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ABSTRACT

The skin is a complex organ involved in thermoregulation, gas exchange, protection against pathogens, and barrier
function to maintain proper hydration. When dry, the ability for skin to execute these tasks becomes impaired. Dry skin
affects almost everyone as we age, but it is also dependent on external factors, such as dry climate, colder temperatures,
and repeated washing. In addition, increasing evidence has shown racial variability in the physiological properties of skin,
which directly impacts water content of the stratum corneum and sensitivity to exogenously applied agents. A multitude
of products have been developed to treat dry skin, and as a group, moisturizers have been designed to either impart or
restore hydration in the stratum corneum. Given the large number of moisturizers presently available, depending on
individual components, several different mechanisms may be employed to promote skin hydration. As there exists
dramatic racial variability in skin properties, certain moisturizers may thus be more effective in some and less effective
in others to treat the common condition of dry skin. (J Clin Aesthet Dermatol. 2014;7(6):256-32.)

as we age."” Common sites of involvement include the

shins, lower flanks, and posterior axillary line, but in
more severe cases, the face and neck may also be affected.
Dry skin, also known as xerosis cutis or asteatosis, can result
in a rough, scaly quality to the skin. When mild, it can be
relatively asymptomatic, but when more pronounced, it may
be associated with inflammation and superficial cracking
causing unpleasant itching, stinging, and general discomfort.?
In theory, any break in the skin barrier can potentially
predispose patients to cutaneous infections. Dry skin has
long been noted to be linked to various exogenous factors,
such as dry climates, colder winter months, and excessive
showering or bathing.*” Other factors, such as exposure to
various alkali and detergents, particularly in patients with
dispositional skin irritability, can serve as a trigger or worsen
the ability for skin to maintain moisture.

While ambient and lifestyle factors have been strongly
associated with severity of dry skin, various endogenous
factors have also gained attention. Malnutrition, renal
insufficiency, and hereditary conditions, such as ichthyosis
vulgaris and atopy, may also contribute to loss of skin
moisture.! Along these lines, racial differences in skin
properties may also explain some of the disparity in dry skin

Dry skin occurs worldwide, with increasing frequency

and may provide insight into differences in management for
this dermatological disorder. Recent studies have now
elucidated multiple racial variations in anatomical and
physiological qualities, which, not surprisingly, may alter a
disease process or treatment approach.® With respect to dry
skin, racial differences in water loss, water content, lipid
content, and skin reactivity have been correlated with
disease severity.t

Treatment of dry skin involves the elimination of
aggravating factors, and when unrelenting, may sometimes
require a course of topical corticosteroid treatment.! More
commonly, though, attention to proper skin care with regular
use of moisturizers is stressed.** However, the marketplace is
flooded with a great number of products, each containing
different components, and selection of the most effective
moisturizer may be difficult. Furthermore, given the
physiological variations in skin among different races, an
ideal muoisturizer for one patient may be less useful for
another. As billions of dollars are spent yearly on these
products, a better understanding of how moisturizers work is
thus critical.* This review will therefore focus on the
pathogenesis of dry skin, racial differences in skin properties,
and how these may impact selection of an optimal strategy to
maintain skin moisture.
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increase susceptibility of skin
to muoisture loss, particularly
during drier months.” In
addition, Engelke et al®
reported decreased epidermal
prolif-eration in aged, dry skin
relative to young, normal skin.?
Significant changes in ex-
pression of various Kkeratins
were also noted, with decrease
in keratins K1 and K10 and
increase in basal keratins K5
and K14 detected in dry skin
samples.” Finally, in patients
with dry skin, investigations
have shown premature ex-
pression of involucrin, a
protein component that be-
comes cross-linked to corneo-

Figure 1. Mechanisms of xerosis. Normal skin contains lower levels of histamine and inflammatory
cytokines compared to dry skin. Premature expression of involucrin, a protein that forms a
protective envelope around corneocytes, has been implicated in the pathophysiology of dry skin. In
addition, xerotic skin has been shown to contain higher levels of keratin 5 and 14 and lower levels of
keratin 1 and 10 compared to normal skin. The schematic on the right shows the cracked stratum
corneum that is characteristic of dry skin and associated with decreased water content (blue

spheres) and increased involucrin cross-linking (yellow crosses).

cyte (the cell type in the
stratum corneum) cell mem-
branes, thus increasing
cellular stiffness.>'™®  Col-
lectively, these findings are
believed to promote corneo-
cyte retention and impair
barrier recovery of the horny

PATHOGENESIS OF DRY SKIN

Dry skin occurs worldwide and may affect patients of all
ages, but it can probably be found in almost all patients over
the age of 60.2® Skin barrier function resides primarily within
the top layer of the epidermis, also known as the stratum
corneum or “horny layer.” While important for
thermoregulation, gas exchange, and protection against
pathogens, this external-most layer also serves to maintain
proper hydration.”"" At birth, the water-handling properties
of infant skin are unique and distinct from adults. Though
considerably drier during the first month of life, over the next
two years, water content in the skin significantly increases,
and the stratum corneum that is initially rough becomes far
smoother.’*" This occurs despite lower production levels of
sebum and natural moisturizing factor (NMF"), a hydroscopic
mixture of amino acids, urea, and other compounds."™*

In adults, though deficient production of sebum may
contribute to the development of xerosis, a more complex
dysfunction of the horny layer is likely responsible for dry
skin. By evaluating skin from young and aged patients,
Ghadially et al'® found marked abnormalities in barrier
integrity and barrier repair associated with dry skin. While
the relative distribution of ceramides, cholesterol, and free
fatty acids were similar, functional skin changes were
attributed to global deficiency in all key stratum corneum
lipids, resulting in decreased lamellar bilayers in the stratum
corneum interstices with age.’ Studies employing high-
performance gas chromatography have also shown altered
ratios of fatty acids esterified to ceramide 1, which may

layer. Furthermore, these
physiological changes con-
tribute to reduced water-binding capacity of the skin.

As the stratum corneum dries out, loss of pliability occurs
along with formation of small cracks.! This leaves the skin
surface dull, rough, and scaly in appearance. Fine bran-like
scales may also be released as powdery clouds during
removal of clothing? When more advanced, a criss-cross
pattern of superficial cracks may be seen appearing like a
“dried river bed.” In the most advanced stages, oozing,
crusting, and abundant scratch marks can be noted.? Dry skin
may frequently be associated with itching and stinging, both
of which may be caused by direct stimulation of cutaneous
nerve fibers.! Symptoms can also be exacerbated by release
of histamines and other proinflammatory cytokines
secondary to barrier perturbation, mechanical scratching and
rubbing, or by the application of irritating or sensitizing
substances (Figure 1).! While mild xerosis may clear within a
few days of treatment with moisturizers, more severe cases,
such as those seen in atopic patients, may require prolonged
therapy with topical corticosteroids. However, in either
situation, regular use of occlusives, humectants, emollients,
and/or rejuvenators is necessary to minimize relapses.* In
addition, use of bath oils and the elimination of factors
aggravating dry skin are critical for the treatment of any
patient with xerosis.*

RACIAL DIFFERENCES IN SKIN PROPERTIES
Though dry skin can be found in people of all races, the

severity of xerosis can vary quite widely. Because of this, over

the past decades several groups have begun attempting to
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TABLE 1. Differences in racial skin properties

TRANSEPIDERMAL WATER CERAMIDE SKIN
WATER LOSS CONTENT LEVEL REACTIVITY
Black skin ++ + ¥
Caucasian skin + ++ ++
Asian skin +H+ +++ +H S

decipher some of the underlying differences in skin structure
and function. Most obviously, racial differences in skin color
secondary to the presence of melanin has been shown to
influence the rate of sun-related skin changes, with
Caucasians showing earlier onset of photoaging compared to
other subjects.”* Many studies have also described the
influence of skin pigmentation on the accumulation of natural
age-related changes.*** When considering that the
incidence of xerosis increases with maturity, it is therefore
not surprising that racial differences in skin properties may
significantly influence the ability for skin to retain moisture.*
Unfortunately, many early investigations on the physical and
biochemical properties of skin that affect moisture retention
were performed primarily on Caucasian skin.® Furthermore,
studies evaluating racial differences have typically been small
scale, and in some reports, inter-individual differences
related to inconsistencies in anatomical study site were found
to be greater than any racial differences observed.*** More
recent investigations have therefore stressed the use of
objective measurements to accurately report racial
differences in skin properties. These have included
transepidermal water loss, water content, ceramide level, and
skin reactivity (Table 1).

Transepidermal water loss. One of the main roles for
the stratum corneum is to maintain an effective barrier
against loss of moisture. At any given time, the total amount
of water that escapes through the skin is composed of water
from imperceptible losses and active sweating.** However,
studies focusing on the ability for skin to maintain moisture
have relied on evaluation of transepidermal water loss, which
has been defined as only the total amount of water vapor loss
through skin when there is no sweat gland activity.”” This
measure has become one of the most frequently employed
determinants of racial skin differences.

Investigations reporting on transepidermal water loss in
patients of different races have unfortunately yielded
conflicting results, but when collectively interpreting all
available data, most studies support some differences
between Black, Caucasian, and Asian skin. Using skin
harvested from cadavers, Wilson et al*® observed significantly
higher transepidermal water loss in African-American skin.
By employing an én wvitro model, variability in ambient
humidity and temperature as well as eccrine sweating could
be eliminated. Transepidermal water loss was found to be

2.79pg/cm*h in Africa-American skin compared to 2.61
ng/cm*h for Caucasian skin.® These findings were
subsequently confirmed by an #n vivo study applying 0.5%
and 2.0% sodium lauryl sulfate, a water-soluble irritant, prior
to measuring transepidermal water loss.* In this
investigation, Berardesca and Maibach® determined passive
water vapor loss to be 2.7-fold higher in Black skin relative to
Caucasian skin.

Contrasting these studies, data regarding transepidermal
water loss among Asians have been less conclusive.
Comparing skin in similarly aged Japanese and German
women, no significant differences could be detected in
transepidermal water loss following patch testing on the
forearm with 0.256% and 0.5% sodium lauryl sulfate.® This
was similarly noted in a more recent study evaluating other
skin sites, including cheek, dorsal hand, and inner arm in
Japanese and French patients.” Interpretation of these data,
however, must take into account ambient humidity, which
can dramatically alter observations. Contrasting these
findings, Kompaore et al reported the highest skin
permeability in Asians relative to Black and Caucasians,
especially following removal of the stratum corneum by tape
stripping.** Rather than directly contradicting previous
studies, though, what this observation may demonstrate is
that Asian skin has the poorest barrier function upon
mechanical challenge. Nonetheless, these data highlight
racial differences in skin barrier function, as measured by
transepidermal water loss. These findings have important
implications for the ability of different skin types to withstand
and recover from exogenous insults, absorb topical
therapeutic agents, and to maintain moisture under various
physiological conditions.

Water content. Investigations measuring skin moisture
or hydration have determined water content using a variety
of quantitative methods. Skin capacitance, conductance,
impedance, and resistance have all been employed, making
comparison of different studies challenging. Stratum
corneum high in water content is associated with increased
capacitance and conductance due to changes in the electrical
properties of skin.** In contrast, dry skin is typically a weak
conductor of electricity and thus has been observed to
instead have higher resistance and impedance.*

In 1963, Johnson and Corah® reported on basal skin
resistance in both children and adults. Resting levels of skin



resistance were measured over a 10-minute interval and
average values were used for comparison between Black and
Caucasian skin. Interestingly, for both age groups, Black skin
had significantly higher galvanic resistance than comparable
Caucasian skin. As resistance is inversely related to water
content, it can thus be surmised that skin hydration was
lower among the Black subjects.® Of note, site-specific
differences in water content have also been described based
on measurement of conductance, with variability noted
between the dorsal and volar forearm for multiple racial skin
types.* Relative to Black and Caucasian skin, however, few
studies have been performed to quantitatively evaluate skin
hydration in Asians. The one available comparative study on
Asian skin employed an impedance meter to determine water
content and demonstrated significantly higher levels of
hydration in Asian skin relative to Black and Caucasian skin.*
These data thus highlight significant heterogeneity in water
content for different skin types, and emerging studies have
begun to link these variations to other components of the
stratum corneum, such as ceramides, lactate, and
cholesterol.*#

Ceramide level. Ceramides are a family of waxy lipids
composed of sphingosine and a fatty acid.* While they are
rarely found at greater than trace levels in most tissues,
relatively high levels of ceramides reside in the extracellular
interstices of the stratum corneum.** At this site, ceramides
may be found in concert with cholesterol and other free fatty
acids, and it is believed that the ratio of these components
may be essential for normal organization and functioning of
the epidermal barrier.*# Distinctive ceramides in the skin
contain long saturated, non-branching alipathic chains that
exist in a gel state, which contribute to lower lateral diffusion
and permeability of stratum corneum.**

Early studies comparing living and cadaveric skin from the
abdomen, back, and thigh found Black skin to have slightly
higher levels of epidermal lipid and sterol content relative to
Caucasian skin.* These data, however, were limited by a
small sample size and the fact that measurements were made
from both living and deceased subjects at different
anatomical sites.® More recently, Sugino et al** measured
ceramide levels in the stratum corneum of four different
races and found the highest levels to be in Asian skin.
Significantly less ceramide was noted in Caucasian skin
(20.4+8.1png/mg) and the lowest level was found in Black skin
(10.7+4.7mg/mg). This was similarly observed by Hellemans
et al* who quantified ceramide levels after hydrolysis and
analysis of corresponding sphingoid bases, showing the least
amount of lipid in the stratum corneum of Black skin. These
data therefore demonstrate levels of stratum corneum lipid
to correspond to water content and inversely to measured
transepidermal water loss. This point is further highlighted
by studies on Asians with dry scalp and dandruff, which have
confirmed both lower water content and stratum corneum
lipids in these patients.* Enhancing ceramide levels may thus
be one key approach to promote moisturization of dry skin.

Skin reactivity. The sensitivity of skin has long been
determined qualitatively using erythema as a surrogate
measure.**** However, as this can be difficult to assess in

patients with more pigmentation, determination of redness of
the skin has proven far too inaccurate. Instead, studies have
now employed objective techniques to evaluate blood flow
and these have included laser Doppler velocimetry and
photoplethysmography. Laser Doppler velocimetry
noninvasively measures the Doppler frequency shift of
monochromatic laser light backscattered from moving red
blood cells while photoplethysmography records pulsatile
changes to the skin synchronized with heartbeat through
reflection of infrared light.**' Using these techniques, studies
have shown Black skin to have the lowest skin reactivity. By
applying methyl nicotinate to the volar forearm of both Black
and Caucasian patients, a 40-percent lower response was
noted in Black skin, as measured by photoplethysmography.*
This was similarly appreciated with 0.5% sodium lauryl
sulfate, another vasodilator, in which minimal changes to
cutaneous blood flow over baseline were reported in Black
skin.* And when a vasoconstrictive stimulus was given, laser
Doppler velocimetry also recorded a 40- to 50-percent
smaller change to baseline blood flow in Black compared to
Caucasian skin.”

Analogous studies have been performed on Asian skin and
have shown the greatest skin reactivity to exist in this group.
Comparing Black, Caucasian, and Asian patients, Gean et al**
demonstrated the highest increase in blood flow over time
among Asian skin following methyl nicotinate application.
Using laser Doppler velocimetry, Kompaore et al* also found
the shortest time to vasodilation in Asians, followed by
Caucasians, and then Blacks. These reports thus reveal some
degree of diversity in blood vessel reactivity and skin
sensitivity between different races. While variability exists in
the vasoactive substances employed for each study, the
findings nonetheless underscore the importance of racial skin
types when considering disparities in observed irritation and
selection of pharmacological therapies.®

TYPES OF MOISTURIZERS

The stratum corneum is an interactive, dynamic structure,
and maintenance of hydration can impact its barrier function.
As a group, moisturizers have thus been designed to either
impart or restore hydration in the stratum corneum. All
moisturizers also help to provide some form of temporary
barrier, allowing time for repair of damaged stratum
corneum. And by promoting hydration of the stratum
corneum, swelling of the outer layers occurs leading to a
more smooth skin surface.”* A large number of moisturizers
are presently available, and collectively, they remain one of
the most prescribed products by dermatologists. Several
types of ingredients have been described in recent years,
some with complex and sophisticated mechanisms, which
function to increase water content in the skin. New
moisturizers have now also begun to incorporate more
natural ingredients, such as botanicals and vitamins.”*
Nonetheless, components of moisturizers can be grouped
into broad categories: humectants, occlusives, emollients,
and constituents of natural moisturizing factor/essential
proteins (Table 2).% In addition, the United States Food and
Drug Association (FDA) has recently approved new
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moisturizers, which fall under the class of
medical device. While well-defined categories
exist for each of these components, to our

TABLE 2. Types of moisturizers

knowledge, no level I or II studies have been CLASS MECHANISM EXAMPLES
published directly comparing, in a head-to- OF ACTION
head fashion, the efficacy of each in the Glycerin
treatment of dry skin. Sorbitol

Humectants are substances that attract Humectants A;I::;:Jr\rl]vag[grrntgutrge Urea
water when applied to the skin.®® In this Alpha hydroxy acids
manner, they theoretically improve hydration Sugars
of the stratum corneum. Typical humectants Lanolin
include glycerin, sorbitol, urea, alpha . . Petrolatum
hydroxyacids, and sugars.” Aside from their Occlusives Balrglsesr ([)Jfrevetn ting Mineral oil
hygroscopic properties, some humectants, such water Silicones
as the alpha hydroxy acid ammonium lactate, Zinc oxide
have also been shown to reduce abnormal S

. . . qualene
tmﬁk?m‘% ?f the stratumytcometiim, éncreiﬁe SR Fills in spaces between Cholesterol
cohesion between corneocytes, and reduce the corneocytes Fatty acids
appearance of scaling seen in ichthyosis and ’ Hyalutr{)nic acid
other hyperkeratotic conditions. Importantly, - -
unless the relative humidity is very high, the AR}'{:‘;:{?;SS
source 'of water for topical humectants '1s o Combination of low Uric acid
transepidermal and not atmospheric. Natural moisturizing molecular weight Glucosamine
Therefore, continued evaporation from the skin | factor/essential substances which Creatinine
can exacerbate dryness and lead to a proteins retain water Citrate
perception of tightness. High concentrations of Organic acids
some humectants, such as urea, glycerin, and Peptides
propylene glycol, may glso pe ilﬁtating'and . Comparable to low- MimyX Cream
should be generally avoided in Asian patients | Nonsteroidal potency steroid in skin Atopiclair
with more sensitive skin.” 0 I L L barrier repair EpiCeram

Occlusives physically block transepidermal
water loss in the stratum corneum and help to
maintain water content.*® Lanolin was one of the first
substances to be used as an occlusive and has long been
employed as a moisturizer on its own. It is composed of a mix
of esters, diesters, high molecular weight hydroxyesters,
lanolin alcohols, and lanolin acids. However, while lanolin can
be quite effective in minimizing water loss, it has also been
associated with contact dermatitis.® Because of this, use of
lanolin should be limited to patients with less reactive skin.*
In place of lanolin, petrolatum has become the principal
ingredient used in various moisturizers. Importantly though,
with more recent health and environmental concerns being
raised regarding derivation of petrolatum from petroleum,
alternative occlusives have also been developed, including
mineral oil, dimethicone, and zinc oxide. Some of these
occlusives also possess an emollient effect, further enhancing
its ability to improve overall quality of the skin.

Emollients are frequently incorporated into moisturizers
to smooth skin through filling of spaces between the
corneocytes. While not usually occlusive, when applied
heavily, emollients may also function as a barrier to water
loss. They are composed of water-in-oil emulsions, with an oil
component ranging from 3 to 25 percent.” The concentration
of oil affects both ease of spread and degree of occlusion.®
Typical emollients used in moisturizers include squalene,
cholesterols, and fatty acids. Squalene is a natural organic
compound derived from shark liver oil, amaranth seed, wheat

germ, or olives.® When used commercially, squalene is
typically hydrogenated to generate a saturated derivative
known as squalane, which is less susceptible to oxidation.®
At concentrations used in moisturizers, both squalene and
squalane have been shown to have little irritant or sensitizer
effects.®®*® These may thus be effective in promoting
hydration in Asian patients with more sensitive skin. Other
emollients include mineral oil and lanolin, which as
mentioned above, may also function as occlusives. Synthetic
ceramides have also become commercially available and have
been shown to be effective in improving dry skin.” CeraVe®
(Valeant Pharmaceuticals North America LLC) is one
particular moisturizer that incorporates multiple emollients,
including ceramides, cholesterols, and fatty acids. Finally, for
patients with more oily skin, oil-free emollient products have
been developed containing propylene glycol or glycerin. As
expected, both of these have a drying effect and can cause
stinging when applied to irritated or sensitive skin.

The term natural moisturizing factor was first coined by
Jacobi et al in 1959.™™ While not universally adopted at first,
multiple studies have described similar compounds found in
the epidermis in which removal decreased skin hydration.”™™
The NMF contains a combination of several naturally
occurring free amino acids, urocanic acid, inorganic salts,
sugars, lactic acid, and urea.® Many of these are highly
efficient at attracting and binding water from the



atmosphere, allowing adequate hydration of corneocytes
even in low humidity environments. Much of the NMF is
derived from breakdown of filaggrin, a large histidine-rich
protein in newly formed corneocytes involved in aligning
keratin filaments.” Routine washing of skin has been shown
to decrease the NMF, and reduced NMF levels have been
found in patients with xerosis.” Because of this, many
moisturizers now incorporate various components of the
NMF to enhance its hygroscopic properties. Cetaphil®
Restoraderm® (Galderma, Fort Worth, Texas) is one
commonly used moisturizer incorporating both filaggrin and
ceramides. In addition, some moisturizers include essential
proteins, such as keratin and elastin. While they may provide
some temporary relief through an emollient effect, these
proteins are too large to penetrate deeply and they are likely
to have minimal effectiveness as moisturizers alone.

The last group of moisturizers include a new class of
compounds recently approved by the FDA as medical
devices. This includes MimyX Cream (Stiefel Laboratories,
Inc., Research Triangle Park, North Carolina), Atopiclair®
(Sinclair IS Pharma, London, United Kingdom), and
EpiCeram® (Ceragenix Pharmaceuticals, Inc. Denver,
Colorado), all prescription nonsteroidal anti-inflammatory
creams designed for dry, atopic skin.™*® MimyX Cream
contains palmitoylethanolamide, a bioactive fat deficient in
patients with atopic dermatitis.** While this may contribute to
an emollient effect, MimyX Cream has also been described to
have an anti-inflammatory effect comparable to low-potency
steroids while lacking any steroidal or calcineurin-inhibitor
properties.® This allows for skin barrier function repair and
improvement in water content. Similar to MimyX Cream,
Atopiclair® contains no medically active ingredients, but
functions as a hydrophilic cream. It is a mix of hyaluronic
acid, telmesteine, and glycyrrhetinic acid.” In recent
double-blinded studies, patients found Atopiclair offers
significant benefits over vehicle-only controls and reduced
the total body area affected by atopic dermatitis.®**** Finally,
EpiCeram® is a topical nonsteroidal skin cream containing
ceramides, free fatty acids, and cholesterol. Approved as a
prescription medical device by the FDA, EpiCeram has been
shown in a multi-center, randomized, blinded study to have
similar efficacy as fluticasone cream for the treatment of
atopic dermatitis.* Based on these findings, MimyX Cream,
Atopiclair, and EpiCeram can all be considered as treatment
options, specifically in patients with dry skin secondary to
atopic dermatitis. However, as each have been approved as a
medical device instead of a drug, they have been less
rigorously studied, and data comparing clinical efficacy and
safety are limited.*

CONCLUSION

Dry skin is a common problem worldwide and can affect
almost everyone as the global population ages. Superficial
cracking, itching, and stinging can result in general
discomfort, and severity has been linked to multiple
exogenous factors, such as dry climates, colder winter
months, and excessive showering or bathing. However, as the
physiological properties of skin differ widely between races,
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it is therefore not surprising that given the same external
environment, dry skin can be more problematic for some
patients. While studies continue to delve deeper into the
racial variability of skin, quantifiable parameters have been
developed showing differences in transepidermal water loss,
water content, ceramide levels, and skin reactivity between
Caucasian, Black, and Asian subjects. Although the
marketplace is flooded with a diverse array of commercial
products, ongoing research in skin moisturizers and ethnic
differences in skin biology may allow clinicians to develop
targeted, patient-specific regimens to treat dry skin.
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