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Atopic dermatitis
Stephan Weidinger, Natalija Novak

Atopic dermatitis (also known as atopic eczema) is a chronic infl ammatory skin disease that is characterised by 
intense itching and recurrent eczematous lesions. Although it most often starts in infancy and aff ects two of ten 
children, it is also highly prevalent in adults. It is the leading non-fatal health burden attributable to skin diseases, 
infl icts a substantial psychosocial burden on patients and their relatives, and increases the risk of food allergy, asthma, 
allergic rhinitis, other immune-mediated infl ammatory diseases, and mental health disorders. Originally regarded as 
a childhood disorder mediated by an imbalance towards a T-helper-2 response and exaggerated IgE responses to 
allergens, it is now recognised as a lifelong disposition with variable clinical manifestations and expressivity, in which 
defects of the epidermal barrier are central. Present prevention and treatment focus on restoration of epidermal 
barrier function, which is best achieved through the use of emollients. Topical corticosteroids are still the fi rst-line 
therapy for acute fl ares, but they are also used proactively along with topical calcineurin inhibitors to maintain 
remission. Non-specifi c immunosuppressive drugs are used in severe refractory cases, but targeted disease-modifying 
drugs are being developed. We need to improve understanding of the heterogeneity of the disease and its subtypes, 
the role of atopy and autoimmunity, the mechanisms behind disease-associated itch, and the comparative eff ectiveness 
and safety of therapies.

Introduction
The description of atopic dermatitis (also known as 
atopic eczema) in ancient times already noted its clinical 
hallmarks—namely, intense itch and infl am matory 
eczematous lesions.1 Nowadays, atopic dermatitis is one 
of the most common chronic diseases and aff ects up to a 
fi fth of the population in developed countries. For 
many years, it was thought to be the fi rst manifestation 
of atopy (the familial propensity to become IgE-sensitised 
to environmental allergens) and the initial step in the 
so-called atopic march that ultimately leads to asthma 
and allergic rhinitis. As such, research into pathogenesis, 
prevention, and treatment focused on systemic 
abnormalities of humoral and T-cell-mediated immune 
responses. However, fi ndings from epidemiology and 
molecular research have questioned a primary role of 
allergic mechanisms and, although not detracting the 
importance of immune mechanisms, they have placed 
the epidermis and its barrier functions at the forefront of 
research and management eff orts.2,3

Prevalence
Lifetime prevalence has shown a worldwide increase in 
the past 30 years. In developed countries, it seems to 
plateau now at 10–20%, whereas it is lower but continues 
to increase in many developing countries.4,5 In roughly 
60% of cases, the disease manifests during the fi rst year 
of life (ie, early onset), but it can start at any age.6,7 The 
earliest clinical signs are skin dryness and roughness, but 
eczematous lesions usually do not occur before the 
second month of life. The course can be continuous for 
long periods or of a relapsing–remitting nature with 
repeated fl are-ups.6,7 The disease is mild in about 80% of 
aff ected children.8 Birth cohort studies6,9 have suggested 
that, in up to 70% of cases, the disease greatly improves or 
resolves until late childhood and that early and severe 
onset, family history of atopic dermatitis, and early 
allergen sensitisations are risk factors for a long course. 

However, recent prevalence estimates in adults of around 
10%10 and fi ndings from a paediatric registry11 suggest 
that the prevalence of persistent or adult-onset disease is 
higher than previously assumed. Further, patients who 
have apparently outgrown the disease continue to have 
so-called sensitive hyper-reactive skin and might have 
recurrences after long symptom-free periods.7

Clinical features and diagnosis
No specifi c laboratory or histological fi ndings have been 
reported, and thus the diagnosis relies exclusively on 
clinical features. Several sets of diagnostic criteria have 
been developed12—eg, the Hanifi n and Rajka criteria, 
and an empirically derived, simplifi ed version dis-
tinguishing essential, common, and associated features 
(appendix), which are useful in the clinical setting. 
Essential features are pruritus and eczematous lesions 
that can be acute, subacute, or chronic (fi gure 1). The 
lesions can aff ect any part of the body but typically show 
age-related morphology and distribution (fi gure 2); 
rarely, they can generalise to secondary erythroderma. 
Common features include generalised skin dryness 

Search strategy and selection criteria

We searched MEDLINE and the Cochrane Library for reports 
in English from Jan 1, 2010, to March 31, 2015. We used the 
search terms “atopic dermatitis”, “atopic eczema”, 
“childhood eczema”, “infantile eczema”, and “endogenous 
eczema”. Relevant articles were reviewed, and the most 
recent ones were preferably cited. Additional reports were 
identifi ed from the reference lists of selected articles. In 
general, we gave priority to studies in man for basic 
scientifi c research, and to randomised placebo-controlled 
trials and meta-analyses for clinical research. Some highly 
regarded older publications were cited either directly or 
indirectly through review articles.
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(xerosis; fi gure 1B), early onset, and atopy. Associated 
features include so-called stigmata such as hyperlinearity 
of the palms and soles, Dennie–Morgan lines, and 
Herthoge’s sign (fi gure 1F–H). Morphological variants 
include the follicular type characterised by densely 
aggregated follicular papules, which is frequently seen 
in dark-skinned and Japanese patients, and the prurigo 
type with erythematous, often excoriated papules and 
indurated nodules, which is sometimes seen in patients 
with longstanding disease. The UK working party 
criteria are a scientifi c refi nement of the Hanifi n and 
Rajka criteria of known validity and reliability, and are 
widely used for epidemiological and clinical studies 
of children.

Various methods have been established to measure 
disease severity. An international group working on a 
core outcome set for atopic dermatitis has recognised 
symptoms, objective signs, quality of life, and long-term 
control as core domains,13 with the Eczema Area Severity 
Index and the Scoring of Atopic Dermatitis Index as 
preferred systems to measure signs.14 High total or 
allergen-specifi c serum IgE concentrations are noted 
in many patients, although their absence does not 
exclude the diagnosis; the World Allergy Organization 
terminology uses the presence of specifi c IgE reactivity 
to distinguish atopic eczema from non-atopic eczema. 
In the fi rst 2 years of life, up to two-thirds of infants 
with moderate to severe disease show sensitisation to 
food allergens,15 whereas those with mild disease are 

less sensitised.6 However, only a minor proportion of 
sensitised infants have IgE-mediated food allergy, 
which manifests as immediate-type non-eczematous 
skin reactions (eg, pruritus, fl ush, urticaria, and angio-
edema) or gastrointestinal and respiratory symptoms, 
or both, but might be followed by eczema fl ares. 
Further, delayed reactions with gradual worsening of 
atopic dermatitis during 24–48 h after oral food 
challenge have been described.16 Although insuffi  cient 
data exist to accurately determine the prevalence of food 
allergy in individuals with atopic dermatitis, such 
allergy seems to aff ect around 30% of early and severe 
cases, is much lower in mildly aff ected and older 
children, and very rare in adults.17–19 Whereas allergies to 
milk, egg, and wheat typically resolve during childhood, 
allergies to nuts and fi sh often persist.16 As children 
grow older, the sensitisation pattern shifts towards 
inhalant allergens,20 the exposure to which might also 
contribute to fl ares. A subgroup of patients show 
specifi c IgE reactivity against microbial antigens (such 
as yeast and Staphylococcus aureus).21

Other types of dermatitis sometimes resemble atopic 
dermatitis, and atopic dermatitis-like rashes might occur 
with rare primary immunodefi ciency and keratinisation 
disorders, or as a result of nutritional defi ciencies (table). 
In adults with erythrodermic or adult-onset dermatitis 
that is poorly responsive to topical treatment, skin 
biopsies should be done to rule out the possibility of 
cutaneous T-cell lymphoma.

Figure 1: Close-up view of (A) healthy skin, compared with (B) non-lesional, (C) acute, (D) subacute, and (E) chronic lesional skin in atopic dermatitis, and 
(F–H) associated atopic stigmata
(B) Many patients with atopic dermatitis show generalised skin dryness (xerosis). (C) Acute lesions are characterised by diff use erythematous patches and oozing 
papulovesicles. (D) Subacute lesions appear red, dry, and scaly. (E) Chronic lesions are poorly demarcated and have scaly patches and plaques with excoriation and 
lichenifi cation. (F) Non-specifi c clinical features such as hyperlinear palms and soles are mostly seen in patients with fi laggrin mutations or ichthyosis vulgaris. 
(G) Dennie–Morgan lines are single or double folds beneath the lower eyelids. (H) The Herthoge’s sign refers to the thinning or absence of the lateral portion of the eyebrows.
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Frequent complications
The skin of patients with atopic dermatitis is prone to 
secondary infections, which tend to generalise. S aureus 
is a leading cause of skin and soft-tissue infections. It is 
present transiently on healthy skin,22 but permanently 
colonises patients’ skin and frequently provokes an 
impetiginisation of lesions (fi gure 3A).23 The progression 
to infection is often associated with a worsening of the 
disease. Eczema herpeticum (fi gure 3B) is a severe 
widespread skin infection with herpes simplex virus that 
occurs in up to 3% of patients, particularly in severely 

aff ected patients.24 Children and adolescents with atopic 
dermatitis also have an increased susceptibility to 
molluscum contagiosum virus infection (fi gure 3C).25 In 
patients with a so-called head and neck type of atopic 
dermatitis (fi gure 2), increased colonisation with and 
allergic sensitisation to the fungus Malassezia sympodialis 
are widely noted.26 Although patients generally do not 
have an increased risk for contact sensitisations, they 
are more frequently sensitised against components of 
emollients such as preservatives, fragrances, emulsifi ers, 
and antiseptics than are healthy individuals.27

Figure 2: Typical clinical appearance and locations of atopic dermatitis at diff erent ages
(A) In infants, atopic dermatitis is generally acute, with lesions mainly on the face and the extensor surfaces of the limbs. The trunk might be aff ected, but the napkin 
area is typically spared. (B) From age 1–2 years onwards, polymorphous manifestations with diff erent types of skin lesions are seen, particularly in fl exural folds. 
(C) Adolescents and adults often present lichenifi ed and excoriated plaques at fl exures, wrists, ankles, and eyelids; in the head and neck type, the upper trunk, 
shoulders, and scalp are involved. Adults might have only chronic hand eczema or present with prurigo-like lesions.
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Eff ects on patients
Itch, sleep deprivation, and social embarrassment due 
to visible lesions have substantial eff ects on the 
psychosocial wellbeing of patients and their relatives. In 
children, the eff ect of atopic dermatitis on health-related 
quality of life is similar to that of other major childhood 
disorders such as asthma and diabetes.28 Children and 
adolescents with atopic dermatitis are also at a roughly 
1·5-times increased risk for attention-defi cit hyperactivity 
disorder, which might be driven by sleeping problems.29 
Further, the prevalence of depression, anxiety, conduct 
disorder, and autism is increased, particularly in 
severely aff ected children.30 Adults with atopic dermatitis 
are more likely to have depression than are healthy 
individuals.31

Children with atopic dermatitis, particularly those with 
early sensitisation and severe disease, have an increased 
risk for asthma and allergic rhinitis.6 However, a systematic 
review of 13 cohort studies32 showed that only one in 
three infants with atopic dermatitis develops asthma; thus, 
the risk is lower than widely assumed. Further, in many 
cases, wheezing seems to coincide with or even precede 
development of skin symptoms, suggesting that it is a 
distinct subphenotype rather than a progressive so-called 
atopic march.2,6 A latent class analysis in two large pop-
ulation-based cohorts33 showed that only about 20% of 
children with atopic dermatitis followed disease trajectories 
that included the development of respiratory symptoms, 
and less than 7% showed development that resembled an 
atopic march. A cross-sectional analysis in 12 European 

Main age group 
aff ected

Frequency* Characteristics and clinical features

Other types of dermatitis

Seborrhoeic dermatitis Infants Common Salmon-red greasy scaly lesions, often on the scalp (cradle cap) and napkin area; generally 
presents in the fi rst 6 weeks of life; typically clears within weeks

Seborrhoeic dermatitis Adults Common Erythematous patches with yellow, white, or grayish scales in seborrhoeic areas, 
particularly the scalp, central face, and anterior chest

Nummular dermatitis Children and adults Common Coin-shaped scaly patches, mostly on legs and buttocks; usually no itch

Irritant contact dermatitis Children and adults Common Acute to chronic eczematous lesions, mostly confi ned to the site of exposure; history of 
locally applied irritants is a risk factor; might coexist with atopic dermatitis

Allergic contact dermatitis Children and adults Common Eczematous rash with maximum expression at sites of direct exposure but might spread; 
history of locally applied irritants is a risk factor; might coexist with atopic dermatitis

Lichen simplex chronicus Adults Uncommon One or more localised circumscribed lichenifi ed plaques that result from repetitive 
scratching or rubbing because of intense itch

Asteatotic eczema Adults Common Scaly, fi ssured patches of dermatitis overlying dry skin, most often on lower legs

Infectious skin diseases

Dermatophyte infection Children and adults Common One or more demarcated scaly plaques with central clearing and slightly raised reddened 
edge; variable itch

Impetigo Children Common Demarcated erythematous patches with blisters or honey-yellow crusting

Scabies Children Common† Itchy superfi cial burrows and pustules on palms and soles, between fi ngers, and on 
genitalia; might produce secondary eczematous changes

Congenital immunodefi ciencies

Hyper-IgE syndrome Infants Rare Pustular and eczematous rashes within fi rst weeks of life; staphylococcal infections of the 
skin, sinuses, and lungs; high serum IgE; eosinophilia

Wiskott-Aldrich syndrome Infants Very rare Rash identical to that of atopic dermatitis, usually in fi rst weeks of life in boys; 
microthrombocytopenia

Omenn syndrome Infants Very rare Early-onset erythroderma, diff use scaly rash, and chronic diarrhoea

Keratinisation disorders

Ichthyosis vulgaris Infants and adults Uncommon Dry skin with fi ne scaling, particularly on the lower abdomen and extensor areas; 
perifollicular skin roughening; palmar hyperlinearity; full form (ie, 2 FLG mutations) is 
uncommon; often coexists with atopic dermatitis

Netherton syndrome Infants and adults Very rare Eczematous lesions spread over the skin in a serpiginous linear pattern with double-edged 
scales; hair shaft anomalies (bamboo hair); increased IgE; eosinophilia

Nutritional defi ciency

Zinc defi ciency Children Uncommon Erythematous scaly patches and plaques most often around the mouth and anus; rare 
congenital form accompanied by diarrhoea and alopecia

Neoplastic disease

Cutaneous T-cell lymphoma Adults Uncommon Erythematous pink-brown macules and plaques with a fi ne scale; poorly responsive to 
topical steroids; variable itch (in early stages)

FLG=fi laggrin. *Common=roughly 1 in 10 to 1 in 100; uncommon=roughly 1 in 100 to 1 in 1000; rare=roughly 1 in 1000 to 1 in 10 000; very rare=less than 1 in 10 000. 
†Especially in developing countries. 

Table: Common diff erential diagnosis of atopic dermatitis
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birth cohorts34 showed that IgE-mediated sensitisation is 
not the major shared mechanism driving the excess 
comorbidity of asthma and allergic rhinitis.

Fewer high-quality data for comorbidities other than 
atopic and mental health disorders have been obtained. 
Preliminary evidence suggests that patients with atopic 
dermatitis are also at increased risk for alopecia areata, 
vitiligo, rheumatoid arthritis, and infl ammatory bowel 
disease,35,36 whereas the risk for type 1 diabetes and cancers 
such as glioma, meningioma, and acute lymphoblastic 
leukaemia is decreased.35,37

Eff ects on society
In the WHO 2010 Global Burden of Disease survey, 
atopic dermatitis ranked fi rst among common skin 
diseases with respect to disability-adjusted life-years38 
and years lived with a disease.39 These fi ndings show that 
the disease has an important health eff ect at a population 
level, albeit the true burden was probably underestimated 
because psychosocial eff ects and comorbidities were not 
considered. The economic eff ects have been investigated 
only in a few studies, which are not readily comparable 
because of diff erences in patient settings and cost-
accounting methods, but the overall medical costs seem 
to be high and broadly similar to those of diseases such 
as asthma. A review of four studies40 estimated that the 
average direct annual costs could be close to US$5 billion 
(infl ated to 2014 dollars) in the USA. Out-of-pocket 
expenses, such as for non-prescription expenditures, 
could constitute up to 10% of the household annual 
income.41 Comorbidities add further to the costs, as 
shown in a case-control cohort study of more than 
3 million people that showed an increase of 1·5 times in 
costs through comorbid atopic diseases.42

Causes and risk factors
The strongest risk factor is a positive family history for 
atopic diseases, particularly for atopic dermatitis.43 Twin 
studies suggested a heritability of more than 80%,44 
although this percentage might be an overestimation, 
since gene–gene interaction eff ects were not considered. 
Until now, 32 susceptibility loci have been identifi ed 
through gene-mapping studies, but they explain less than 
20% of the estimated heritability.45–50 The strongest known 
genetic risk factor is null mutations in fi laggrin (FLG), 
which encodes a key epidermal structural protein.51 FLG 
mutations cause the semidominant skin-scaling disorder 
ichthyosis vulgaris, which is characterised by abnormal 
skin dryness and palmar hyperlinearity—features often 
seen in patients with atopic dermatitis (table). Roughly 
10% of individuals of European ancestry carry a single 
null mutation in FLG and have mild ichthyosis vulgaris, 
and their risk for atopic dermatitis is increased by three 
times.51 Of note, most patients with atopic dermatitis do 
not have any FLG mutation, and up to 60% of carriers will 
not develop atopic disease51—ie, FLG mutations are 
neither necessary nor suffi  cient to cause atopic dermatitis.

Most of the other known risk genes contribute to 
immune mechanisms, particularly to innate immune 
signalling, T-cell activation, and T-cell specifi cation 
(fi gure 4). Only few of these genes have been implicated 
in other atopic traits, but many of them have been 
linked to other infl ammatory diseases, suggesting that 
non-atopy-related molecular processes are operational.45 
The inherited susceptibility is triggered into disease 
manifestation by environmental and lifestyle factors. Well 
established environmental risk factors are a so-called 
western diet with high amounts of sugar and poly-
unsaturated fatty acids, small family size, high education 

Figure 3: Bacterial and viral complications
The skin of patients with atopic dermatitis shows a less diverse microbiome, with a relative abundance of Staphylococcus aureus, than healthy individuals and an 
increased susceptibility to microbial superinfection. (A) Infantile atopic dermatitis with clinical signs of staphylococcal infection: aff ected areas typically present with 
increased erythema, oozing, and honey-coloured crusts. (B) Eczema herpeticum: monomorphic eruption of umbilicated and eroded punch-out vesicles 
predominantly occurs in eczematous areas. (C) Molluscum contagiosum infection: several fl esh-coloured hemispheric and slightly umbilicated papules of 2–3 mm are 
shown in the fl exural area of a patient with atopic dermatitis. Lesions also occur on non-infl amed skin and could spread by autoinoculation.
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level in the household, and living in urban settings and 
regions with low exposure to ultraviolet radiation and low 
humidity.52 A systematic review of 113 population-based 
studies53 identifi ed no clear evidence for a role of specifi c 
infections or vaccinations, but that atopic dermatitis 
has a signifi cant positive association with exposure to 
broad-spectrum antibiotics during pregnancy and infancy, 
particularly frequent courses; some less consistent 
evidence was reported for protective eff ects of early day 
care, endotoxin exposure, consumption of unpasteurised 
farm milk, and exposure to dogs—ie, increased exposures 
to non-pathogenic microorganisms.

Main mechanisms of disease
The two major and converging pathophysiological 
peculiarities are abnormalities of epidermal structure 
and function, and cutaneous infl ammation due to in-
appropriate immune responses to antigens encountered 
in the skin. The primary events and key drivers of the 
disease are topics of continuing debate;3 however, clearly, 
skin barrier biology and immune mechanisms closely 
interact.

The skin is an effi  cient physicochemical, microbial, and 
immunological barrier that exerts several protective 
functions, many of which are in the epidermis. 

Figure 4: Key pathophysiological changes in atopic dermatitis
(A) The protective functions of the skin are mainly mediated by the stratum corneum, which consists of corneocytes fi lled with keratin fi brils and surrounded by a cornifi ed cell envelope of a densely 
cross-linked layer of proteins. A monolayer of non-polar lipids is esterifi ed to the cornifi ed envelope and forms the matrix for the intercellular lipid bilayers. Corneodesmosomes form bridges between 
corneocytes and must be degraded for desquamation. (B) Clinically unaff ected skin of patients with atopic dermatitis shows epidermal barrier dysfunction with reduced expression of several epidermal 
diff erentiation gene products such as fi laggrin, altered lipid composition and organisation, release of innate immune cytokines from keratinocytes, and increased exposure to and uptake of antigens with 
subsequent B-cell and T-cell priming in the lymph nodes. Further, there are signs of low-level infl ammation with some infi ltration by Th2 and Th22 cells, and increased expression of Th2-promoting cytokines 
and chemokines. The microbial diversity is reduced in favour of S aureus. Text boxes show the most plausible candidate genes in susceptibility loci identifi ed through genome-wide association studies. (C) The 
transition from non-lesional to acute lesional skin is associated with upregulation of a subset of terminal diff erentiation genes, in particular S100A7, S100A8, and S100A9, whereas the expression of other 
epidermal diff erentiation genes such as fi laggrin remains low. Despite induction of AMPs, the abundance of S aureus further increases; S aureus-derived proteases and enterotoxins contribute to barrier 
disruption and infl ammation. LCs and IDECs bearing specifi c IgE bound to the high-affi  nity receptor for IgE (FcεRI) and dermal DCs take up allergens and antigens encountered in the defi cient epidermis. 
TEM cells are activated from local skin pools and in regional lymph nodes. Th2 and Th22 responses are amplifi ed, and initial Th1 and Th17 responses are induced. Their pro-infl ammatory mediators further 
impair epidermal diff erentiation and integrity, and activate keratinocytes to release pro-infl ammatory and pruritogenic mediators. (D) Chronic lesions are characterised by further progression of epidermal 
hyperplasia, altered corneocyte composition and adhesion, and reduced amounts of intercellular lipids. Continued activation of Th2 and Th22 subsets and activation of Th1 and Th17 pathways further impair 
epidermal barrier function, accelerate local infl ammation, and promote cutaneous remodelling and neuroinfl ammation. AMP=antimicrobial peptides. DC=dendritic cell. EO=eosinophil. IDEC=infl ammatory 
dendritic epidermal cell. ILC=innate lymphoid cell. LC=Langerhans cell. MC=mast cell. S aureus=Staphylococcus aureus. TEM=eff ector memory T cell. Th=T-helper. TSLP=thymic stromal lymphopoietin.
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The two major epidermal barrier structures are the 
stratum corneum and its main structural components 
(fi gure 4), and tight-junction proteins, which mediate 
keratinocyte adhesion in the stratum granulosum and are 
thought to contribute to the paracellular diff usion barrier.54 
Stratum corneum function crucially depends on proper 
diff erentiation of keratinocytes, coordinated activity of 
acid, lipid, and enzyme constituents, and balanced 
desquamation of corneocytes. Several stratum corneum 
abnormalities are well established features associated 
with atopic dermatitis,54 such as decreased hydration and 
increased water loss,55,56 altered lipid composition with 
reduced ceramide content and chain length, decrease of 
some ceramide classes, aberrant lamellar organisation,56–58 
raised skin pH,56 aberrant activity of serine proteases,59 
and reduced skin microbiome diversity with an increased 
abundance of S aureus.23

For a long time, these features were regarded as 
secondary eff ects of immunological mechanisms.3 
However, insights into genetically determined 
epidermal defects that confer susceptibility to atopic 
dermatitis have shifted the focus to impairments of 
epidermal function.60 Apart from inherited FLG null 
mutations, several factors such as FLG copy number 
variants, mechanical damage, low humidity, and the 
cutaneous cytokine dysbalance in atopic dermatitis 
cause a reduction in fi laggrin expression.61 Filaggrin 
defi ciency aff ects several pathways that are relevant for 
epidermal barrier dysfunction, including disturbed 
keratinocyte diff erentiation,62 impaired corneocyte 
integrity and cohesion,63 impaired tight-junction form-
ation,63 decreased water retention,55,56 stratum corneum 
acidifi cation,64 altered lipid formation,56,63,64 and enhanced 
cutaneous infectivity.65,66 Further, fi laggrin defi ciency is 
associated with subclinical infl ammation,67–69 increased 
permeability to low-molecular-weight, water-soluble 
tracers,63,67,70 reduced infl ammatory thresholds to 
irritants and haptens,67,68 and enhanced percutaneous 
allergen priming.68,71 However, poor epidermal barrier 
function is not confi ned to defects of structural proteins 
and not exclusive to FLG mutation carriers. Other 
inherited factors and environmental exposures such as 
soaps, detergents, exogenous proteases (eg, from mite 
allergens), and repetitive scratching might impair 
various aspects of barrier function.54 Supposedly, 
diff erent combinations and accumulations of inherited 
and exogenous factors can initiate a breakdown of 
epidermal function.

Cutaneous infl ammation is the second hallmark and 
is characterised by sequential and progressive patterns 
of infl ammatory cell infi ltration, particularly by 
CD4+ cells (fi gure 4). Non-lesional skin already shows 
signs of a subclinical infl ammation with increased 
numbers of T-helper-2 (Th2) cells, Th22 cells, and, to a 
lesser degree, Th17 cells, and a pro-infl ammatory 
cytokine milieu.72 Infi ltrating T cells express various 
skin-homing adhesion molecules, such as cutaneous 

lymphocyte antigen, chemokines, and lipid chemo-
attractant receptors, which enable their recruitment into 
cutaneous sites.73 Besides constant recirculation through 
the skin, antigen-primed T cells persist as resident 
eff ector memory cells in local skin pools and exert 
rapid recall responses.73 Further, increased numbers of 
Th2-cytokine-producing type 2 innate lymphoid cells are 
found in atopic dermatitis lesions and contribute to local 
infl ammation.74,75

The progression to fl ares is characterised by increased 
epidermal thickness with sprouting of nerve fi bres,76 
enhanced expression of immunostimulatory chemo-
kines,77 and noticeable infi ltration, particularly by Th2 
cells and epidermal dendritic cells.77–79 In chronic lesions, 
the cellular infi ltrate is further expanded but contains 
both Th2 and Th1 cells, and it has fewer Th22 and Th17 
cells than acute lesions.78 Th17 and Th22 cells, together 
with chemokines and cytokines derived from fi broblasts 
and keratinocytes, such as thymic stromal lympho-
poietin,80 drive tissue remodelling and fi brosis.81,82 Thymic 
stromal lymphopoietin also enhances maturation 
and proliferation of dendritic cells, promotes Th2-cell 
polarisation, and induces B-cell proliferation and 
diff erentiation.83 Treated and resolved areas continue to 
show immunological and structural abnormalities that 
might contribute to the reoccurrence of infl ammation at 
the same sites.84

In atopic dermatitis, apart from dermal dendritic cells, 
antigen presentation occurs through epidermal 
Langerhans cells and infl ammatory dendritic epi-
dermal cells, which bear a trimeric high-affi  nity receptor 
for IgE.85 Through IgE bound to this receptor, these cells 
can take up allergens that classically cause immediate-
type allergic reactions and induce T-cell-mediated 
reactions of the delayed type.85 T-cell responses might 
also be directed towards self-antigens, at least in 
subgroups of patients. Several keratinocyte-derived 
antigens that bind to IgE have been described, many of 
which show homology with environmental allergens.86 
A systematic review87 provided evidence for IgE 
autoreactivity in up to a third of patients. Preliminary 
evidence has also been reported for the presence of 
autoreactive T-cell clones in the skin and blood of 
patients.88,89 However, their frequency, specifi cities, and 
temporal importance remain to be determined.

Epidermal barrier disruptions and skin infl ammation 
are mutually reinforcing processes (appendix). Pertur-
bations of the epidermal barrier intrinsically stimulate 
infl ammation by activation of keratinocytes to release 
chemokines that attract T cells,90 cytokines mediating 
innate immune responses (such as members of the 
interleukin [IL]-1 family),69 and cytokines driving Th2-cell 
polarisation and Langerhans-cell activation (such as 
IL-25,91 IL-33,92 and thymic stromal lymphopoietin).93 
Accumulating evidence shows that interaction of the 
compromised barrier with this immune environment 
also promotes percutaneous allergic sensitisation.71,94,95 
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The defi cient epidermal barrier, together with an 
insuffi  cient upregulation of specifi c antimicrobial 
peptides, further enhances colonisation with S aureus.96,97 
S aureus contributes to exacerbations and chronifi cation 
through production of proteases,98 stimulation of innate 
signalling pathways,99 and release of enterotoxins that 
act as T-cell-activating superantigens;100 it can also cause 
IgE-mediated sensitisation21 and directly induce 
degranulation of mast cells.101 The susceptibility to 
herpes simplex virus infection seems to result from a 
combination of epidermal defi ciency65 and aberrant 
innate102 and adaptive24,103 immune responses.

In turn, cutaneous infl ammation and immune 
dysregulation aff ect epidermal structure and function. 
In particular, the expression of diff erentiation-associated 
proteins and tight-junction proteins is decreased,104–107 
protease activities are upregulated,108 and lipid synthesis 
and processing are impaired.109 The crosstalk between 
keratinocytes and immune cells is also crucial in the 
regulation of itch.110 On activation, these types of cells 
both generate high concentrations of mediators that 
contribute to sprouting of nerve fi bres and directly or 
indirectly stimulate sensory nerve endings.110 Thymic 
stromal lymphopoietin derived from keratinocytes 
seems to have a dual role in that it directly communicates 
with somatosensory nerves110 and elaborates Th2 
cytokines such as IL-13 and IL-31, which stimulate nerve 
fi bres directly and via upregulation of the release 
of cellular pruritogens.111,112 The resulting neurogenic 
infl ammation completes the vicious circle by promotion 
of Th2 responses, keratinocyte proliferation, and 
epidermal thickening.113

Management
Atopic dermatitis cannot be cured at present; thus, the 
aim of management is to improve symptoms and achieve 
long-term disease control with a multistep approach, as 
outlined in national and international guidelines 
(appendix). The main principles are continuous 
epidermal barrier repair with emollients, avoidance of 
individual trigger factors, and anti-infl ammatory therapy 
with topical corticosteroids or calcineurin inhibitors. 
In severely aff ected cases, phototherapy or systemic 
immunosuppressants are indicated (appendix).

Treatment failure due to poor adherence, in particular 
to topical therapy, is common and is related to irrational 
fears around potential adverse eff ects of corticosteroids, 
insuffi  cient information, and inconvenience of regi-
mens.114 Therefore, doctors should spend suffi  cient time 
to explain the disease and its treatment, and to keep the 
regimen straightforward and tailored to the individual 
patient. Written action plans might be helpful. More 
comprehensive and structured education and training 
programmes, such as multidisciplinary training schools 
and nurse-led clinics, reduce disease severity and improve 
quality of life.115 A wide range of other educational, 
psychological, and behavioural interventions with 

diff erent service delivery models is available, but trial data 
to assess their eff ectiveness are insuffi  cient at present.115 

Randomised controlled trials and systematic reviews of 
atopic dermatitis treatments are deposited in the Global 
Resource for Eczema Trials database.

The generalised skin dryness and research evidence for 
a major pathogenic role of epidermal dysfunction 
underscore the importance of continuous restoration 
and maintenance of epidermal barrier homoeostasis. 
Although supported by few trial data, the frequent and 
generous use of emollients is of key importance in this 
respect.116 Emollients soften the skin through supply of 
exogenous lipids and reduce water loss by formation of 
an occlusive layer. Added humectants such as urea (not 
to be used in infants), glycerine, and lactic acid can 
further increase water binding in the stratum corneum. 
Some new products contain other adjuvant ingredients 
such as ceramides and essential fatty acids, but no 
evidence exists for their superiority over traditional 
emollients. Likewise, no evidence has been reported 
to support the benefi t of preparations containing 
antiseptics and antimicrobials. To avoid irritant and 
allergic reactions, emollients with few ingredients and 
without fragrances and perfumes should be used. 
Further, the choice of emollients should meet the 
individual patient’s needs—ie, age, body area, acuteness, 
climate, and individual preferences. Creams with 
intermediate lipid content are best applied on large and 
subacute areas. Ointments are richer in lipids, provide 
more lubrication and occlusion, and are useful for 
treatment of dry and lichenifi ed areas. Lotions have a 
high water content and can be used to cool or dry strongly 
infl amed and oozing lesions. Emollients should be used 
at least twice per day all over the body, including after 
bathing; soaps, bubble baths, and shower gels should be 
replaced by non-soap fragrance-free cleaners with a 
neutral to low pH.116 The true added value of bath 
additives is unclear.

Factors widely assumed to provoke fl ares or cause 
worsening of the disease include specifi c factors such as 
food, inhalant, or contact allergens, and unspecifi c 
factors such as detergents, wool fabrics, extremes of 
temperature and humidity, infections, cutaneous 
microbial colonisation, and psychological stress.117,118 In 
general, these factors have not been well studied for their 
role in fl ares, and most recommendations are based on 
clinical experience and theoretical considerations rather 
than scientifi c evidence. Therefore, environmental 
avoidance measures should be individualised and based 
on a defi nite history of worsening after exposure, along 
with allergy testing when necessary.119–121

Topical corticosteroids are the fi rst-line anti-infl am-
matory treatment to control acute exacerbations. Their 
effi  cacy has been measured in several randomised 
controlled trials.122 A systematic review123 showed that their 
appropriate intermittent use bears little risk. Available 
products diff er in terms of type, potency, concentration of 

For more on the Global Resource 
for Eczema Trials see www.

greatdatabase.org.uk
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the active molecule, and the formulation. Although most 
countries recognise four classes of strength, from mild 
(class I) to very potent (class IV), the US classifi cation, 
which considers both drug concentration and formulation, 
ranges from ultra-high potency (group I) to low potency 
(group VII). As a general rule, on the face, on areas with 
thinner skin, and in children, low-potency corticosteroids 
are preferred, except for short-term treatment of severe 
fl ares. Traditionally, a twice-daily application on aff ected 
areas is recommended, but a systematic review of ten 
randomised controlled trials124 showed that, for more 
potent and newer preparations, a once daily application is 
equally eff ective. As an acute intervention, (diluted) 
corticosteroids can also be applied under wet wrap 
dressings to enhance penetration and skin hydration.125 
No evidence exists to support a benefi t from combinations 
of topical corticosteroids and antiseptics over topical 
corticosteroids alone.

Topical calcineurin inhibitors are non-steroidal anti-
infl ammatory agents that are available as ointments 
(tacrolimus 0·03% and 0·1% for adults, 0·03% for 
children aged ≥2 years) and creams (pimecrolimus 1% 
for patients aged ≥2 years). They are regarded as a 
second-line option for short-term and intermittent 
treatment. Systematic reviews of randomised controlled 
trials126,127 showed that they are safe and eff ective, and that 
the potency of tacrolimus 0·1% is roughly equivalent to 
that of moderately potent topical corticosteroids, and the 
potency of pimecrolimus cream is roughly similar to that 
of mildly potent topical corticosteroids. The main 
rationale for topical calcineurin inhibitors is that they do 
not cause skin atrophy and are therefore of particular 
value in delicate skin areas such as the face and 
the groins.128,129 However, a multicentre, open-label, 
randomised, parallel-group phase 4 trial130 did not report 
any evidence of clinically signifi cant skin thinning when 
mild to moderate topical corticosteroids were used in 
infants aged 3–12 months for a period of 5 years. Topical 
pimecrolimus treatment needed considerable so-called 
rescue treatment from topical corticosteoids, but not vice 
versa. In the absence of safety data for the long-term 
continuous use of topical calcineurin inhibitors, the US 
Food and Drug Administration issued a black box 
warning regarding a theoretically increased risk for 
lymphoma and non-melanoma skin cancer (induced by 
ultraviolet radiation), but no scientifi c evidence of such 
an increased risk has been reported.

The absence of controlled studies investigating the best 
order of and interval between topical applications is an 
important issue for clinical practice. At present, the 
general recommendation is to apply emollients fi rst and 
leave at least an hour until corticosteroids or calcineurin 
inhibitors are applied, or to apply them at diff erent times 
of the day, to avoid their dilution and diversion.

After stabilisation of an acute fl are, remission 
maintenance should be attempted through continued 
emollient treatment. Additionally, application of topical 

corticosteroids or topical calcineurin inhibitors to 
previously active sites for two consecutive days per week 
can further reduce fl ares, as shown in a systematic review 
of eight vehicle-controlled trials.131 This so-called proactive 
secondary prevention approach is especially useful in 
patients with frequent outbreaks on the same body sites 
and can be scheduled, for example, as a so-called 
pulsed weekend therapy.

If the disorder cannot be controlled with topical 
measures, short-term phototherapy (usually 4–8 weeks) 
should be considered. A systematic review of 19 randomised 
controlled trials132 showed that narrow-band ultraviolet B 
radiation and medium-dose ultraviolet A1 radiation are 
more eff ective than other phototherapy regimens. Because 
of a potentially increased cumulative risk of skin cancer, 
phototherapy should not be combined with topical 
calcineurin inhibitors and systemic ciclosporin treatment, 
and should be used with caution in children.

When topical treatment and phototherapy fail, systemic 
immunosuppressive therapies are required. The most 
widely used agents are ciclosporin, azathioprine, 
methotrexate, and mycophenolate mofetil. With the 
exception of ciclosporin, which is licensed for short-term 
treatment of severe refractory atopic dermatitis in many 
European countries, these agents are used off -label. In 
a systematic review summarising fi ndings from 
34 randomised controlled trials on systemic therapies,133 
the strongest evidence was reported for the eff ectiveness 
of ciclosporin in both adults and children. A meta-analysis 
of 18 controlled and uncontrolled trials134 showed a 
roughly 50% improvement in mean disease severity after 
6–8 weeks of treatment. Ciclosporin has a rapid onset of 
action and can be used for a short course or several 
courses of 12 weeks with intermission periods, or 
continuously for up to 1–2 years.134 Unfortunately, its 
discontinuation is often followed by disease relapses. 
Mycophenolate mofetil has a favourable side-eff ect 
profi le but is regarded only as a third-line option because 
of insuffi  cient eff ectiveness data. A randomised 
controlled trial135 showed that it might be a valuable 
option for long-term maintenance after induction 
therapy with ciclosporin. The effi  cacy of azathioprine in 
short-term (up to 24 weeks) treatment is well established, 
whereas fewer conclusive data are available on 
methotrexate. In a randomised comparison trial,136 both 
azathioprine and methotrexate led to a reduction of 
clinical scores by roughly 40–50%, but their relative 
effi  cacy could not be estimated reliably. On the basis of 
indirect comparisons, both drugs seem to be less effi  cient 
than ciclosporin, but are also safe and well tolerated 
in children.137,138 Systemic corticosteroids have an 
unfavourable risk–benefi t profi le, and insuffi  cient trial 
evidence has been reported for their use in atopic 
dermatitis; therefore, they should be restricted to 
exceptional cases and short-term treatments.

A systematic review of 26 studies of 1229 participants139 
showed no clear evidence for a clinical benefi t of 
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anti-staphylococcal interventions such as antiseptic bath 
additives or soaps, or the addition of antimicrobial agents 
to topical therapies in non-infected atopic dermatitis, 
although such agents might be helpful for individual 
patients with frequent superinfections. Although no 
clear evidence supports the role of topical antiseptics in 
clinically infected atopic dermatitis, such antiseptics 
might be suffi  cient to treat small areas and are preferable 
over topical antibiotics with regard to the development 
of bacterial resistance. More extensive forms of 
superinfection need treatment with short courses of 
systemic antibiotics. In any case, topical therapy with 
emollients and corticosteroids should be continued.140 
If eczema herpeticum is suspected, treatment with 
systemic aciclovir should be started immediately. 
Molluscum contagiosum is usually self-limited, but 
lesions often resolve slowly and tend to spread in patients 
with atopic dermatitis. For very large, widespread, or 
persistent molluscum contagiosum infection, several 
treatment options exist, but none is universally eff ective.25 
Patients with the head, neck, and shoulder type of atopic 
dermatitis and those sensitised to Malassezia spp might 
benefi t from a course of oral azole antifungals for 
1–2 months.21,141 The eff ectiveness of topical antifungals 
has not been well studied.

Oral H1-antihistamines are frequently used in atopic 
dermatitis, but little evidence exists that they are eff ective 
for atopic dermatitis signs and symptoms, including 
itch.142 No evidence has been reported in favour of 
probiotics,143 dietary supplements,144 botanical extracts,145 
and homoeopathy.146 Similarly, no evidence-based recom-
mendation for the routine use of specialised clothing 
fabrics can be made, but, in individual cases, silk 
garments or clothing impregnated with silver might be 

benefi cial.147 The value of specifi c immunotherapy for 
atopic dermatitis is still unclear.148

Driven by new research fi ndings and advances in 
biotechnology, several therapies that act on specifi c 
molecular targets are emerging. Although the develop-
ment of these approaches (eg, to restore fi laggrin 
defi ciency149,150) is still in early stages, drugs modifying 
immune pathways involved in atopic dermatitis are 
already in advanced stages of development (appendix). 
An analysis of pooled randomised controlled phase 1b 
studies on dupilumab,151 a monoclonal anti-IL-4Rα 
antibody, showed large improvements in clinical scores 
and pruritus.

Prevention
No primary prevention strategy has been established at 
present. Most interventions tested so far focused on 
allergen avoidance or immunomodulation,152 but an 
overview of systematic reviews153 did not report clear 
evidence for eff ectiveness of measures such as maternal 
dietary antigen avoidance during pregnancy and breast-
feeding, long-term breastfeeding, hydrolysed protein 
formulas, soy formulas, omega-3 or omega-6 fatty acid 
supplementation, and interventions with prebiotics or 
probiotics. Similarly, results from a German birth cohort 
study154 showed no evidence in support of a delayed 
introduction of solid foods. Prevention approaches aiming 
to enhance skin barrier function have been developed. 
One pilot study155 and two randomised controlled trials156,157 
reported that a daily full-body emollient therapy from 
birth reduced the cumulative incidence of atopic 
dermatitis in high-risk infants by 30–50%.

Unresolved questions
Despite much progress (panel), a synthesis of research 
fi ndings for atopic dermatitis has proved diffi  cult. Our 
under standing of the natural history of childhood disease 
and the factors determining its remission and persistence 
is incomplete, as is the knowledge on epidemiology and 
clinical features in adults. Ironically, pathophysiological 
investigations were mostly done in tissue from (few) adult 
patients, and the generalisability of these results is 
unclear. Epidermal dysfunction is undoubtedly a major 
pathogenic mechanism, but is it the primary driver and 
equally important in all patients, and how exactly does 
it aff ect the permeability for exogenous substances? 
Autoimmune mechanisms might be of particular 
relevance for chronifi cation and persistence, but their 
exact role has yet to be defi ned. The precise mechanisms 
through which emollients exert their benefi cial eff ects are 
insuffi  ciently understood, and few evidence-based data 
exist to guide the selection of specifi c preparations. 
Knowledge of the relative importance of the diff erent 
barrier components and their relation with immune 
regulation needs to be deepened to optimise barrier 
enhancement approaches. Likewise, more research 
addressing the comparative eff ectiveness of available 

Panel: Important developments in understanding and management of atopic 
dermatitis

• Atopic dermatitis starts most frequently in infancy but is outgrown less often than 
widely assumed; in most patients, it causes life-long skin problems

• The associations of atopic dermatitis with asthma and allergic rhinitis are weaker than 
previously assumed

• Atopic dermatitis causes substantial psychological morbidity
• Apart from T-helper-2 (Th2) cells, other T-cell subsets such as Th1, Th17, and Th22 cells 

contribute to skin infl ammation
• A large fraction of eff ector T cells are recruited from skin-resident pools of memory cells
• Autoimmune mechanisms might contribute to the chronicity of the disease
• Inherited and acquired factors lead to abnormal epidermal structure and function
• Thymic stromal lymphopoetin derived from keratinocytes drives allergic responses, 

skin remodelling, and itch
• The continuous use of emollients is important in established disease, and their early 

use from birth might have preventive eff ects
• A proactive application of topical corticosteroids and calcineurin inhibitors for 

two consecutive days per week can help to reduce disease fl ares
• Data for long-term safety and comparative eff ectiveness of systemic 

immunosuppressive therapies are insuffi  cient 
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topical and systemic anti-infl ammatory therapies is 
needed. Finally, although itch is a major symptom, 
knowledge on its precise mechanisms is incomplete.

Many of the uncertainties are related to the striking 
heterogeneity of the disease, which is exemplifi ed by 
variations in clinical features, course, and individual risk 
factors, and shown by the absence of reliable biomarkers, 
diagnostic tests, or specifi c treatments that would apply 
to all patients. The broad and inclusive notion of atopic 
dermatitis probably encompasses distinct subtypes with 
varying importance of diff erent and interacting 
pathomechanisms that aff ect the homoeostasis of 
epidermal barrier function and immune response 
(appendix). To divide the disease into meaningful 
subtypes, long-term longitudinal studies with improved 
phenotyping and integration of clinical and molecular 
data will be instrumental.
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