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ABSTRACT

Dry skin is a common condition that is attributed to a lack of water in the stratum corneum. With the
availability of new technologies, light has been shed on the pathophysiology of dry skin at the molecular
level. With the aim to discuss implications of this latest research for the optimal formulation of emollients
designed to treat dry skin, five specialists met in November 2017. Research on three topics thereby pro-
vided particularly detailed new insights on how to manage dry skin: research on the lipid composition
and organization of the stratum corneum, research on natural moisturizing factors, and research on the
peripheral nervous system. There was consensus that latest research expands the rationale to include
physiological lipids in an emollient used for dry skin, as they were found to be essential for an adequate
composition and organization in the stratum corneum but are reduced in dry skin. Latest findings also
confirmed the incorporation of carefully selected humectants into a topical emollient for dry skin, given
the reduced activity of enzymes involved in the synthesis of moisturizing factors when skin is dry. Overall,
the group of specialists concluded that the previous concept of the five components for an ideal emolli-
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ent for dry skin is well in accordance with latest research.

Introduction

During the past decade, considerable progress has been made in
our understanding of the pathophysiology of dry skin conditions,
thanks to new technologies that allowed us to evaluate dry skin
at the molecular level. Although most research has focused on
dry skin related to skin diseases such as atopic dermatitis, findings
also led to an improved understanding of the development and
composition of dry skin when occurring as a condition itself (1,2).
Thus, there exist data that provide a strong rationale for the opti-
mal ingredients needed in a formulation designed to treat dry
skin. To date, formulations for the treatment of dry skin often
contain ingredients for which rationales are weak and also no
clear evidence of benefits exists. It is, therefore, time to link new
research on dry skin, molecular research in particular, to the com-
position of emollient formulas, to optimize treatment of the
symptom affecting nearly everybody of us to a more or less
extent. Against this background, a group of specialists in the field
of dry skin convened in November 2017. Research on three topics
thereby provided particularly detailed new insights on how to
manage dry skin: research on the lipid structure and organization
of the stratum corneum (SC), research on natural moisturizing fac-
tors (NMFs), and research on the peripheral nervous system.

What is dry skin?

Dry skin (xerosis) is characterized by rough, scaly, or flaky skin
and is accompanied by loss of skin elasticity and frequently prur-
itus. It is a common symptom of a number of skin conditions,

such as atopic dermatitis, ichthyosis, irritant contact dermatitis,
psoriasis or asteatotic eczema (eczema craquelé), but it may also
represent a condition itself (1,3,4). The onset of dry skin is
thought to be mediated by genetics, environmental factors, age-
ing and other factors such as ethnicity.

Roles of genetics and environmental factors

From the genetic perspective, dry skin is likely to be the result of
a number of mutations across different pathways. Some of these
pathways are related to certain dermatological conditions. For
instance, atopic dermatitis and ichthyosis vulgaris are associated
with mutations to the gene coding for the structural protein filag-
grin. A deficiency in filaggrin, and its degradation products which
are part of the NMF, is associated with dry skin (1,5). NMF is a
mixture of hygroscopic compounds important for maintaining
adequate skin hydration. Other mutations associated with dry skin
conditions involve the involucrin gene or certain aquaporin
genes (6,7).

Environmental factors, such as frequent washing/showering or
exposure to low air humidity, are also triggers for dry skin. As an
example, xerosis is more prevalent in the winter season when the
air is at low humidity. The latter creates a water gradient between
the skin and the external environment; this increases the driving
force to draw water out of the skin and the skin becomes drier
(8). When coupled with low grade inflammation, dry skin may
transition into eczema.
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Role of ageing

Aging makes skin more susceptible to dryness. There are various
potential etiologies of dry skin in older people including reduced
epidermal differentiation and lipid synthesis (3). Additionally, the
level of filaggrin is lower in aged skin (7). As a result, the skin's
water holding capacity decreases significantly.

Role of body location

Certain body sites show an increased risk of becoming very dry.
For example, skin on the fingertips and knuckles are often
exposed to high levels of mechanical stress and lack skin flexibil-
ity; both of these factors contribute to the higher level of skin
dryness often observed at these skin sites. Also, the face and the
extremities are prone to dry skin because of a higher curve radius
compared to trunk which enhances water evaporation. In add-
ition, the face is usually unprotected by cloth and exposed to the
environment.

Role of ethnicity

Ethnicity primarily refers to the observable differences in the
physical appearance of individuals of different racial groups.
However, establishing a significant set of differences that distin-
guishes one racial group from another proves difficult, since gen-
etic variation between individuals of the same racial group can
often be greater than the genetic variation observed between
individuals of different racial groups. Generally, individuals can be
classified into four racial groups: white, black, Hispanic, and Asian.

Although some physiological skin differences exist between
ethnic groups, such as number of SC layers, transepidermal water
loss (TEWL), or SC pH, the similarities prevail (9-12). The likelihood
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of developing dry skin in individuals of different racial groups is
primarily driven by environmental factors (e.g. climatic conditions)
rather than ethnicity.

Healthy skin is an equilibrium

The SC is key in regulating water flux and retention. There are
several processes involved in the formation and effective function
of the SC which include NMF formation, lipid processing, keratino-
cyte differentiation, and desquamation (i.e. loss of corneocytes,
shedding occurs within 2 weeks in normal SC) (3,13). An adequate
equilibrium is necessary between these four, highly interdepend-
ent processes to keep the skin healthy. Figure 1 illustrates a sub-
set of key events affecting skin equilibrium, with the caveat that
other crucial points are not shown for reasons of clarity, such as
pH, role of stress hormones, or the influence of the gut micro-
biome on skin homeostasis (14).

Environmental factors are also important in influencing this
equilibrium. It is assumed that these environmental triggers act in
two steps: first short-term effect, then on a more long-term per-
spective through the perturbation of normal epidermal differenti-
ation (i.e. the stepwise transformation of keratinocytes into
corneocytes). The short-term effect can be illustrated by the con-
sequences when the skin is suddenly exposed to cold, dry air:
water is quickly lost from the SC (owing to the altered water gra-
dient). As short-term consequence, there is insufficient water for a
proper functioning of enzymes involved in NMF production and
epidermal desquamation.

The longer-term effect of exposure to adverse environmental
conditions (such as cold air with low humidity) results in major
perturbation of normal epidermal differentiation which ultimately
ends in a dry skin cycle (Figure 2) as described by Rawlings (15).
Within the dry skin cycle, the skin barrier attempts to repair itself
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Figure 1. Schematic diagram showing a subset of key events affecting skin equilibrium.
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which induces a hyperproliferative state, characterized by dysfunc-
tional keratinocyte differentiation. In turn, this results in further
impairment to maturation and desquamation of the SC, thereby
becoming thicker with reduced water-binding properties. The
induction of the inflammatory hyperproliferative state is key in
the cycle of dry skin as it leads to production of small/immature
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Figure 2. Schematic diagram showing pivotal events within the dry skin cycle.
From Ref. (15) with kind permission from Elsevier Inc. NMF: natural moisturizing
factor; SC: stratum corneum; TEWL: transepidermal water loss.
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corneocytes and overproduction of a variety of poor quality cellu-
lar materials and structures vital to the proper functioning of the
skin barrier (15).

Dry skin at the molecular level
Research on SC lipids structure and organization

Research on atopic skin, notably non-lesional skin may be used as
a proxy for dry skin in otherwise healthy individuals. A crucial fac-
tor for the skin barrier function is the lipid matrix in the SC. The
composition of the SC lipid matrix is dominated by three lipid
classes: ceramides, cholesterol, and free fatty acids (2).
Physiologically, they are present in an approximately equimolar
ratio and show a highly ordered, 3-dimensional structure of
stacked densely packed lipid layers (lipid lamellae); the lipid com-
position determines how these lipids are ordered (2,16). The lipids
can be assembled in an orthorhombic, hexagonal, or liquid lateral
organization. Orthorhombic packing is the most prevalent in
healthy human skin and is considered to be important for the
barrier function (17-19). When viewed from the perspective of
lamellar organization as analyzed by X-ray diffraction, two distinct
phases can be identified based on repeat distances of approxi-
mately 6 nm and 13 nm, forming the short and long periodicity
phases, respectively (Figure 3). The long periodicity phase is
thought to play a role for proper barrier function in healthy
skin (2,20).

Orthorhombic

Hexagonal

Y Liquid

(F)
Y 4=13nm d=6 nm

Figure 3. Lipid organization in human stratum corneum. From Ref. (18) with kind permission from Medical Journals Limited. (A) Schematic overview of the skin. (B) A
brick and mortar structure is mimicking the corneocytes embedded in the lipid matrix. (C) In between the corneocytes, the lipids are stacked in lamellae. (D) Detail of
the lipid lamellae. (E) Perpendicular to the lamellae, the lipids are organized in a lateral packing. This can be either orthorhombic, hexagonal, or liquid (top view). (F)
The lipid lamellae are stacked on top of each other with a repeat distance (d) of either 13 nm (long periodicity phase) or 6 nm (short periodicity phase).
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Figure 4. Influence of dexpanthenol and transcutol on membrane fluidity. From Ref. (27) with kind permission from Elsevier Inc.

Using non-lesional atopic dermatitis as a model for dry skin,
distinct ceramide, and free fatty acid profiles (characterized by
lipid molecules with shorter chain lengths), as well as an abnor-
mal lipid organization (with an increased lipid fraction forming a
hexagonal packing and lipids in lamellar phases with a reduced
repeat distance), are observed compared with healthy skin
(16,21-23). It may, therefore, be inferred that the impaired skin
barrier function (monitored by transepidermal water loss)
observed in dry skin conditions is associated with two main alter-
ations in SC lipid composition/organization. First, there is an
increased level of lipids with shorter chain length in both the
ceramide and free fatty acid lipid classes. In fact, lipid chain
length reduction correlates with a less dense lipid organization
and a decreased skin barrier function (23). The longer chains allow
for stronger intermolecular forces between the lipid chains than
the intermolecular forces for shorter chains. Second, increased lev-
els of SC lipids adopting a hexagonal packing at the expense of
the orthorhombic packing enhance impairment of skin barrier
function.

Apart from lipid organization and composition, the total SC
lipid content is considered to be another variable for effective
skin barrier function. In lesional and non-lesional SC of subjects
with atopic dermatitis, a reduced lipid/protein ratio has been
observed which correlated strongly with skin barrier function (i.e.
increase in TEWL) and disease severity (24).

The changes in SC lipids may contribute to the understanding
of risk factors for dry skin. For instance, in healthy subjects it was
shown that the SC quantities of ceramides, free fatty acids, and
cholesterol are reduced during winter compared with the summer
season. In addition, significantly decreased levels of all major lipid
classes, in particular ceramides, are observed with increasing
age (25).

Research on NMFs and humectants

Since years, humectants have been used to replace lost NMFs in
situation of dry skin. There is scientific evidence that humectants
can replicate NMF function and are capable of correcting defects
in skin elasticity (7). Hence, a humectant should be part of an
emollient formula designed to combat dry skin, even more
because it has been shown that humectants are able to attenuate
the hyperproliferative response to barrier disruption (26).

Recent research on compounds used traditionally as humec-
tants has revealed that not only they act by binding water into
the SC but also influence lamellar lipids organization. Bjorklund
and colleagues showed that hygroscopic dexpanthenol and trans-
cutol generate the properties of a hydrated SC in dehydrated con-
ditions (27). Both substances have similar physicochemical
properties as urea and glycerol and it has been suggested that
these molecules influence the molecular dynamics of the SC in a
similar manner, with the difference that dexpanthenol makes
both lipids and keratin filaments more fluid than transcutol
(Figure 4) (27). Specifically, it could be shown that dexpanthenol
interacts with lipid segments of the extracellular lamellae and pro-
tein residues in the corneocytes of SC and thus compensates for
reduced hydration by retaining/increasing molecular mobility/flu-
idity (27,28). By this mechanism, dexpanthenol reduces the
increased rigidity of the SC lipid lamellae and proteins (keratin fil-
aments) observed in dry skin.

In conclusion, healthy skin is an equilibrium that can easily be
disturbed by intrinsic and external factors. If dry skin has devel-
oped, it is critical that the condition is managed effectively and
early to avoid short-term and long-term consequences, with the
primary focus at restoring the skins equilibrium.

How to restore skin’s equilibrium? Practical implication
for formulation

Dry skin management typically involves application of an emolli-
ent. It has been previously recommended that an ideal emollient
contains five key components: humectants, non-physiological lip-
ids (e.g. mineral, vegetable oil), physiological lipids (e.g. ceram-
ides, free fatty acids), antipruritics/soothing agents, and agents
that support epidermal differentiation (3). Here we review the
results from recent studies on humectants, skin lipids and periph-
eral nervous system and their implication for the selection of the
ingredients for dry skin management.

Contribution of skin lipids research

When interpreting new scientific findings, it becomes obvious
that there is accumulating evidence that SC lipids play an import-
ant role in dry skin conditions. Topical emollients for barrier func-
tion recovery should therefore include lipids. From an efficacy
point of view, physiological lipids would be the preferred choice.
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For testing formulations designed for skin barrier repair, a novel
ex vivo human model has been recently developed in which the
SC is removed by a reproducible stripping technique (29). Using
this model, 20 strips of SC were taken from healthy individuals
following topical ceramide application. After 20 strips, the ceram-
ide that had been applied was still detectable in the SC. However,
in recent studies, it could not be determined whether this is pre-
sent in furrows or penetrated into the SC (30). The value of
physiological lipids has also been demonstrated in studies that
used topical formulations which were based on vernix caseosa, a
white cheesy film found on the surface of an infant’s skin during
gestational delivery. Vernix caseosa contains the three physio-
logical barrier lipids identified in the human skin. A formulation
that mimicked the composition of vernix caseosa was applied to
ex vivo skin. The fatty acids present in the formulation were
shown to intercalate with the endogenous skin barrier lipids and
to enhance the fraction of lipids forming an orthorhombic (very
dense) packing in the SC (17). Therefore, physiological lipids can
make a valuable contribution to emollient preparations.

Implications for optimal dry skin management

New scientific findings provide a strong rationale for the incorpor-
ation of lipids into topical emollients to be used for dry skin man-
agement. For normalization of SC lipid composition and
organization (predominantly the reconstitution of the orthorhom-
bic laterally packed phase and the 13 nm long periodicity lamellar
phase), physiological lipids, such as ceramides or long chain free
fatty acids, are the preferred choices. However, there might be
cost implications upon use of these compounds. Mineral and
vegetable oils are affordable alternative options but they work
primarily via an occlusive effect and are not expected to exert
their action by partitioning into the SC lipid matrix. Nevertheless,
by staying on the SC surface, they provide beneficial effects by
working like a temporary dressing. In future, ingredients that tar-
get enzymes responsible for the synthesis of specific lipids or for
elongation of lipids present in the SC may be selected to address
alterations in the SC lipid organization/composition.

Contribution of research on humectants

The selected humectant has ideally a molecular weight of
200-300Da (in any case < 500 Da) to ensure that the hygroscopic
compound is able to penetrate the skin surface and reach the
deeper layers of the SC, where it can exert its required function.
Larger molecules, such as hyaluronic acid, are unable to penetrate
the skin but can exert their benefits at the skin surface level by
retaining moisture within the formulation after application to skin
(31). From an efficacy point of view, glycerol and urea (a natural
component of NMF but not a degradation product of filaggrin)
are still the preferred choices for humectants. Both are small mol-
ecules and represent physiological humectants that play a key
role in keeping the SC hydrated (7). Urea is more effective than
glycerol when the SC water content is low (32) but physical prop-
erties (e.g. sensitive to heat, pH-dependent stability, prone to pre-
cipitation) may be problematic for emollient manufacturing. In
addition, urea has to dissolve to exert its action. Thus, in very dry
conditions, urea may not work. Upon inclusion of a humectant as
an ingredient in topical emollients, it is critical that the humectant
is used at an optimal concentration. For example, if a formula
contains too much glycerol, it will dry the skin owing to its hygro-
scopic nature (33).

Compounds that can work as humectants but reveal additional
features, such as dexpanthenol, are also an option to consider for

inclusion in topical emollients. Apart from acting as a humectant,
dexpanthenol stimulates intracellular protein and lipid synthesis,
increases fibroblast proliferation, and enhances epidermal differ-
entiation (7,28).

Implications for optimal dry skin management

A humectant should be part of an emollient formula designed to
manage dry skin conditions. Newer research findings confirm that
there is a compelling scientific rationale for the currently used
humectants. Physiological humectants, such as glycerol and urea,
are the preferred choices when used at the right concentration.
However, humectants that incorporate additional functions are
also viable options for inclusion in topical emollients.

Contribution from peripheral nervous system research

Itching is a common symptom of both sensitive skin and dry skin,
which may be particularly pronounced when both conditions are
present simultaneously. A history of atopic dermatitis is observed
in 20-30% of subjects with sensitive skin (34). Sensitive skin has
been defined by the occurrence of unpleasant sensations (sting-
ing, tingling, burning, pain, pruritus) in response to stimuli that
normally should not provoke such sensations. These unpleasant
sensations cannot be explained by lesions attributable to any skin
disease; the skin can appear normal or be accompanied by ery-
thema. Sensitive skin can affect all body locations, especially the
face (35). Sensitive skin is not limited to individuals with dry skin
but should be considered in that context because dry and sensi-
tive skin is often combined, and sensitive skin has similar trigger
factors. For instance, unpleasant sensations in sensitive skin can
be caused by physical stimuli, such as cold/hot weather, wind, air
conditioning, or UV exposure. There are also chemical (e.g. cos-
metic ingredients, soaps, pollution), psychological, and hormonal
trigger factors (35).

The pathophysiology of sensitive skin has not been fully eluci-
dated. However, the occurrence of unpleasant sensations implies
that the nervous system is involved. Although the density of intra-
epidermal nerve fibers is reduced in sensitive skin compared with
non-sensitive skin, they appear to generate a greater number of
sensorineural impulses via the action of transient receptor poten-
tial (TRP) channel proteins. TRP proteins are expressed in various
tissues including the skin (36) where they are the only proteins
known to be activated by physical and chemical factors (37). The
increase in sensorineural impulses is reflected by unpleasant sen-
sations. Some TRP channel proteins can be activated by ingre-
dients encountered in cosmetic products leading to skin irritation
(38). It is, therefore, important to exclude potential TRP protein
activators (e.g. polyunsaturated fatty acids) and to carefully select
the ingredients when formulating products for sensitive skin (with
or without concomitant dry skin). One of the ingredients should
provide relief from itching.

Implications for optimal dry skin management

Sensitive skin is probably caused by neuronal mechanisms. For
defining nerve fiber endings as therapeutic target, the scientific
knowledge is currently insufficient, despite the advances made in
elucidating the pathomechanisms involved in sensitive skin. To
combat itching, which is common in both sensitive and dry skin
(and is particularly pronounced if both conditions are combined),
an antipruritic agent (e.g. glycine, glycyrrhetinic acid, polidocanol)
should be part of an ideal topical emollient. It helps to break the
self-perpetuating itching-scratching cycle.
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Table 1. Key ingredients to be included in topical emollients for management of dry skin [modified from (3)].

Ingredient

Rationale

Humectants (e.g. glycerol, urea, propylene glycol, hya-
luronic acid)

If the humectant is of small size (MW = 200-300 Da), such as glycerol or urea, deeper layers of SC are
reached where they restore water content and barrier function, and replicate NMF function. Larger

molecules (e.g. hyaluronic acid) do not penetrate the skin but increase the hydration of the outermost

corneocytes
Non-physiological lipids (e.g. mineral, vegetable oil)

Act as a substitute for lost natural skin lipids in the outer layers of the SC. Reduce TEWL by creating a

hydrophobic barrier on the skin surface (occlusive effect)

Physiological lipids (e.g. ceramides, free fatty acids)

Penetrate the SC effectively and contribute to normalization of the altered lipid composition and organiza-

tion (e.g. reconstitution of the lipid fraction forming an orthorhombic [very dense] packing). Are impli-
cated in maintaining the structural elements of the SC and may mediate the stimuli that trigger
epidermal differentiation

Antipruritics (e.g. glycine)/soothing agents
Multifunctional component including enhancement of
epidermal differentiation (e.g. dexpanthenol)

Prevent or relieve itching. Break the self-perpetuating itching-scratching cycle
Apart from acting as a humectant, dexpanthenol stimulates protein/lipid synthesis and supports epidermal
regeneration by enhancing epidermal differentiation. Dexpanthenol compensates for reduced hydration

by retaining/increasing molecular mobility/fluidity of the SC lipid lamellae and proteins

MW: molecular weight; NMF: natural moisturizing factor; SC: stratum corneum; TEWL: transepidermal water loss.

Conclusions

The concept of the inclusion of five components in an ideal emol-
lient for dry skin (non-physiological lipids, physiological lipids,
humectants, antipruritics/soothing agents, and agents supporting
epidermal differentiation) remains valid, but the scientific rationale
has been expanded (Table 1). In this paper, we discuss the out-
come of studies shedding new light on skin lipids and humec-
tants at the molecular level providing a scientific rationale for the
presence of these compounds in a formulation designed to treat
dry skin.

Physiological lipids (in particular ceramides and free fatty acids
with longer chains) are required for an adequate composition and
organization (orthorhombic packing) of the SC lipid matrix but
their amount is reduced in dry skin. Physiological lipids as part of
an emollient preparation may enhance the fraction of lipids form-
ing an orthorhombic (very dense) packing in the SC, thereby
improving skin barrier function in conditions of dry skin. The min-
eral and vegetable oils (i.e. non-physiological lipids) that provide
an occlusive effect on the skin’s surface represent another import-
ant component of topical emollients for dry skin. Given that
enzymes involved in the synthesis of NMF and epidermal des-
quamation do no properly work when skin is dry, humectants are
also relevant in a topical emollient used to treat dry skin.
Although nerve fiber endings have been identified as the site
where pruritus is initiated, regardless of skin hydration status, tar-
geting involved proteins is not possible today. Thus, topical emol-
lients for dry skin should contain an antipruritic/soothing agent.

The specialist panel also confirmed the important role of dex-
panthenol in topical emollients for dry skin management. Among
its multiple functions, dexpanthenol compensates for reduced
hydration by increasing water content and by favorably influenc-
ing the molecular mobility/fluidity of the SC lipid lamellae and
proteins. Another key feature of dexpanthenol is its beneficial
effect on epidermal regeneration due to an enhancement of epi-
dermal differentiation. By supporting the epidermal regeneration
process, dexpanthenol contributes to barrier function recovery in
dry skin conditions and helps to reestablish normal epidermal dif-
ferentiation. The latter feature is important to address the long-
term issues associated with dry skin and to interrupt the dry skin
cycle.

To combat dry skin even more efficiently in future, research on
substances that target enzymes responsible for the synthesis of
lipids deficient in dry skin (particularly ceramides and free fatty
acids) or for elongation of lipids still present in the SC should be
intensified.

Table 2. Galenical formulation to be selected for dry skin man-
agement by season and body site affected [modified from (3)].

Season/body site Formulation

Winter Ointment rich in lipids
Summer Cream rich in water
Extremities Ointment rich in lipids
Face Cream rich in water

The environment plays a greater role in dry skin onset than
genetic factors or ethnicity. Moreover, depended on the body
site, the skin lipid content varies; the face and abdominal areas
show larger amounts of SC lipids than skin on leg and palmoplan-
tar areas (3). Therefore, the emollients necessary to manage dry
skin should be available in different formulations that can be
selected according to an individual’'s environmental condition
(season, climate) and skin site affected (Table 2). This approach
can also be applied to strategies to manage dry skin in young
versus aged skin (with creams preferred for the former, and oint-
ments for the latter) (39).

Considering the latest findings on dry skin and their implica-
tions for designing an optimal topical emollient for the treatment
of dry skin, it will now be time to put the gained insights into
practice by adapting or creating new formulations for the combat
against a condition which affects most of us at some time.
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