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Synopsis

Atopic dermatitis is a chronic relapsing inflamma-

tory skin disease which usually starts during the

first years of life. In patients with the disease, the

quality of skin is severely affected, and this is clo-

sely linked to a reduced quality of life. An increas-

ing prevalence of the disease has also been

observed during recent years, which has been

attributed to potential provocation factors in the

environment. The environmental influence of the

disease is complex, but the role of stratum cor-

neum as a biosensor regulating the response to a

variety of insults has been suggested as one crucial

factor. Therefore, our daily hygiene and treatment

of dryness are necessary measures to improve the

quality of life and possibly reduce the frequency of

the disease. Soaps as well as moisturizers show

important differences in their impact on barrier

function.

Résumé

La dermite atopique est une maladie inflamma-

toire, chronique et récidivante de la peau, que

dans la plus part des cas, débute dans les premiè-

res années de la vie. La qualité de la peau est sévè-

rement affectée chez les individus soufrant de cette

maladie et consécutivement la qualité de leur vie

est affectée aussi. Au cours des dernières années

on a observé une prévalence accroissant de la mal-

adie, potentiellement attribuée aux facteurs provo-

cateurs de l’environnement. Pour la dermite

atopique l’influence de l’environnement est compl-

exe; on a été suggéré que stratum corneum joue un

rôle de biosensor, crucial pour la régulation des

répons aux diverses insultes de l’environnement.

C’est pour cela que l’hygiène quotidienne et le trait-

ement de la peau sèche sont importants, pas seule-

ment pour le bien-être, mais possiblement aussi

pour la prévention de la dermite atopique. Les

savons aussi bien que les lotions peuvent différem-

ment influencer la fonction de barrière de la peau.

Introduction

Atopic dermatitis is among the most common

chronic types of inflammatory skin disease. The

prevalence of the disease is increasing in developed

countries, which suggests environmental provoca-

tion factors to promote the rise rather than genetic

changes [1]. The environmental influence of the

disease is complex, and the role of stratum cor-

neum as a biosensor regulating the response to a

variety of insults appears essential [2].

The course of atopic dermatitis is characterized

by sub-acute and chronic stages, as well as the

acute flare stage. The sub-acute stage includes

mild scaling and mild lichenification (thickened

skin caused by scratching) of the skin and the

chronic stage includes prominent scaling with
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distinct lichenification, Fig. 1 [3]. The disease with

its acute flares affects not only the individual

patients, but also their family as well as society

[3–9]. Dermatologists and other clinicians have

long recognized the impact of skin disease on a

patient’s life and patients with atopic eczema

report lower health-related quality of life than the

general population [3, 5, 8–12].

To reduce dryness and risks for flares of atopic

eczema, it is essential to control everything that

comes into contact with the skin to and to favour

the use of treatments that counteract the disease

and favour the normalization of the skin. The pre-

sent overview is focused on measures which

improve skin barrier function.

Quality of skin in atopic dermatitis

Visible and tactile features

In patients with atopic dermatitis, the skin in non-

eczematous areas may have a dry-looking appear-

ance, that is, a finely scaling, non-inflamed skin

surface which feels rough to the touch (Fig. 1)

[13]. The frictional resistance is also reduced,

Fig. 2 [14]. The feeling of roughness reflects a

structural abnormality of the skin surface, with

changes in the surface morphology, as may be

visualized by use of replica technique and scan-

ning electron microscopy [15]. Three-dimensional

reconstruction of the topography shows that the

dry atopic skin is rougher than normal skin and

has a significant increase in the roughness param-

eters (Ra, Rq, and Ry) and a decrease in the num-

ber of peaks cm)1 (Rn) [15].

Moreover, the cohesion between the cells [16]

and the number of stratum corneum cell layers is

increased [17]. The projected size of the corneocytes

Figure 1 Dry skin in patients with

atopic dermatitis. Courtesy of

L Emstestam, Karolinska.
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Figure 2 Skin friction and skin capacitance are signifi-

cantly reduced in atopic skin, whereas transepidermal

water loss) is increased. n ¼ 26. Modified from Lodén

et al. [14].
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is also smaller and their turnover time is shorter

than in controls [16, 17]. Mutations in genes that

make up the epidermal cornification proteins were

recently found to pre-dispose individuals to atopic

dermatitis [18]. The shape of the corneocytes is

co-ordinated by the proteolysis of profilaggrin into

filaggrin. The assembly of the densely packed corni-

fied cell envelope involves involucrin, which also

functions as a scaffold for lipid and protein attach-

ment. Decreased involucrin [19] expression and

incomplete maturation of the cornified envelope

[20] have been observed in atopics.

Shedding of the dead corneocytes (desquama-

tion) is facilitated by the action of both intracellu-

lar and extracellular stratum corneum-derived

enzymes that degrade the corneodesmosomal link-

ages [21, 22]. Desquamation requires proteolysis

of the corneodesmosomes and several serine, cys-

teine and aspartic enzymes are believed to be

involved in this process [23]. In dry flaky skin con-

ditions, corneodesmosomes are not degraded effi-

ciently and corneocytes accumulate on the skin’s

surface layer [22].

Inherent sensory features

Dry skin feels uncomfortable, painful, itchy, stings

and tingles. Dryness is a major cause of pruritus in

atopic dermatitis. Scratching facilitates the release

of pro-inflammatory mediators, which make the

itching worse and a vicious itch-scratch cycle is

established. Scratching also produces excoriations

in the epidermis, which enhances penetration of

irritating and sensitizing substances, such as super-

antigens produced by micro-organisms [24].

Compositional features

The dry-looking stratum corneum is less capable

of binding water than normal skin and reduction

in skin capacitance supports a decreased skin

hydration, Fig. 2 [25, 26]. The content of urea in

normal and affected stratum corneum is reduced

[27]. Also, other substances belonging to the skin

natural moisturizing factor (NMF) is reduced in

atopic skin as well as in other dry skin conditions

[17, 28, 29]. The components of NMF are derived

from proteolysis of filaggrin and in skin biopsy

specimens of patients with atopic dermatitis

decreased levels of filaggrin [19, 30, 31] are

observed. Moreover, slightly higher pH values are

observed in uninvolved skin of patients with atopic

dermatitis and in eczematous skin than in normal

skin [32]. Zinc has been suggested to be increased

in atopic skin [33], and the level of calcium has

also been reported to be increased throughout epi-

dermis, with a tendency to a steeper gradient than

in normal skin [34]. Transglutaminases (TGs),

which are Ca2+-dependent enzymes, catalyse the

formation of bonds between proteins and they also

catalyse the covalent incorporation of biogenic

polyamines into proteins, which function as brid-

ges between molecules [35].

Skin lipid composition is also abnormal in atopic

skin with higher level of cholesterol [36] and

reduced levels of ceramides along with a changed

distribution of the different ceramide types [37–

39]. The changed lipid composition may account

for the aberrant lipid organization in atopic skin,

with an increased frequency of hexagonal pack-

aging [40]. Furthermore, the level of sphingosine

is significantly downregulated in uninvolved and

in involved stratum corneum of patients with

atopic dermatitis compared with healthy controls

[41].

Sphingosine is a natural anti-microbial agent

and the reduced level in atopic skin is suggested to

be responsible for the changed pattern of micro-

organisms on the skin surface [41]. Reduction of

sphingosine has been found linked to the increased

numbers of bacteria including Staphylococcus aure-

us (S. aureus) present in the upper stratum cor-

neum [41]. On healthy individuals, S. aureus can

be found in intertriginous areas, whereas in

patients with atopic dermatitis S. aureus is found

in non-involved areas as well as in isolates from

chronic eczematous lesions [42]. The density

appears to be higher in the exudative areas (107

colonies per cm2) than in lichenified plaques

(about 0.5 · 106 cm)2) and in the clinically nor-

mal skin (about 103 cm)2) [42]. The bacteria are

not a member of the normal skin microflora,

although it may colonize normal skin. Further-

more, the presence of the lipophilic yeasts Malas-

sezi spp. (formerly known as Pityrosporum ovale

and orbiculare) has been suggested to be respon-

sible for an exacerbation of the eczema of the

head, neck, and shoulders named ‘head-and-neck

dermatitis’ in young adults.

Functional features

Decreased hydration with reduced elasticity of the

stratum corneum is responsible for cracks and fis-
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sures in the skin. The rate of transepidermal water

loss (TEWL) is higher in dry skin (Fig. 2) [14, 43],

whereas in completely healed atopic dermatitis the

integrity of the barrier function is not disturbed

[44]. The impaired barrier in atopic skin makes

skin less efficient in excluding substances that

come in contact with the surface and patients with

atopic dermatitis are believed to be more prone to

contact dermatitis than a normal population.

However, although several controlled studies dem-

onstrate such a proclivity, others do not, suggest-

ing that the involved mechanisms are complex

[45].

The impaired barrier function to water loss

induces signals that stimulate barrier recovery, but

increased TEWL can also have pathological effects

by over stimulating cytokines and result in cutane-

ous abnormalities [2].

Quality of life in patients with atopic

dermatitis

Patients with atopic eczema report lower quality of

life than the general population [8]. Children as

well as adults are strongly affected by the itch

[11]. According to a Danish study, itch is present

in 96.7% of the atopic population [46]. Itching

and scratching are mainly responsible for the

documented sleep loss in atopic patients [3]. The

sleep loss may further result in daytime drowsiness

and problems with school [3].

Atopic patients also seem to be affected by the

stigma associated with its visibility [47]. Anxiety in

adults with atopic dermatitis is associated with the

disease severity [9] and patients have reported to

be frustrated with their disease as well as feeling

embarrassed and angry about their appearance

[47]. Self-consciousness and problems with the

treatment are other life quality areas that are affec-

ted in children with atopic dermatitis [4]. Further-

more, atopic patients have lower mental health

than patients with hypertension and diabetes [6].

The long-term course of the disease, as well as

the therapy regimens, affects individuals in several

aspects in life. The higher risk for psychosocial dif-

ficulties may affect career choices as well as perso-

nal relationships [12]. Thirty-eight per cent of a

patient population with atopic eczema had chosen

not to take a specific education and a certain job

because of their disease. This choice appeared to

be influenced by disease duration and severity

[12].

Impact on family life

Atopic dermatitis in children will affect the whole

family, because of the care giving by parents and

other family members. Studies also demonstrate

that a child with moderate-to-severe atopic derma-

titis affects the family more than a child with dia-

betes mellitus type 1 [6]. This is supported by a

recent study demonstrating that atopic dermatitis

from a parental perspective may have greater

impact on health-related quality of life than

asthma, diabetes, enuresis and cystic fibrosis [10].

Sleeplessness as a result of itching in a child with

atopic dermatitis can affect all family members

and may lead to poor work functioning and

decreased skills at home [48].

Furthermore, atopic dermatitis is a very time-

consuming disease. One study estimated that care-

givers spend 2–3 h day)1 on treatment of atopic

dermatitis depending of its severity [6].

Willingness-to-pay

One way to assess the impact of the disease is

to determine the maximum amount of how

much a patient is willing to pay (WTP) for a

hypothetical relief from atopic dermatitis. A Swe-

dish study estimated the monthly WTP for relief

from atopic dermatitis to 1000 SEK (�US $127,

2001 dollars) [49]. This WTP is comparable to

WTPs of other serious medical conditions, such

as high cholesterol (�US $69, 2001 dollars) and

angina (�US $108–191, 2001 dollars) [50]. The

sizeable WTP supports that atopic dermatitis is

associated with substantial reductions in quality

of life.

The costs of atopic dermatitis

Different studies have concluded that atopic der-

matitis is a costly disease (Fig. 3). Flare-ups, the

long-term therapies, and substantial amount of

consultations with health care contribute to the

direct costs. The indirect costs, such as lost work-

ing days, are also substantial [51].

A recent study from Germany estimated the

annual costs of atopic eczema to €1425 per

patient. As expected, the costs were related to dis-

ease severity; from €956 (mild) to €2068 (severe).

Every disease exacerbation had an average direct

medical cost of €123 per patient. The study con-

cluded that prolongation of flare-free time and
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reduction in severity are desirable not only for the

patients, but also for economical reasons [52].

The cost of atopic dermatitis and eczema in the

U.S.A. is similar to the costs of other chronic dis-

eases, such as emphysema and epilepsy [51]. Esti-

mates of the direct and indirect cost of atopic

dermatitis show that 50% of the total burden of

illness resulted from days lost from work because

of atopic dermatitis [51]. The direct healthcare

costs represented only 27% of the total burden of

illness. This suggests that there is a significant

underestimation only to include direct medical

costs in the estimation of total costs of atopic der-

matitis. The study also concluded that atopic der-

matitis not only causes considerable costs to the

healthcare system, but also to the individual

patient [53]. A Danish study also revealed that

atopic dermatitis has a substantial impact on pro-

ductivity. Patients with atopic dermatitis had 48%

more sick leave compared with the average inhab-

itant [12].

Treatment of atopic dermatitis

Since the early 1950s, when hydrocortisone was

found to be an effective anti-inflammatory agent,

topical corticosteroids have become a mainstay of

dermatologic treatment of atopic dermatitis. Tacr-

olimus and pimecrolimus are new immunomodu-

latory medicinals, which have certain benefits in

comparison with mild corticosteroids [54]. The

clinical efficacy of these medicinal products and is

described elsewhere. Furthermore, the genes of the

epidermal differentiation complex are also poten-

tially important therapeutic targets for suppression

of inflammation and the abnormal stratum cor-

neum barrier function [55].

Reduction of aggravating factors

In patients with atopic dermatitis, the course of

the disease is determined by environmental stres-

sors for skin (Fig. 4). Mental stress has been found

to induce derangement in barrier function and

promote inflammatory disorders [56, 57]. Further-

more, cold and dry climate conditions may induce

scaling and roughness [58, 59]. Gradual exhaust-

ing of the stratum corneum by repeated or pro-

longed contact with weaker irritants, for example

certain cosmetics and water, may also produce

dryness. Exposure to water releases pro-inflamma-

tory substances from the stratum corneum which

incites an inflammatory reaction [60]. Moreover,

exposure to hard water, especially to calcium in

domestic water, has been found associated with a

higher prevalence of atopic eczema in primary-

school children [61]. Epidemiological studies show

that soaps often induce dryness and irritation,

which may worsen an already sensitive skin [62].

Elimination of irritants may be especially import-

ant during winter season when the skin suscepti-

bility is enhanced.

Cost
Direct costs Indirect costs Intangible costs

Hobbies given up

Itching and scratching

Sleep deprivation

Anxiety, frustration

Sick-days, job change, retirement, child care

Local and systemic treatment

Contacts with GP and dermatologist

OTC therapies, special clothing
Figure 3 Different types of costs for

atopic dermatitis.

Figure 4 External and internal stressors influence the

quality of skin in atopic patients.
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Other triggering factors for atopic dermatitis

might be the colonization of the skin with micro-

organisms, such as S. aureus and Malassezi spp.

S. aureus can release superantigenic exotoxins,

which produce a massive release of cytokines [24].

Staphylococcus enterotoxin B also induces eczema

when applied to uninvolved atopic and normal

skin [63].

Anti-microbials

Anti-microbial therapy is often used for the treat-

ment of atopic dermatitis, as the disease often is

complicated by secondary infection, facilitated by

scratching. Clinical studies show that patients col-

onized with S. aureus, but without signs of active

superinfection, improve in their eczema by antisep-

tic treatment [64, 65]. An anti-microbial soap also

decreased severity and extent of skin lesions more

than a placebo soap regimen, which correlated

with reductions in micro-organisms on the skin

surface [66]. However, the addition of the anti-

microbial alcohol pentylene-1,5-diol to a cortico-

steroid cream did not increase the clinical efficacy,

although the combination was superior in redu-

cing the numbers of S. aurerus [67]. Patients with

head and neck dermatitis are also suggested to

benefit from treatment with topical anti-mycotics

aimed at the Malassezi fungus.

Although controlled studies have revealed con-

flicting data on the value of systemic or topical anti-

microbial treatment, anti-microbial agents have

become an established adjunct to topical corticoster-

oid therapy in the treatment of the disease [41, 68].

However, long-term treatment with antibiotics

should only be used externally for short periods

because of the risk of developing resistance and con-

tact allergies. Moisturizers with high concentration

of the anti-microbial propylene glycol (20%) are

authorized as medicinal products in Sweden.

Food supplements

A range of dietary oil supplements has been sug-

gested effective for treatment of atopic dermatitis.

Some studies have also shown promising effects of

evening primrose oil, a vegetable oil rich in

gamma-linoleic acid, when administered orally to

atopic patients [69]. However, this has not been

confirmed in more recent double-blind and pla-

cebo-controlled studies on children [70] and on

adult patients [71].

Several investigations also indicate that food

supplement with probiotic bacteria has a beneficial

influence on the course of atopic dermatitis in chil-

dren [72–74]. The mechanism is not understood,

but inflammatory responses have been detected

after treatment with probiotic bacteria, indicating

that an innate immune response pattern may

underlie the therapeutic effect [75].

Clothes

Textiles are in close contact with the skin all day

long and may be useful to improve disrupted skin,

but they are also a possible cause of triggering or

worsening the lesions [76]. For example, clothing

has been proposed as an additional source of expo-

sure to mite and cat allergens. Wool fibre has also

frequently been shown to be irritant to the skin of

atopic patients, whereas cotton has a wider accep-

tability because of better conduction of heat and

good moisture absorption. Silk fabrics generally

used for clothes may not be particularly useful as

it reduces transpiration and may cause discomfort

when in direct contact with the skin. However, a

new type of silk fabric made of transpiring and

slightly elastic woven silk has been suggested for

the skin care of children with atopic dermatitis

[76].

The use of silver-coated textiles and silk fabrics

have been studied in atopic patients with promis-

ing results [77, 78]. Silver-coated textiles have an

anti-microbial action and have been found to

improve objective and subjective symptoms of

eczema significantly, showing a good wearing

comfort and functionality comparable with cotton

[77].

Skin cleansing

Skin cleansing is necessary to maintain an appro-

priate hygienic standard for patients with atopic

skin. However, care must be taken to minimize

further weakening of the stratum corneum barrier

and to prevent inflammation and dehydration.

Ideal for these patients are cleansers based on the

mild synthetic surfactants and/or emollients that

cause minimal barrier perturbation. Bath additives,

such as oils, may also be added to water and

reduce TEWL in perturbed skin [79].

The products available on the market differ in

composition and function. There are three major

categories of cleansing agents: soaps, synthetic
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surfactants, and surfactant-free cleansing agents.

Soap is traditionally considered as a surfactant

molecule obtained from the hydrolysis of triglycer-

ides into fatty acids and glycerol, i.e. an alkali salt

of a long-chain fatty acid. Synthetic surfactants

are chemical modifications of fatty acids, or similar

substances, to obtain other characteristics, such as

improved foaming. The traditional soap has pH

around 10, whereas synthetic surfactants allow

wider span of pH. Surfactant-free cleansers can be

defined as oils, possibly containing mild emulsifiers

to enhance the cleansing properties. Ordinary

creams and lotions, such as oil-in-water emulsions,

belong to the mildest cleansing products.

The irritancy potential of cleansing agents is

mainly a function of the types and concentrations

of surfactants in the product (Fig. 5), although the

presence of humectants, fats and polymers can

influence the overall mildness of a cleansing agent.

Incorporation of fats into a cleansing formulation

can actively deposit its fats onto the skin during

wash (Fig. 6). Furthermore, fats in soaps reduce

depletion of skin lipids by acting as sacrificial lipids

to saturate the micelles. Deposition of fatty sub-

stances from the soap on the skin surface has also

been suggested as a potential eczema-triggering

effect if the deposited residue also contains barrier

disrupting surfactants (Figs 4–6) [80, 81].

Emollient and moisturizers

Moisturizers are the obvious treatment for dry

skin, offering a steroid-sparing alternative to top-

ical corticosteroids in the treatment of atopic der-

matitis [82]. However, many healthcare

professionals and patients overlook their import-

ance and consider them not being ‘active treat-

ments’, although the stratum corneum

abnormality may be the primary exacerbant of

inflammatory skin diseases [2]. Application of

moisturizers to the skin induces tactile and visual

changes of the skin surface [83]. The ingredients

fill the spaces between partially desquamated skin

flakes. A dry rough surface can be expected to

accept larger dose (mg cm2) or formulations with

higher amount of non-volatile substances without

feeling greasy. Easily applied and rapidly absorbed

emulsions are more attractive than sticky and vis-

cous formulations.

Moisturizers increase stratum corneum hydra-

tion by occlusion of the skin surface, and by deliv-

ery of water-attracting humectants to the stratum

corneum. Furthermore, water in the applied prod-

ucts gives a temporary increase in skin hydration

[84], although most of the applied water will evap-

orate from the surface within the first hour after

application [84, 85]. Evaporation will lower skin

temperature, which may relieve pruritus. Occlu-

sion implies a simple reduction of evaporation of

water from the outside of the skin, where hydro-

phobic substances (e.g. fats) are well-known occlu-

sive substances and reduce water loss [84].

The inclusion of humectants in moisturizers

amplifies the hydrating power of the cream.

Humectants widely used are urea, PCA, lactic acid,

glycerin, panthenol and sorbitol. Which one of

these substances that most efficiently increases the

skin hydration is not known. Besides differences in

water-binding capacity, their absorption into the

skin is important for the effect.

Humectants might also influence the crystalline

arrangement of the bilayer lipids [86]. In dry skin,

the proportion of lipids in the solid state may be

increased, and humectants may then help main-

tain the lipids in a liquid crystalline state at low

relative humidity, and thereby promote luster of

the surface [86, 87]. For example, glycerin has

been shown to maintain the liquid crystalline state

of model lipids at low relative humidity [87]. Glyc-

erin has also been proposed to aid the digestion of
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European market claim to be mild.
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capacity. Modified from Lodén et al.

[80].
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the superficial desmosomes in subjects with dry

skin and thereby ameliorate dry flaky skin [21].

Furthermore, a-hydroxy acids, such as lactic acid,

might be useful in moisturizers because of their

influence on stratum corneum elasticity [88–90].

Increased elasticity reduces the risks for cracking

and barrier disruption. The use of proteases and

their inhibitors are also potential therapeutic tools

for atopic dermatitis [23]. The proposed mode of

action of proteases is to cleave the corneodesmo-

somal glycoproteins to make skin smoother by

removing the keratinous dead cell layer [22, 23].

Barrier improving effects

Moisturizers that not only diminish the signs of

dryness, but also improve an abnormal barrier

function and prevent deterioration of a normal bar-

rier are likely to reduce the prevalence of inflam-

matory dermatosis [2]. Thus, measurement of skin

barrier function is suggested to be an intermediate

biomarker (surrogate parameter) for eczema, which

is considered as the clinical end-point.

Accelerated barrier recovery is often found when

moisturizers are compared with untreated controls

in experimentally damaged skin [91–93]. In stud-

ies in diseased skin, the influence of moisturizers

on TEWL shows a more variable pattern. In atopic

patients, a urea-containing moisturizer (5% urea)

reduced TEWL [94] and another 4% urea-moistur-

izer was superior to 20% glycerin in lowering

TEWL (Fig. 7) [95]. Moreover, 10% urea lowered

TEWL in ichthyotic skin [96], whereas another

moisturizer-containing propylene glycol and lactic

acid increased TEWL after treatment of ichthyosis

[97]. Treatment of atopics with a moisturizer-con-

taining ammonium lactate as humectant induced

no changes in TEWL despite clinical improvement

of dryness [98].

The reason to the observed differences in bar-

rier-influencing effects among moisturizers may be

related to the composition of the formulations,

including pH. The pH-gradient in the epidermis

has been suggested to be of a great importance for

enzymes responsible for skin barrier function [32,
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Figure 6 The deposition of fat on the skin surface

(measured with a Sebumeter, Courage Khazaka) after

treatment with six different cleansers for 20 s and rinsing

with water for 5 s (A); and measurement of the increase

in transepidermal water loss after occlusion of the areas

with aluminium chambers for 24 h (B). n ¼ 18.

(1 ¼ Palmolive Naturals – Shower & crème with Shea

Butter Ultra nourishing. Colgate-palmolive, Liège, France:

Aqua, Sodium C12–13 Pareth Sulfate, Cocamidopropyl

Betaine, Lauryl Polyglucose, Parfum, Sodium Chloride,

Styrene/Acrylates Copolymer, Polyquaternium-7, Glycol

Distearate, PEG-50 Shea Butter, Citric Acid, Tetrasodium

EDTA, Laureth-4, and fragrance, preservative, colour.

2 ¼ . Änglamarks babysoap Coop, Denmark: Aqua,

MEA-Lauryl Sulfate, Sodium Laureth Sulfate, Cocamide

DEA, Disodium Cocoamphodiacetate, Magnesium Laureth

Sulfate, Sodium Laureth-8 Sulfate, Magnesium Laureth-8

Sulfate, Sodium Oleth Sulfate, Magnesium Oleth Sulfate,

Glycol Distearate, Cocamide MEA, Laureth-10, Passiflora

Incarnata, Isopropyl Myristate, Glycerin, Lactic Acid,

Hydrolysed Collagen, and fragrance, preservative.

3 ¼ Creme tvål ACO ACO HUD AB, Stockholm, Sweden:

Aqua, Glycerin, Sodium Laureth Sulfate, Cocamidopropyl

Betaine, Glycol Distearate, Lauryl Glucoside, Laureth-4,

PEG-7 Glyceryl Cocoate, Sodium Chloride, Disodium

EDTA and fragrance, preservative. 4 ¼ Nivea – Bath

Care – Caring Shower Treatment, Gently Foaming, Dry

Skin, Beiersdorf, Hamburg, Germany: Aqua, Paraffinum

Liquidum, Sodium Laureth Sulfate, Glycine Soya, Par-

fum, Acrylates/C10–30 Alkyl Acrylate Crosspolymer,

Prunus Dulcis, Simmondsia Chinesis, BHT, Propyl Gal-

late. and fragrance, preservative. 5 ¼ Dove Duschcreme

oil & silk Supreme silk, Lever Fabergé, Germany, Aqua,

Helianthus Annuus, Sodium C12–13 Pareth Sulfate,

Glycerin, Cocamidopropyl Betaine, Lauric Acid, Cocamide

MEA, Parfum, Petrolatum, Lanolin Alcohol, Macadamia

Temifolia, Serica, Guar Hydroxypropyltrimonium Chlor-

ide, Citric Acid, Disodium EDTA, Benzophenone-4, and

fragrance, preservative, colour. 6 ¼ ACO Emulsion soap.

Aqua, Coco-Glucoside, Canola, Cocamidopropyl Betaine,

Urea, Ceteth-20, Glycerin, Cetyl Alcohol, Glyceryl Stea-

rate, Sodium Chloride, Disodium EDTA, pH-adjuster,

Thickener, preservative.
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99, 100], where the maintenance of neutral or

alkaline pH in perturbed epidermis has been repor-

ted to reduce the activity of enzymes necessary for

the barrier recovery in mice and excised human

skin [99, 101]. Increase of skin surface pH has

also been suggested to deteriorate barrier function

by enhancing the desquamation of corneocytes by

increasing the activity of serine proteases (such as

stratum corneum chymotryptic enzyme and by

interfering with barrier lipid formation [102].

However, in a recent study on surfactant-irritated

human skin, no difference in skin barrier recovery

was found between areas treated with a cream

with pH 4.0 and a cream with pH 7.5, neither in

the early stage of the recovery (1 and 4 h) nor in

the late phase [103]. This suggests that pH of

applied formulations has minor impact on the

activity of the enzymes responsible for barrier

recovery in this experimental model of dermatitis.

The content of lipids has also been suggested to

influence skin barrier function. Topically applied li-

pids were previously considered to exert their

effects on the skin by forming an inert, epicutane-

ous, protective membrane. However, lipids may

diffuse deeper into the skin and change the compo-

sition of stratum corneum. For example, petrola-

tum is absorbed into the outer layer of delipidized

stratum corneum [104] and more physiological

applied lipids penetrate the skin [105–108] and

modify endogenous epidermal lipids [106, 109,

110]. Accelerated barrier recovery has been

observed in tape-stripped aged human skin a lipid

mixture with cholesterol as the dominant lipid

[111], whereas no acceleration of barrier recovery

in SLS-damaged human skin was monitored after

treatment with ceramide 3B in different emulsions

[112]. Neither did a moisturizer consisting of cera-

mide-3, cholesterol and fatty acids (skin identical

lipids) in a petrolatum-rich emulsion show superi-

ority to petrolatum emollient in human skin, dam-

aged by SLS and tape-strippings [113, 114].

However, compared with untreated skin [114] and

in an uncontrolled study in children with atopic

dermatitis, a ceramide-dominant lipid mixture

improved the skin with lower clinical scoring of

disease severity and decreased TEWL [115].

Recent studies in mice also show that epider-

mal lipid synthesis and processing can be stimu-

lated by application of activators of peroxisome

proliferating-activated receptors (PPARs) [116].

PPARs are activated by certain small hydrophobic

compounds, such as free fatty acids, leucotrienes,

oxygenated sterols and isoprenoids. Activators of

liver X receptor (LXR) stimulate epidermal differ-

entiation and improve permeability homeostasis

during fetal rat skin development [117]. Further-

more, cutaneous inflammation as it occurs in

contact irritant dermatitis is reduced by the

PPARa-agonist linoleic acid in mice [118]. More-

over, activators of LXRs display anti-inflammatory

activity in both irritant and allergic models of

dermatitis [119]. Influence of both the ‘brick’ and

the ‘mortar’ compartments of the barrier make

these activators potential therapeutic agents in

future dermatology.

Adverse effects from cosmetics

Compared with traditional drugs used by derma-

tologists, soaps and moisturizers can be considered

as relatively safe. However, adverse skin reactions

from topical preparations are common and virtu-

ally any topical substance can cause reactions in

sensitive skin. Atopics are particularly at risk for

adverse effects, because of the impaired barrier

function. The most common adverse reactions are

sensory or subjective sensations (no signs of

inflammation) immediately after application of a

topical product. Smarting, burning and stinging

sensations are examples of such reactions among

users of dermatologicals. Some preservatives (e.g.

sorbic acid, benzoic acid) and humectants (e.g.

PCA, urea and lactic acid) are well-known sub-

stances for causing subjective sensations. Combi-

nations with corticosteroids do not eliminate

stinging and 12–30% of patients using hydrocorti-

sone creams also report stinging [120, 121]. It is

Figure 7 Treatment of atopic skin for 30 days with 4%

urea induced significantly lower transepidermal water

loss than a glycerine emulsion and a placebo cream.

n ¼ 109. From reference 95, with permission.
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not known whether sensory sensations following

applications of moisturizers affect barrier properties

of the skin, but it has been shown that lactic acid

stimulates the production of ceramides and makes

skin more resistant to xerosis [122].

Moisturizers are usually free from strong irri-

tants, but a classic hydrophilic ointment is stabil-

ized with emulsifying wax (British Pharmacopoeia

1988) containing 10% of the well-known irritant

SLS as co-emulsifier. This aqueous cream may

cause adverse reactions when used as a stay-on

product and should be regarded as a soap substi-

tute. Also fatty acids sometimes found in moistur-

izers as emulsifiers can influence skin barrier

properties [123, 124].

Contact allergy may be induced by preservatives

and fragrances. Among the available preservatives

diazolidinyl urea, formaldehyde, methylchloroiso-

thiazolinone, methylisothiazolinone, methyldi-

bromo glutaronitrile and quaternium-15 are

considered to have the highest-sensitizing potential

[125], whereas parabens and phenoxyethanol

belong to the safest ones [125]. Almost all mois-

turizers and cleansing agents in the supermarket

contain fragrances and over 100 fragrance ingre-

dients have been identified as allergens [125]. Fra-

grance-free formulations reduce the risks for

unwanted exacerbation of the eczema.

Soaps and shower oils may induce unnecessary

damages to the skin. Instead of removing the

potential harmful material from the surface, stud-

ies demonstrate adverse effects and deposition of

barrier-impairing residues on the skin [62, 80,

81]. This may induce sub-clinical injuries and

delay skin barrier function recovery. For example,

in a case report, it was shown that a 7-year-old

boy with mild atopic dermatitis developed more

pronounced dermatitis after repetitive use of a

bath oil containing irritants [126]. In a comparat-

ive study, SLS was to the most irritating surfac-

tant, followed by sodium cocoyl isethionate,

sodium C12–15 pareth sulphate, disodium laureth

sulfosuccinate, sodium cocoamphoacetate, coca-

mide DEA, cocamidopropyl betaine and lauryl glu-

coside [127]. Notably, irritation studies on

cleansers suggest absence of correlation between

foaming capacity of soaps, pH and their irritating

power. Among the most irritating soaps, one con-

taining ammonium lauryl sulphate can be found

in combination with foam-depressing ingredients

at low pH [80]. Thus, neither foaming capacity

nor pH is indicative of mildness (Fig. 5)

[80,128,129]. Differences in irritating capacity

between cleansers with various pH [130] appear

more dependent on the combination of surfactants

and their inherent irritating capacity than on pH

of the products [127].

Professionals recommending moisturizers and

cleansers to patients with dry skin should base

their advice on the clinical studies showing bar-

rier-protecting effects of the products. Furthermore,

absence of potent allergens in the formulations

should be confirmed.

Conclusion

The skin forms a critical structural boundary and

a perceptual interface for the organism. The qual-

ity of skin in atopic patients affects the health of

the individual patient, as well as the costs for the

society. Our increasing awareness that the epider-

mal barrier dysfunction is an important compo-

nent of the pathophysiology of atopic dermatitis

should raise our attention on factors that influence

skin permeability. This includes mental health,

environmental agents and topical formulations.

Favouring environments that increase barrier

enhancing stimuli and reduce exposure to trigger-

ing factors are important issues for future research

and our community.
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