing
issues regarding culture, race, and/or ethnicity may seem prudent to avoid unwill-
ingly offending a patient. However, cultural traditions, beliefs, and social norms can
significantly impact health behaviors. Furthermore, historical factors, including
immigration, assimilation, poverty, language barriers, and racism, can affect patient
perspectives and practices [11]. Lack of cultural competency can negatively affect
patient–physician communication leading to medical errors, decreased patient sat-
isfaction, poor physician trust, and medication nonadherence [7].

Dermatologists should understand that certain health practices, beliefs, and
concerns are more prevalent among specific cultural groups. However, culture is
not always just defined by race or ethnicity, but rather explained within the context
of a group of people, community, kin, or country [12]. In Latino and Asian com-
munities, use of CAM, such as traditional herbal remedies, can lead to delays in
seeking medical care, compromise prescribed treatment regimens, and result in
hypersensitivity reactions [3, 13–16]. Specific CAM practices in Asian communi-
ties, including coining, cupping, and moxibustion, may be mistaken as abuse. In
Asian cultures, fair skin is often desired as a sign of socioeconomic status. Patients
in this group avidly use sunscreen, parasols, and seek treatment to lighten the skin
[14]. Potentially damaging hair practices, including use of hotcombs, chemical
relaxers, and high tractional styles, are prevalent among African American. These
practices often begin in early childhood and are associated with scalp irritation,
folliculitis, and alopecia [17].

Cultural competency is essential to providing quality health care and improving
patient outcomes, especially among the growing minority patient population [7].
Open-minded acknowledgement of cultural differences and incorporation of cul-
tural knowledge can advance patient–physician communication and patient com-
pliance [7, 8]. Discussing, rather than dismissing, cultural health practices and
beliefs can support a positive therapeutic relationship [11]. Patients may be reluc-
tant to initiate this discussion and anticipate a negative response. However, asking
open questions, showing nonjudgmental interest, and respectfully listening to
patient concerns, is consistent with patient-centered practice. In this setting, patients
are more likely to reveal perspectives regarding their health, discuss use of CAM,
and participate in medical decision-making [18, 19].
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Importance of Medication Adherence

Treatment adherence is defined as the extent to which patients use their medication
as prescribed by their healthcare provider [20]. When patients take their medication
as directed, they receive its full benefit, leading to improved clinical outcomes and
reduced overall healthcare costs [20–22]. In contrast, poor adherence can have
significant individual, public health, and economic implications, including disease
exacerbation, adverse clinical events, increased healthcare costs, and mortality [2,
23]. Poor medication adherence is a relatively prevalent phenomenon. Researchers
estimate 20–30% of medication prescriptions are never filled and average adherence
to long-term therapy is 50% [24]. Estimated adherence rates for dermatological
medication range from 55 to 66% [25]. Furthermore, adherence to topical medi-
cations is lower than to systemic medications [26, 27].

Improper medication adherence is a multifaceted behavioral problem heavily
influenced by the patient. However, healthcare providers and healthcare systems
also factor into this issue [20]. One patient factor that underlies nonadherence is
cognitive dysfunction that impairs a patients’ ability to understand the importance
of following a prescribed regimen. Psychological problems, especially depression,
can affect motivation and cause forgetfulness. A lack of medical insurance, an
erratic daily schedule, and emotional factors can also cause patients to deviate from
their prescription. Providers factor into poor treatment adherence by prescribing
complex regimens; ineffectually educating patients about benefits, risks, and
alternatives to medication; inadequately following-up with patients after medication
initiation; cultivating poor patient–provider relationships; and not considering the
cost of medication or patient preference. Health systems can contribute barriers to
adherence by limiting access to health care and insurance coverage, establishing
restricting formularies, and having prohibitively high medication costs and co-pays
[6, 20].

Race, ethnicity, and socioeconomic status may not directly impact rates of
medication adherence [5, 20]. However, cultural and ethnic differences that influ-
ence delivery of care can impact medication adherence. Furthermore, potential
barriers to adherence may have varying impacts on medication adherence in dif-
ferent ethnic groups [28].

Barriers to Dermatologic Medication Adherence in Ethnic
and Racial Minority Populations

Socioeconomic and Health Disparities

Socioeconomic disparities among ethnic and racial minority patients can impact
medication adherence [29]. In 2014, 26% of African Americans, 23.6% of
Hispanics, and 12% of Asians earned at or below the poverty level compared to
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10% of non-Hispanic Whites [30]. Patients of a lower socioeconomic status
(SES) may have fewer financial resources to pay for medications. In one study,
lower SES patients with psoriasis exhibited higher rates of medication nonadher-
ence, which was associated with worse clinical outcomes on biologic therapy
compared to patients of a higher SES [29].

Furthermore, due to higher levels of poverty, minority patients are more likely to
be uninsured or have less comprehensive insurance coverage [28, 31, 32]. In 2014,
Hispanics had the highest uninsured rate, at 20%, followed by 11.8% of African
Americans, and 9.3% of Asians compared to 7.6% of non-Hispanic Whites [31].
Patients with lower SES are more likely to have public insurance, such as Medicaid,
which is associated with poorer health outcomes [13, 32–34].

Patients with limited financial resources and insurance coverage may have
higher co-pays, which can contribute to missed medication doses [29]. In one study,
factors that contributed to poor medication adherence in Black versus White
patients were eliminated after controlling for substantial income disparities between
the two racial groups [5]. More affordable co-pays have been linked to improved
adherence [35].

Implementing the most affordable treatment plan possible may be helpful.
Generic therapies should be utilized when available to decrease costs. The average
retail price of a generic drug is 75% lower than its brand-name counterpart (though
even generic prices have been rapidly increasing). One study revealed that the
average wholesale price of topical corticosteroids is consistently higher than the
mean copayment, regardless of potency and unit size [36]. Thus, patients with no
insurance who resort to paying out of pocket may find medication cost prohibitive.
Such patients may risk exacerbating their disease and developing complications
because they cannot afford their prescriptions [37]. Physicians should inform
patients of sources for affordable drugs and coverage programs so patients do not
forgo treatment leading to possible morbidity and mortality.

Low Health Literacy and Limited English Proficiency

Health literacy is defined as the skillset needed to function in a healthcare system.
Health literacy competencies—speaking and listening effectively, reading, and
understanding printed material, such as prescription bottle labels, and using
numeracy skills—are needed to assure adherence to medication regimens [38].
Approximately, 80 million Americans have some difficulty understanding and
using health information. Furthermore, Black, Hispanic, and multiracial individuals
display lower average health literacy scores compared to White adults [39]. Low
health literacy can impact medication adherence [2, 38]. Patients with low literacy
struggle to identify their medications, understand medication instructions, and
comprehend prescription warning labels [38, 40, 41]. Limited health literacy in
underserved populations is associated with unintentional nonadherence, such as
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forgetting to take medications. This contrasts with intentional adherence, in which
patients make a conscious decision not to take their medication [42].

Patients with limited health literacy are likely to exhibit poor patient–physician
communication, resulting in miscommunication regarding medication regimens and
adverse side effects [42]. For minority patients, physician–patient discordance in
race, ethnicity, or culture can contribute to miscommunication and subsequent
nonadherence [28]. Ethnic and racial minorities report feeling less understood by
their doctors, and Hispanic patients are twice as likely to leave the doctor with
unanswered questions [43].

A major barrier to effective communication is patient–physician language dis-
cordance [44]. About 60.6 million Americans (21% of the U.S. population) speak a
language other than English at home; about 42% (25.3 million) of these individuals
have limited English proficiency (LEP), meaning they self-report speaking English
less than “very well.” The majority of the LEP population speak Spanish (16.2
million, 64% of LEP population). In addition, 6% speak Chinese (1.6 million), 3%
speak Vietnamese (847,000), 2% speak Korean (599,000), and 2% speak Tagalog
(509,000) [45, 46]. Language barriers can cause patients to misunderstand medi-
cation instruction, leading to decreased adherence [29].

Professional interpreters can help patients who have LEP. These patients are
more likely to leave their health encounter with a poor understanding of their
diagnosis and treatment plan [44]. In a fast-paced dermatology office where com-
plex dosing regimens, such as an oral corticosteroid taper, are standard, a language
barrier can cause poor communication, resulting in subsequent improper medication
usage and poor clinical outcome.

Trained medical interpreters are preferred over ad hoc interpreters, including
family members, children, friends, and untrained support staff. Ad hoc interpreters
are not trained in medical terminology and confidentiality, often omit up to half of
all physician questions, and are more likely to commit translation errors with
clinical consequences. In addition, ad hoc interpreters may have motives that are
not in the patient’s best interest [44].

Dermatologists should prescribe medication regimens that suit patients’ life-
styles and cultural preferences. Treatment plans should consist of the simplest
dosing regimen and use the patients’ desired medication vehicle [29]. Though
ointments are thought to have higher potency due to their occlusive nature, patients
who find an ointment cosmetically unacceptable will be less likely to use the
medication as directed [47]. When prescribing scalp treatments for African
American patients, dermatologists should be aware of cultural differences in hair
care practices. For example, it may be difficult for African American female patients
to use a regimen that requires washing their hair more than once per week as half
(50%) of African American women wash their hair biweekly and a minority (43%)
wash their hair weekly [48].

Behavioral and educational strategies should be used to maximize medication
adherence in patients with limited health literacy. Dermatologists can use audio-
tapes, websites, YouTube videos, and language appropriate brochures as resources
for patient education in routine clinical practice. Printed action plans that
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summarize the patient visit and detail the prescribed treatment plan remove the
burden of trying to remember instructions [37]. Dermatologists should strive to
cultivate physician–patient relationships built on patient participation in
decision-making and care, clear explanations of medication benefits and risk, and
physician trust. Furthermore, strong physician–patient relationships are associated
with patient satisfaction, higher health status, and improved adherence [49].

When patients are nonadherent to their medication, dermatologists should avoid
making global judgements based on patient health status, socioeconomic status, or
providers’ inherent cultural or ethnic biases [28]. Instead physicians should non-
judgmentally ask patients how often they miss doses. An open approach may allow
patients to feel comfortable while being forthright about poor adherence. Patients
should be asked to identify barriers to adherence, such as experiencing medication
side effects, patient misconceptions, and their understanding of medication benefits
and risks [20].

Use of Complementary and Alternative Medicine

CAM is defined as healthcare systems, practices, and products that are not part of
conventional modern medicine [50]. The National Health Interview Survey esti-
mated that in 2012, 34% of adults in the United States used CAM [51]. However,
use of complementary remedies is highly prevalent among ethnic and cultural
minority groups. Hispanic women are three times more likely to use herbal
remedies compared to the general population and more likely to use CAM in
substitute of prescribed medications [52, 53]. CAM treatments are primarily paid
for out of pocket and may take away from the patient’s ability to pay for pre-
scription co-pays or physician recommended over-the-counter dermatologic prod-
ucts [43, 50].

CAM is commonly used as adjunctive therapy or replacement for conventional
medical care. However, users are often unaware of possible side effects of CAM
therapies or adverse interactions between complementary treatments and pharma-
ceutical medications [51]. Many patients believe herbal medicines are harmless
because they are “natural” [54]. Unlike prescription medications, alternative ther-
apies are not highly regulated by government agencies. There may be no quality
control measures in place to confirm the purity, concentration, and safety of some
herbal supplements. Manufacturers are restricted from making claims of efficacy;
however, there are no restrictions limiting claims about herbs alleviating issues not
considered medical by regulatory authorities [55].

Fewer than half of CAM users discuss alternative therapy use with their doctor.
African American, Hispanic, and Asian American patients are less likely to disclose
their use of CAM compared to non-Hispanic White patients [56–59]. Major reasons
patients refrain from discussing CAM use are physicians not inquiring and patients
assuming it is unimportant [46]. Language barriers may also play a role in patients
discussing treatment preferences and patient health. One study observed that among
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Chinese- and Vietnamese-speaking patients at community health centers, fewer
than 8% discussed their use of CAM with their provider [54]. Immigrants may not
disclose information because they cannot find a provider who communicates in
their preferred language and because they are unfamiliar with the American
healthcare system. Patients are more likely to disclose use of CAM when they have
a language-concordant physician [56].

African American patients may be distrustful of conventional medicine due to
historical racial injustices, such as the Tuskegee syphilis study, and seek CAM as an
alternative to the healthcare system [54, 60, 61]. African Americans, who as a group
are more likely to rely on religion than Whites, often use religion as a means of
coping with their disease. However, studies reveal this dependence on religion is
used as a complement to conventional medicine instead of an alternative [28]. In
contrast, many Hispanics believe illness to be a form of divine punishment. A new
diagnosis may induce feeling of guilt or depression. Patients may pray or perform
good deeds as penance in attempts to restore good health [62].

Use of alternative therapies and home remedies is very common within the
Hispanic community. Due to the many healthcare barriers immigrant Hispanic
communities encounter, including LEP, cultural differences, inadequate financial
resources, unreliable transportation, lack of health insurance and documentation,
and fear of the United States’ medical system, Hispanics may turn to home
remedies and over-the counter medicines [16, 63]. Hispanics also can access
prescription-grade pharmaceuticals, such as antibiotics, steroids, and controlled
substances, from Hispanic-owned convenience stores called “tiendas.” In addition,
patients may visit a curandero, or traditional folk healer, for treatment [62].
Although the use and belief in home remedies or curandero therapies over con-
ventional medicine varies based on acculturation, education, and socioeconomic
level, many Hispanics have a strong preference for alternative medicine [62]. In a
study interviewing immigrants from Mexico and across South America, 39%
favored physician medicine but 31% believed the curandero’s medicine was more
effective [64]. Studies reveal that most Hispanics patients (77–80.3%) use CAM to
treat their illnesses because they prefer traditional remedies to conventional medical
interventions [16, 65]. In one survey study of 620 Hispanic patients, over half
(58%) believed that herbs were drugs and only about one-third (35%) believed
herbs could interact with prescription medication [65].

When evaluating possible sequelae of herb use, physicians most also consider
the vehicle and the possibility of contamination. Various substances are reported as
contaminates of herbal medicines, including betamethasone, hydrocortisone,
chlordiazepoxide, dexamethasone, mefenamic acid, methyltestosterone, thiamine,
lead, and other heavy metals [55]. Patients can be exposed to inorganic arsenic from
using alternative remedies. Cutaneous manifestations of chronic arsenic exposure
include arsenical keratosis, macular hypopigmentation and an increased risk of
developing Bowen’s disease, squamous cell carcinoma, and basal cell carcinomas
[66].

Physicians should directly ask patients about their use of alternative therapies in
an open and nonjudgmental manner. It is important for physicians to be aware of
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commonly used alternative therapies and serious side effects so they can inform
patients and possibly diagnose serious sequelae [55]. Racial and ethnic minority
patients may benefit from patient–physician communication regarding CAM use as
cultural beliefs about dermatologic conditions can affect patient decisions regarding
medication use and traditional remedies.

Conclusion

As the United States becomes more diverse, cultural competence is increasingly an
integral component of quality health care. Socioeconomic disparities, low health
literacy, and LEP can negatively impact access to health care, patient–provider
communication, and medication adherence. Furthermore, use of complementary
remedies is highly prevalent among minorities and can alter medication efficacy,
influence treatment adherence, and cause harmful sequelae. It is important for
dermatologists to understand how culture, race, and ethnicity can directly and
indirectly influence healthcare outcomes.
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Food and Drug Administration (FDA), 117,
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pityriasis alba, 218–219
piebaldism, 223
PIHypo, 219–220
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221–223
tinea versicolor, 215–216
vitiligo, 225–227

Hypothalamic–pituitary–adrenal (HPA), 131

I
Idiopathic eruptive macular pigmentation, 292
Idiopathic guttate hypomelanosis (IGH)

age-associated pigmentary changes, 395
hypopigmentation and depigmentation,

disorders of, 216–217
Idiopathic inflammatory myositis, 177
Immediate pigment darkening (IPD), 54
Incobotulinumtoxin A, 398
Individual typology angle (ITA), 53
Infantile acropustulosis (IA), 303
Inflammatory disorders

atopic dermatitis
clinical presentation, 130–131
epidemiology, 129–130
histopathology, 131
pathophysiology of, 130
treatment, 131–132

lichen planus
clinical features, 136–138
epidemiology, 136
histopathology, 138–139
pathogenesis, 136
treatment, 139

psoriasis
clinical manifestations, 133–134
epidemiology, 132
histopathology, 135
pathophysiology, 133
treatment, 135

Inflammatory variants, 147
Infliximab, 372

Intense pulse light (IPL), 202, 399, 455,
456–457

Intermittent CLE (ICLE), 167
Intracellular adhesion molecule 1 (ICAM-1),

219
Intralesional corticosteroids, 376
Intraoral lesions, 88
Intravenous cyclophosphamide (IVC), 172
Irritant contact dermatitis (ICD), 106
Irritation, 30
Isotretinoin, 372
Itraconazole, 155
Ivermectin, 122

J
Jessner’s solution, 444–445

K
Kaposi’s sarcoma (KS), 95–96

AIDS-related, 273
classic and endemic, 273
clinical presentation of, 272
HHV-8 infection, 273
historical, 273–274
transplantation-related, 273
treatment of, 275
types, 273

Keloid scars, 20
clinical presentation, 234–235
epidemiology, 234
genetics, 237–238
histology, 237
hypertrophic scars vs., 235–236
pathophysiology, 238
predisposing factors, 236–237
primary prevention, 240
secondary prevention

ear keloids, 240–241
pressure dressings, 241
radiation, 242–243
silicone gel sheets, 241–242

treatment
botulinum toxin type A, 248
calcium antagonists, 248
chemotherapeutics, 247–248
CO2 treatment, 246
corticosteroids, 243
cryotherapy, 245
Nd:YAG, 246
onion extract, 247
PDL treatment, 245–246
surgical excision, 243–244
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Keratin-associated proteins (KAPs), 321
Keratinocytes, 35, 64, 151, 198
Kerion, 146
Ketoconazole, 150, 216
Kojic acid, 424–425

L
Lactic acid, 441
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Laser treatment
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Nd:YAG, 455–457

fractional photothermolysis, 459–460
intense pulse light, 456–457
PDL treatment, 457–459
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principles, 449, 452
skin of color, special considerations in, 452
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clinical features, 136–138
epidemiology, 136
histopathology, 138–139
pathogenesis, 136
treatment, 139

Lichen planus actinicus, 136
Lichen planus pigmentosus (LPP)

diagnosis and clinical presentation, 204
etiology, 204
histology, 204
management, 204–205
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(LWNH), 289
Linear morphea, 182
Linoleic acid, 68
Lipid milieu, 67
b-Lipohydroxy acid (LHA), 443–444
Lipoxygenases, 151
Liquor carbonis detergents (LCD), 218
Localized scleroderma. See Morphea
Longitudinal melanonychia, 81
Lupus band test, 167
Lymph nodes (LN), 273

M
Major histocompatibility (MHC), 238
Malar rash, 162
Malassezia genus, 150
Malassezia globosa, 151
Male pattern hair loss (MPHL), 335
Mandelic acid, 441
Mask of pregnancy, 200
Mast cells, 42
Maturational hyperpigmentation, 393
Medication adherence, 469
Medulla, 321
Melanin, 218, 219
Melanin dust, 4
Melanoacanthosis, 89
Melanocortin 1 receptor (MC1R), 2, 52
Melanocytes, 215, 216, 217
Melanocytic nevi, 90
Melanocytopenic, 215, 216
Melanoma

clinical presentation, 266–268
incidence, 264
pathogenesis and risk factors, 265
treatment and prognosis, 268–269

Melanopenic, 215, 216
Melasma, 17–18

diagnosis and clinical presentation, 201
etiology, 201
histology, 201–202
management, 202

Melasma Area Severity Index (MASI), 440
Mequinol, 424
Merkel cell carcinoma (MCC), 277–278
Merkel cell polyomavirus (MCPyV), 277
Merkel cells, 36
Methotrexate, 177, 183
8-Methoxypsoralen (8-MOP), 220
5-Methyltetrahydrofolate (5-MTHF), 3
Metronidazole, 117
Microdermabrasion, 427–428
Microneedling, 428
Microscopic epidermal necrotic debris

(MEND), 459
Microsporum audouinii, 145
Microsporum canis, 145
Minimal erythema dose (MED), 40, 53
Minimal melanogenic dose (MMD), 55
Minocycline, 113, 177, 376
Minor aphthous ulcers (MiAU), 97
Mitomycin, 247
Mixed morphea, 182
Morphea

clinical presentation, 181–182
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Morphea (cont.)
histology, 182
prevalence in, 181
treatment, 183

Mucosal lesions
mucosal areas, physiologic variation in,

87–88
nonpigmented oral lesions

actinic prurigo, 96
Kaposi’s sarcoma, 95–96
leukoedema, 92–93
squamous cell carcinoma, 94–95
submucous fibrosis, 93

oral pigmented lesions
amalgam tattoo, 90
drug-induced hyperpigmentation, 91,

92f
melanoacanthosis, 89
melanocytic nevi, 90
oral mucosal melanoma, 91
oral melanotic macules and lentigines,

88
post-inflammatory hyperpigmentation,

92
smoker’s melanosis, 89–90

oral ulcers
Behҫet’s disease, 98–99
pemphigus vulgaris, 97–98
recurrent aphthous stomatitis, 97

Multisystem inflammatory disorder, 183
Mycophenolate mofetil (MMF), 172
Mycosel, 147
Mycosis fungoides (MF), 221, 270
Myofibroblasts, 237

N
N-acetyl glucosamine (NAG), 426
Naked skin, evolution of, 1–3

disadvantages, 2
folate, photodegradation of, 3
hair loss, 1–2
MC1R locus, 2

National Ambulatory Medical Care Survey
(NAMCS), 114, 372

Natural moisturizing factor (NMF), 67 70
Neurocutaneous melanosis (NCM), 291
Neurotoxin injection, 413
Neutrophilic scarring alopecias, 346–348
Niacinamide, 426
Nodulocystic acne, 1046
Non-Hodgkin lymphomas (NHL), 270
Non-melanoma skin cancer (NMSC), 257, 258
Nonpigmented oral lesions

actinic prurigo, 96

Kaposi’s sarcoma, 95–96
leukoedema, 92–93
squamous cell carcinoma, 94–95
submucous fibrosis, 93

Nonpustular psoriasis, 133
Nonscarring alopecia

androgenetic alopecia, 335, 337, 338
anti-androgenic agents, role of, 339
FDA-approved medication, 338
female pattern hair loss, 336, 336f
histopathologic examination, 336
laser phototherapy, 339
male pattern hair loss, 335
platelet-rich plasma, 339
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O
Oculocutaneous albinism (OCA), 224–225
Onabotulinumtoxin A, 397
Oral cancer, 94
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Oral mucosal hyperpigmentation

mucosal melanosis, 79–80
oral melanotic macules, 80
treatment of, 80

Oral mucosal melanoma (OMM), 91
Oral pigmented lesions
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drug-induced hyperpigmentation, 91, 92f
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melanocytic nevi, 90
oral mucosal melanoma, 91
oral melanotic macules and lentigines, 88
post-inflammatory hyperpigmentation, 92
smoker’s melanosis, 89–90
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Behҫet’s disease, 98–99
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recurrent aphthous stomatitis, 97

Oropharyngeal cancer, 94, 95
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Palmar/plantar melanotic macules, 81
Pansclerotic morphea, 182
Papillary dermis, 42
Papulosquamous disorders

lichen planus, 299
pityriasis rosea, 298–299
psoriasis, 298

Patterned pigmentation, 288–290
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289
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hyperpigmentation, 289
Pediatric dermatology
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acne vulgaris, 300
periorificial dermatitis, 300

birthmarks
café-au-lait macules, 288
dermal melanocytosis, 286–288
patterned pigmentation, 288–290

dermatitis
allergic contact dermatitis, 297
atopic dermatitis, 295, 295–297
seborrheic dermatitis, 297–298

hair disorders
piedra, 302
tinea capitis, 301–302
traction alopecia, 301
trichorrhexis nodosa, 301

late-onset and secondary
hyperpigmentation
Becker’s nevus, 291
friction hypermelanosis, 292
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pigmentation, 292
postinflammatory hyperpigmentation,
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reticulate hyperpigmentation, 293
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clear cell papulosis, 294–295
pityriasis alba, 294
postinflammatory hypopigmentation

and depigmentation, 293
progressive macular hypomelanosis,

294
vitiligo, 293–294
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infantile acropustulosis, 303
transient neonatal pustular melanosis,

303
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lichen planus, 299
pityriasis rosea, 298–299
psoriasis, 298
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pigmented nevi

congenital melanocytic nevi, 291
nail matrix, melanonychia and nevi of,
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Pediatric malignancies, 303–304
Peeling agents
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phytic acid, 441–442
pyruvic acid, 442

beta-hydroxy acids
b-lipohydroxy acid, 443–444
salicylic acid, 442–443

Jessner’s solution, 444–445
retinoids, 445
trichloroacetic acid, 444

Pemphigus vulgaris, 97–98
People of color (POC), 257
Periorbital hyperpigmentation (POH),

394–395, 406–407
definition/clinical presentation, 77
etiology, 78
treatment, 78

Periorificial dermatitis, 300
Persistent pigment darkening (PPD), 54
Photoaging, 409
Photodermatoses, 56–57
Phototherapy, 135
Physiologic longitudinal melanonychia, 81–82
Physiologic pigmentation

acquired idiopathic pattern facial
pigmentation, 79

genitals, melanotic macules of, 80
newborn, 75–76
oral mucosal hyperpigmentation

mucosal melanosis, 79–80
oral melanotic macules, 80
treatment of, 80

palmar/plantar melanotic macules, 81
pigmentary demarcation lines

clinical course and treatment, 77
clinical presentation, 76
epidemiology, 76
etiology, 77

periorbital hyperpigmentation
definition and clinical presentation, 77
etiology, 78
treatment, 78

physiologic longitudinal melanonychia,
81–82

Phytic acid, 441–442
Phytophotodermatitis, 56
Piebaldism, 223
Piedra, 302
Pigmentary demarcation lines (PDLs)

clinical presentation, 76
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etiology, 77
clinical course and treatment, 77

Pigmentary mosaicism. See Patterned
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Pigmentation, disorders of. See also Skin
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melasma, 17–18
vitiligo, 15–17

Pigmented nevi
congenital melanocytic nevi, 291
nail matrix, melanonychia and nevi of, 290

Pityriasis alba (PA), 218–219, 294
Pityriasis rosea (PR), 298–299
Pityriasis versicolor. See Tinea versicolor (TV)
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Platelet-rich plasma (PRP), 339
Polymethylmethacrylate (PMMA), 114
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Post-inflammatory hyperpigmentation (PIH),
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diagnosis and clinical presentation, 198
etiology, 198–199
histology, 199
management, 199

Post-inflammatory hypopigmentation
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Pre-vitamin D3, 5
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Prophylactic therapy, 216
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pathophysiology, 360
treatment, 362–364
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clinical manifestations, 133–134
epidemiology, 132
histopathology, 135
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treatment, 135

Psoriatic arthritis, 134
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QS alexandrite lasers (QSAL), 454
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Quality of life (QOL), 14
Quality-switched (QS) lasers, 399

R
Raynaud’s phenomenon, 177
Reactive oxygen species (ROS), 3, 51
Recurrent aphthous stomatitis (RAS), 97
Resorcinol, 376
Reticulate hyperpigmentation, 293
Retinoid dermatitis, 106
Retinoids, 106, 445
Rimabotulinumtoxin B, 398
Rosacea
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brimonidine gel, 122
calcineurin inhibitors, 122
chronic inflammatory disorder, 114
clinical manifestations of, 115
clinical trials, 117
differential diagnosis of, 116
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FACE syndrome, 117
general facial skin care recommendations

for, 117
granulomatous rosacea, 116
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oral antibiotic, 123
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post-inflammatory hypopigmentation, 116,

116f
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rebound erythema, 122
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topical metronidazole, 117

Ruby laser, 453–454

S
Salicylic acid (SA), 442–443
Salt and pepper sign, 175
Sarcoidosis, 21–22

clinical features, 184–187
diagnostic workup and histology, 187–188
incidence, 184
morbidity and mortality, 188
multisystem inflammatory disorder, 183
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pathogenesis, 183–184
treatment, 188–189

Sarcoidosis Health Questionnaire (SHQ), 22
Scalp microbiome, 324
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clinical, 341
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etiology of, 340
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pathogenesis, 340
systemic anti-inflammatory agents, 342
treatment of, 342

chronic cutaneous DLE, 345–346
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clinical, 343
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treatment of, 345

Scleroderma. See Systemic sclerosis (SSc)
Sebaceous glands, 44
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Seborrheic keratoses, 392
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Senile angioma. See Cherry angioma
Sentinel lymph node biopsy (SLNB), 268
Silicone gel dressings, 411
Silicone gel sheets (SGS), 241–242
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Skin aging, 30–31

features of
age-associated pigmentary changes,

391–395
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395–396
intrinsic and extrinsic aging, 390–391
photoaging, 391

photoprotection and aging prevention
chemical peels, 398
dermal fillers, 397
intense pulse light, 399
melanin protection, 396
neuromodulators, 397–398
QS lasers, 399
side effects and treatment

considerations, 399–400
physiologic and structural properties of,

390

Skin barrier, 67
Skin biopsies, 138

dermatomyositis, 180
Skin cancer

basal cell carcinoma
clinical presentation, 263
pathogenesis, 262
pathology, 263–264
treatment, 264

cutaneous lymphoma
B-cell lymphoma (CBCL), 272
hypopigmented mycosis fungoides,

271, 272f
mycosis fungoides, 270, 271
non-Hodgkin lymphomas, 270
T-cell lymphoma (CTCL), 270

dermatofibrosarcoma protuberans, 275–276
hypothesis, 2
Kaposi’s sarcoma

AIDS-related, 273
classic and endemic, 273
clinical presentation of, 272
HHV-8 infection, 273
historical, 273–274
transplantation-related, 273
treatment of, 275
types, 273

Merkel cell carcinoma, 277–278
melanoma

clinical presentation, 266–268
incidence, 264
pathogenesis and risk factors, 265
treatment and prognosis, 268–269

non-melanoma skin cancer, 258
squamous cell carcinoma

clinical presentation, 260–261
pathogenesis, 259
treatment, 261

Skin disease
pigmentation, disorders of

melasma, 17–18
vitiligo, 15–17

sarcoidosis, 21–22
Skin of color

acne, pathogenesis of, 104
dermatomyositis

clinical presentation, 179–180
diagnosis of, 179
epidemiology, 178
histology, 180
pathogenesis, 178–179
prognosis and mortality, 180
treatment, 180–181

morphea
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treatment, 183

mucosal lesions in.(See Mucosal lesions)
naked skin, evolution of, 1–3
sarcoidosis

clinical features, 184–187
diagnostic workup and histology,

187–188
incidence, 184
morbidity and mortality, 188
multisystem inflammatory disorder, 183
pathogenesis, 183–184
treatment, 188–189

skin aging. (See Skin aging)
skin pigmentation

concept of, 6–8
folate, photosensitivity of, 3
Homo sapiens, 4–6
primary role of, 3
skin cancer hypothesis, 2–3
UVR, 2

systemic lupus erythematosus
CLE, epidemiology of, 162
clinical presentation, 163–167
diagnosis of, 163
disease severity, 168–170
epidemiology of, 168
histology of, 167
immunopathologic features of, 167
pathogenesis, 162–163
survival and mortality, 170–171
treatment, 171–172

systemic sclerosis
cutaneous and systemic features,

174–175
diagnosis of, 174
disease severity and mortality, 176–177
epidemiology of, 173
histology, 175
pathogenesis, 173–174
serologic markers in, 176
treatment, 177

tinea capitis .(See Tinea capitis (TC))
tinea nigra. (See Tinea nigra)
tinea versicolor. (See Tinea versicolor

(TV))
Skin phototype system (SPS), 53
Skin pigmentation

color-based race, concept of, 6–8
folate, photosensitivity of, 3
Homo sapiens

MC1R gene, 5

melanin dust, 4
pre-vitamin D3, 5
skin color phenotypes, 6
UVB than UVA, 4

primary role of, 3
skin cancer hypothesis, 2–3
UVR, 2

Skindex 29, questionnaire, 14
Smoker’s melanosis (SM), 89–90
Socioeconomic status (SES), 470
Sodium lauryl sulfate (SLS), 30
Solar lentigines, 395
Soy, 425
Squamous cell carcinoma (SCC), 94–95, 258

clinical presentation, 260–261
pathogenesis, 259
treatment, 261

Staphylococcus epidermidis., 112
Steroid-sparing agents, 181
Stratum corneum (SC), 27

architecture of, 64–67
black and white skin, differences of, 36, 37t
ceramides, 38
compartments, 36
factors influencing, 70
homeostatic biochemical barrier, 67–68
lipid composition of, 36
lipid-rich membrane, 36
skin irritation, 37
skin pH, 38
transepidermal water loss, 36–37
water content, 38
water-holding capacity .(See Water-holding

capacity)
Striae distensae (SD), 411
Subacute cutaneous lupus erythematosus

(SCLE), 164
Subcutis, 43
Submucous fibrosis, 93
Sun protection factor (SPF), 40, 55, 58
Superficial spreading melanoma (SSM), 266
Surveillance, epidemiology, and end results

(SEER), 264
Systemic glucocorticoids, 183
Systemic lupus activity measure (SLAM), 169
Systemic lupus erythematosus (SLE)

cutaneous lupus erythematosus,
epidemiology of, 162

clinical presentation
acute cutaneous lupus erythematosus,

164
categories, 163
chronic cutaneous lupus erythematosus,
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diagnosis of, 163
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survival and mortality, 170–171
treatment, 171–172
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disease severity and mortality, 176–177
epidemiology of, 173
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pathogenesis, 173–174
serologic markers in, 176
treatment, 177
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Terbinafine, 149, 216
Thermal relaxation time (TRT), 452
Thiopurine methyltransferase (TPMT), 132
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Tinea capitis (TC), 301–302

clinical presentation
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diffuse pustular, 146
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inflammatory variants, 147
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scarring alopecia, 147

differential diagnosis, 148
epidemiology, 144
fungal infection, 143
pathogenesis, 145
treatment, 149–150
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microscopy, 147
pathology, 148
wood’s lamp, 147
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Tinea versicolor (TV)

clinical features, 152–153
diagnosis, 153
differential diagnosis, 153
epidemiology, 150–151
hypopigmentation and depigmentation,

215–216
pathogenesis and etiology, 151–152
treatment

antifungal agents, 155
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prophylactic regimens for, 155t
spectrum antifungal medication, 154
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chemical sunscreens, 419
combination therapy, 423
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419t
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kojic acid, 424–425
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soy, 425
sun protection factor, 418
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Traction alopecia (TA), 301
behavioral modification, 345
clinical, 343
dermoscopic findings, 344
differential diagnoses for, 344–345
frontal alopecia, 344
histopathology, 344
risk of, 343
treatment of, 345

Transepidermal water loss (TEWL), 28, 29,
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Transforming growth factor-b (TGF-b), 238
Transforming growth factor b1 (TGF-b1), 173
Transient neonatal pustular melanosis (TNPM),
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Tricholosporum violaceum, 145
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Trichophyton tonsurans, 143, 145
Trichorrhexis nodosa, 301
Trichrome vitiligo, 293
Tuberous sclerosis, 223
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Ultraviolet radiation (UVR), 201

biological effects of
UVA, 50–51
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clinical effects of, 54–58
Ultraviolet (UV) rays, 40. See also Ultraviolet

radiation (UVR)
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darker skin types, 51
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photoaging, 54–55
pigmentation, 54

UVA protection factor (UVAPF), 55
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darker skin, 52–53
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pigmentation, 55–56

V
Varicosities, 409–410
Vascular endothelial growth factor (VEGF),
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Visible light (VL), 53

erythema and pigmentation, 56
ultraviolet radiation, biological effects of,
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Vitamin D, 41, 396
Vitamin D3, 4
Vitiligo, 15–17, 223, 225–227, 293–294
Vogt-Koyanagi-Harada syndrome, 223
Voight’s lines, 289
Volar melanotic macules, 81

W
Waardenburg syndrome, 223
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factors influencing, 70
intercellular lipids, 69–70
natural moisturizing factor, 70
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X
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Y
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Zinc, 372
Zinc-finger neural crest transcription factor,
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Zinc sulfate, 370, 371, 379
Zinc supplementation, 377
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