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Atopic dermatitis (AD) is one of the most common skin
disorders (1, 2). The disease starts commonly during the first
year of life, this form being classified as the ‘early type of
onset’ of AD (3-5). The disease clears up during infancy or
childhood in a majority of these patients (6). However, in
severe cases, AD can persist with a chronic recurrent course
until adulthood and this subtype is often very recalcitrant to
any treatment strategy (7). Early onset of AD can also be the
start of an ‘allergic career’ or atopic march, which often leads
to the manifestation of other atopic diseases such as allergic
asthma and rhinoconjunctivitis (8, 9). In some patients, AD

Abbreviations

AD, atopic dermatitis; IgE, immunoglobulin E; S. aureus,
Staphylococcus aureus; HSV, herpes simplex virus; SCORAD,

SCORing Atopic Dermatitis.

Abstract

Background: Atopic dermatitis (AD) starts most often during the first years of
life and goes into remission in a high proportion of cases during childhood. How-
ever, in severe cases, AD persists until adulthood or starts and relapses later in
life. So far, studies investigating the natural course of AD during adolescence and
adulthood are rare. The aim of our study was to classify different courses of AD
and to correlate these with specific risk factors for severe variants of AD.
Methods: A detailed clinical examination and retrospective evaluation of the
history of the disease were performed in a collective of 725 adolescent and adult
patients with AD. Laboratory data including total and specific IgE were evaluated.
Results: Six hundred and seven patients of 725 patients could be classified into
course types. Of these 607 patients 85.7% could be classified into five main differ-
ent course types of all 31 course types recorded. The highest differences in the
number of sensitizations, total immunoglobulin E serum levels and predilection
of the skin lesions were observed between patients with an early type of onset of
AD and a chronic persisting course until adulthood and patients with a late type
of onset of AD, that is, after the 20th year of life.

Conclusion: Our data show that the natural course of AD can be divided into
subgroups that display different clinical features. The data support the assump-
tion of a broad heterogeneity of AD in adolescence and adulthood and emphasize
the future need for careful stratification of patients with AD.

is not present during childhood but starts or relapses later in
life (i.e. after 20 years of age) (10).

Genetic predisposition to an impaired skin barrier, for
example, caused by loss-of-function mutations in the filaggrin
gene, which are present in about one-third of Caucasian
patients with AD, was identified recently as another potential
risk factor for severe courses of AD (11-15).

One of the most important tasks in the treatment of this
chronic skin disease is effective prevention strategies, which
should be aimed to achieve early intervention or by design-
ing disease-modifying strategies (16) before serious patho-
logic changes such as the increase in sensitizations or the
development of immunoglobulin E (IgE) autoreactivity (17)
occur. It is obvious that the prerequisite for any interventional
approach is the identification, ideally by relevant and
validated biomarkers, of patients at risk for a chronic course
(18) or to identify patients for a more personalized therapeutic
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Table 1 Classification of the different subgroups and course types of AD are summarized. Frequencies of the different course types within

the cohort of patients with AD are shown

Courses type | infantile phase childhood juvenile phase | adolescent phase adult Number of Percentage of
of AD 0-2 years phase 6-14 years 14-20 years phase patients (n) patients
2-6 years >20 years
Subgroup I: Start of AD between birth and 2™ year of life
1 0 0%
2 2 0.33%
3 2 0.33%
4 1 0.16%
5 189 31.14%
6 1 0.16%
7 0 0%
8 4 0.66%
9 0 0%
10 7 1.15%
1 8 1.32%
12 0 0%
13 0 0%
14 15 2.47%
15 6 0.99%
16 13 2.14%
Subgroup lI: Start of AD between 2™ and 6"
17 1 0.16%
18 0 0%
19 0 0%
20 84 13.84%
21 0 0%
22 7 1.15%
23 6 0.99%
24 3 0.49%
Subgroup llI: Start of AD between birth and 6'
25 0 0%
26 0 0%
27 58 9.56%
28 9 1.48%
Subgroup IV: Start of AD between 14™ and the 20" year of life
29 2 0.33%
30 77 12.69%
Subgroup V: Start of AD after the 20" year of life
31 | \ | [ | 112 18.45%

approach (19). However, follow-up studies investigating the
manifestation of AD after early childhood and in particular
the course of AD during lifetime are rare. Moreover, only a
few studies have been conducted to investigate patients with
an onset of AD after the 20th year of life or later during
adulthood.

Bacterial or viral infections are frequent complications,
which are most often induced by high colonization of the
skin of these patients with Staphylococcus aureus (S. aureus)
bacteria (20) or by the dissemination of herpes simplex virus
(HSV) infections of the skin (21-23). Another potential com-
plication is the development of sensitizations against aero-
and food allergens, which together with high IgE serum
levels, correlates with the severity of the skin lesions as
reported in some studies (24, 25). In regard to the atopic
march, it is hypothesized that children with a manifestation

of AD before the 2nd year of life develop more often allergic
rhinitis and allergic asthma later in life (4, 7), which could be
linked by the increased skin-derived thymic stromal lympho-
poietin (TSLP) (26). Moreover, IgE autoreactivity was
observed in a subgroup of patients with AD and might repre-
sent another risk factor for chronic persistent courses (17,
27). Early preventive interventions such as synbiotics (28),
the treatment with antihistamines (29, 30) or immunothera-
peutic strategies (31) were proven to be useful for the reduc-
tion in the concomitant manifestation of atopic diseases of
the upper airways.

The purpose of this study was to investigate the different
courses of AD, to understand the natural history of AD in
adolescent and adult patients to identify potential correlates
with regard (i) to clinical aspects such as severity or predi-
lection of the skin lesions and (ii) to biological markers
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such as total and specific IgE. We analysed these features
within the different course types of AD to identify patients
at high risk for a chronic course with early onset of AD
and chronic course until adulthood as well as to outline
characteristics of the subgroup of patients with onset of AD
in adulthood.

Material and methods
Patient collective and clinical data

A total of 725 patients with AD (293 male and 432 female
patients; 12-89 years old; mean age of 32.6 £+ 14.0 years)
were recruited at the Department of Dermatology and
Allergy in Bonn, Germany, and included into the study.
Some of them were related to each other (affected parents
and affected siblings). Because of study conditions, patients
younger than 20 years were only included into the analyses
of gender differences, so that a total number of 607 patients
were classified into the different course types. All patients
have been assessed by a combination of detailed clinical

Subgroups of AD in adulthood

examination and questionnaires [criteria of Hanifin and
Rajka (32), the Diepgen score (33) and SCORAD (34)] and
blood withdrawal by trained physicians. Affected body
surface area (SCORAD A) and intensity of skin lesions
(SCORAD B) were measured separately. Diagnostic and
stratification of patients with AD were based on these data.
In addition, the family history for atopic diseases and the
predilection of AD lesions were documented. If available,
medical records were used to complete missing data.

Laboratory data

Serum samples from all patients were analysed for total
immunoglobulin E (IgE) level and level of allergen-specific
IgE against mites (Dermatophagoides pteronyssinus, Dermato-
phagoides farinae), birch pollen, grass pollen, cat dander,
hazelnut, peanut, cow’s milk, hen’s egg, green apple, codfish,
moulds and yeasts (Aspergillus fumigatus, Candida albicans
and Pityrosporum ovale) with the Immulite 2000 system
(Siemens Healthcare Diagnostics, Eschborn, Germany). The
protocol was approved by the local ethical committee, and

Table 2 Distribution of the criteria of Diepgen within the most frequent course types in comparison with course type 5 is depicted. Parame-
ters higher in course type 5 are indicated as (++), and parameters lower in course type 5 are indicated as ()

Course type

Course type Course type Course type

Criteria of diepgen 20 27 30 31

Family history

First relatives affected by eczema n.s. n.s. n.s. n.s.

First relatives affected by rhinitis, conjunctivitis or asthma n.s n.s. n.s. n.s.
Personal history

Flexural eczema n.s. n.s. 0.0003 (++) <0.0001 (++)
Allergic rhinitis/conjunctivitis 0.0047 (++) 0.0291 (++) n.s. <0.0001 (++)
Crusta lactea 0.0007 (++) 0.0058 (++) 0.0021 (++) <0.0001 (++)
Intolerance to wool n.s. n.s. n.s. 0.0072 (++)
Photophobia n.s. n.s. n.s. n.s.
Pityriasis alba n.s. n.s. n.s. 0.0070 (++)
Perleche n.s. n.s. n.s. 0.0073 (++)
Cheilitis sicca n.s. n.s. n.s. 0.0259 (++)
Pulpitis sicca n.s. n.s. n.s. 0.0349 (++)
Hertoghe sign n.s. n.s. n.s. 0.0091 (++)
Dennie-Morgan infraorbital fold n.s. n.s. n.s. 0.0010 (++)
Elevated serum total IgE level n.s. 0.0104 (++) 0.0062 (++) 0.0002 (++)
‘Dirty Neck’ n.s. n.s. n.s. 0.0202 (++)
Acrocyanosis n.s. n.s. n.s. n.s.
Asthma allergicum n.s. 0.0282 (++) n.s. <0.0001 (++)
Pruritus after sweating n.s. n.s. n.s. n.s.
Intolerance to metal n.s. n.s. n.s. 0.0137 (%)
Xerosis n.s. 0.0444 (++) n.s. 0.0482 (++)
Ear eczema n.s. n.s. n.s. 0.0022 (++)
Dyshidrosis n.s. n.s. n.s. n.s.

Nipple eczema n.s. n.s. n.s. 0.0011 (++)
Food intolerance 0.0089 (++) 0.0420 (++) 0.0362 (++) <0.0001 (++)
Palmar hyperlinearity n.s. n.s. n.s. n.s.
Keratosis pilaris n.s. n.s. n.s. n.s.

White dermographism n.s. n.s. n.s. 0.0031 (++)
Orbital darkening n.s. n.s. n.s. 0.0007 (++)
Fur cap-like hairline n.s. n.s. n.s. n.s.
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informed consent was signed by all patients participating in
this study.

Definition of different subgroups and course types of AD

In a first step, the recruited patients with AD were classified
into five subgroups according to the age of onset (Table 1),
based on the classification of Wuthrich (10). Subgroup I had
an onset of AD between birth and the second year of life;
subgroup II had an onset of AD between the 2nd and 6th
year of life; subgroup III had an onset of AD between the
6th and 14th year of life; subgroup IV had an onset of AD
between the 14th and 20th year of life; and subgroup V had
an onset of AD after the 20th year of life.

In a second step, depending on the affection during five
different lifetime periods, they were further subdivided into
31 different course types. Patients younger than 20 years of
age were not classified into the course types.

Statistical analysis

To assess differences between course types, logistic or linear
regression was used depending on the type of the dependent var-
iable. Generalized estimation equations were used to account
for the correlation within families. A logarithmic transformation
was used for total serum IgE before analysis. All statistical tests
were performed using SAS 9 (SAS Institute, Cary, NC, USA).

Results

A chronic persisting course since early childhood lasting until
adulthood is detectable in about one-third of all patients with
AD

As a first step, patients included in this collective were strat-
ified into the five different subgroups depending on the age

Garmhausen et al.
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Figure 1 Percentage of patients per course type with nonallergic
atopic dermatitis in the five most frequent course types (x-axis) is
depicted (percentage on y-axis).

of onset and then in the course types of AD as defined
above (see Material and Methods). The most frequent
course type of AD in our collective was type 5 (31.1% of
all classified patients) (Table 1), which is characterized by
an early onset of AD before the 2nd year of life and a
chronic persisting course until adulthood (Table 1). Besides
type 5, the other frequent course types were type 31
(18.5%), type 20 (13.8%), type 30 (12.7%) and type 27
(9.6%) (Table 1).

Male patients with AD have significantly higher total serum
IgE levels and a higher objective SCORAD value than female
patients with AD

A slight female predominance in the most frequent course
types was observed, ranging from 57.1% in course types 5 and
31 to 65.5% in course type 27. Male patients with AD
displayed a significantly higher serum IgE level than female

Table 3 Differences of the percentage of patients with allergen-specific IgE within the most frequent course types in comparison with
course type 5 are summarized. Parameters higher in course type 5 are indicated as (++), and parameters lower in course type 5 are

indicated as (1)

Course type

Course type Course type Course type

Type of allergen 20 27 30 31

Dermatophagoides pteronyssinus 0.0072 (++) n.s. n.s. <0.0001 (++)
Dermatophagoides farinae 0.0053 (++) n.s. n.s. <0.0001 (++)
Cat dander 0.0082 (++) 0.0108 (++) 0.0002 (++) <0.0001 (++)
Hen's egg n.s. n.s. n.s. 0.0002 (++)
Cow's milk protein n.s. n.s. n.s. 0.0216 (++)
Wheat n.s. n.s. n.s. 0.0004 (++)
Codfish n.s. n.s. n.s. 0.0058 (++)
Birch pollen n.s. 0.0198 (++) 0.0348 (++) <0.0001 (++)
Grass pollen 0.0254 (++) 0.0006 (++) 0.0025 (++) <0.0001 (++)
Hazelnut 0.0021 (++) 0.0138 (++) 0.0028 (++) <0.0001 (++)
Peanut n.s. 0.0062 (++) 0.0268 (++) <0.0001 (++)
Aspergillus fumigatus n.s. n.s. 0.0094 (++) <0.0001 (++)
Candida albicans n.s. n.s. 0.0165 (++) <0.0001 (++)
Pityrosporum orbiculare n.s. n.s. 0.007 (++) <0.0001 (++)
Apple 0.0091 (++) 0.0098 (++) 0.0089 (++) <0.0001 (++)

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd
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Table 4 Clinical features of the four most frequent course types compared to course type 5 are shown in this histogram. Parameters higher
in course type 5 are indicated as (++), and parameters lower in course type 5 are indicated as (f)

Significant differences

Numerical
Course types compared to course type 5 Stigmata values Allergen-specific IgE
20 Crusta lactea (++) Total IgE (++) Dermatophagoides
Rhinitis (++) pteronyssinus (++)
Course Food intolerance (++) Dermatophagoides
/_ type s Perifollicular farinae (++)
accentuation (++) Cat dander (++)
2 Hazelnut (++)
1 Colirsa Grass pollen (++)
‘% type 20 Apple (++)
i
i
| o2 | [ [xT] | 1430 +30 years
27 Crusta lactea (++) Total IgE (++)  Cat dander (++)
Rhinitis (++) Diepgen Birch (++)
Course Asthma allergicum (++) criteria (++) Grass pollen (++)
types Food intolerance (++) Hazelnut (++)
Immediate (type 1) skin Peanut (++)
a test reactivity (++) Apple (++)
i Xerosis (++)
; Course
3 type 27
i
i
|H [ 26 14 1420 220 years
30 Flexural Diepgen Pityrosporum orbiculare (++)
lichenifications (++) criteria (++) Candida albicans (++)
Course Flexural eczema (++) Total IgE (++)  Aspergillus fumigatus (++)
/ type s Nonspecific hand or foot Cat dander (++)
dermatitis (++) Birch (++)
. Crusta lactea (++) Grass pollen (++)
E Course influenced by Hazelnut (++)
environmental/emotional Peanut (++)
é /— f;:':"; factors (++) Apple (++)
£ Food intolerance (++)
i
[ o2 | 6 (7] 1420 20 years
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Table 4 (continued)
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Course types compared to course type 5

Significant differences

Numerical

Stigmata values Allergen-specific IgE

31
Course 5
E Course 31
%
| o2 | % [T 14-30 =20 years

Flexural Age (mean) () Dermatophagoides

lichenifications (++) Diepgen pteronyssinus (++)
Flexural eczema (++) Criteria (++) Dermatophagoides
Immediate (type 1) skin Total IgE (++) farinae (++)

Cat dander (++)
Hen's egg (++)
Cow'’s milk protein (++)

test reactivity (++)
Nipple eczema (++)
Cheilitis sicca (++)

Pulpitis sicca (++) Wheat (++)
Facial pallor/facial Codfish (++)
erythema (++) Peanut (++)

Hazelnut (++)

C. albicans (++)
Pityrosporum orbiculare (++)
A. fumigatus (++)

Pityriasis alba (++)
Intolerance to wool
and lipid solvents (++)
Food intolerance (++)

Tendency towards Birch (++)
cutaneous infections (++) Grass pollen (++)
Perleche (++) Apple (++)

'Dirty neck’ (++)

Asthma allergicum (++)
Intolerance to metal (})
Ear eczema (++)

Crusta lactea (++)
Rhinitis (++)
Dennie-Morgan
infraorbital fold (++)
Hertoghe sign (++)

Orbital darkening (++)

Course influenced by
environmental/emotional
factors (++)

White dermographism (++)

Xerosis (++)

patients (2513.4 & 4748.0 KU/l vs 1111.7 & 3532.1 kUJ;

four most frequent course types showed significant differ-

P < 0.0001, n = 718) and significant differences in the severity
of the skin lesions (objective SCORAD 332 £ 17.7 vs
29.9 + 16.8; P =0.0138, n = 693) and the affected body sur-
face area (SCORAD A 24.0 + 25.1 vs 19 £+ 22; P =0.0092,
n = 629). In terms of the intensity of the skin lesions (SCO-
RAD B), no significant differences between male and female
patients with AD could be detected.

Atopy signs and concomitant atopic diseases are significantly
more present in patients with early onset and chronic
persisting course than in patients with onset of AD after the
age of 20 years

Because the criteria of Hanifin and Rajka and the Diepgen
score are important parameters to diagnose and possibly to
stratify AD, we evaluated these criteria within the different
course types. A comparison of course type 5 with the other

ences in the manifestation of food intolerance according to
the Diepgen score criteria with a higher percentage of
patients suffering from food intolerance in course type 5
(Table 2).

Interestingly, 90.5% of the patients of course type 5
reported an impact of psychic factors on the course of their
disease in contrast to patients of course type 31 who reported
worsening of AD due to psychic factors only in 78.9%
(P =10.0105).

Patients with early onset of AD and a chronic persisting
course (type 5) had more often flexural eczema (compared to
course type 30; P =0.0003 and course type 31 P < 0.0001).
Amongst others, in comparison with course type 31, course
type 5 showed a significantly higher occurrence of rhino-
conjunctivitis (P < 0.0001), milk crust (P < 0.0001), Herto-
ghe sign (P =0.0091), Dennie-Morgan infraorbital
fold (P =0.001), orbital darkening (P = 0.0007), white
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dermographism (P =0.0031) and asthma bronchiale

(P < 0.0001) (Table 2).

Patients with an early onset and chronic persisting course
develop the highest level of total serum IgE and a high
frequency of allergen-specific IgE

Atopic dermatitis in adult patients often coincides with ele-
vated IgE serum levels and allergen-specific IgE against sev-
eral food- and aeroallergens. The highest total serum IgE
level was detected in patients with course type 5 (2468.25
+ 4436.27 kU/l), course type 30 (2215.18 + 7100.52 kU/1)
and course type 20 (2075.58 £ 6029.44 kU/1), while the low-
est IgE serum level occurred in AD patients with course type
27 (1177.48 + 1858.29 kU/I) and  course type 31
(918.95 £ 1847.17 kU/1). Comparison of the total serum IgE
between course type 5 and the other four most frequent
course types showed significant differences (P = 0.0165) when
comparing with course type 20, (P = 0.0069) with course type
27, (P =0.0397) with course type 30 and P = 0.0001 with
course type 31.

Allergen-specific IgE towards peanut and apple allergen
was more frequent in patients of course type 5 than in the
other four most frequent course types (Table 3). The highest
percentage of patients with allergen-specific IgE against
C. albicans and A. fumigatus was detectable in AD patients
with course type 5 and 20. Comparing the level of allergen-
specific IgE against birch and grass pollen, the highest levels
were detected in patients with course type 5.

Non-allergic variant of AD is most frequent in patients with
an onset of AD after the age of 20 years

The nonallergic subtype of AD is defined by low IgE serum
levels (<150 kU/I) and no detectable sensitizations against
aero- and food allergens. The highest number of patients
with the nonallergic subtype of AD (25%) was found in
course type 31, which was significantly higher than in course
type 5 (6.4%, P < 0.0001). About 14.3% of course type 20,
15.5% of course type 27, 16.9% of course type 30 and 6.4%
of course type 5 had a nonallergic type of AD. Compared to
course type 5, these results were significant (Fig. 1).

Different predilection of the skin lesions in the different
course types

Distribution of the AD skin lesions was shown to vary
between age classes of AD; therefore, we compared the pre-
dilection of the skin lesions according to the different
course types of AD. We observed a significantly higher pre-
dilection of skin lesions in the neck region (P = 0.0206) in
patients with course type 5 than in patients with course
type 31 of AD. Interestingly, 63.2% of the patients of
course type 20 had hand eczema, whereas in the other four
most frequent course types, hand eczema was detected in
about 50% of the cases. In regard to the SCORAD value,
no significant differences between the different course types
were found.

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd
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Considering the classification used in this study, five of
the 31 course types occurred most often in our study popula-
tion. Patients with early onset and a chronic persisting
course of AD (course type 5) are at the highest risk for
severe complications of AD. We summarized the most
important differences of this course type compared to the
other four most frequent course types (Table 4).

Discussion

Atopic dermatitis is a complex skin disease, which varies in
its clinical picture, the level of sensitizations and course
(5, 35, 36). However, long-time follow-up studies document-
ing the course of this disease and its distribution especially in
adulthood are rare. In contrast to a previous study that was
limited to AD patients with an early age of onset within the
first 2 years of life (37), our study considered a larger spec-
trum of age of onset. Subgroups were defined according to
the study of Wuthrich and were based on the different stages
of age classified by EMA and FDA. Patients with a chronic
persistent course of AD had more often concomitant respira-
tory allergic diseases. The observation of a portion of
patients with an onset of AD during the first 2 years of life
and a chronic persistent course until adulthood (course type
5; 31.1%) confirms the results of other studies (7, 9). In
regard to the predilection of the skin lesions, the neck area
was significantly more often involved in patients with an
early type of onset of AD and a chronic persistent course
(course type 5) than in patients with a late type of onset of
AD (course type 31).

Interestingly, most of the atopy signs were much more pro-
nounced in patients with a chronic, long-lasting course (com-
parison of course types 5 ws 31). This might mirror a
stronger genetic background in these patients. In addition,
similar to the observation of the group of Illig et al. (9), the
patients with a chronic persisting course since early child-
hood had a higher level of total serum IgE and were more
often sensitized against aero- and some food allergens in our
collective. Particularly in patients of course type 5, sensitiza-
tion to hen’s egg allergen and apple was observed, but sensi-
tization towards cow’s milk protein was slightly more
frequent in patients with course type 20, 27 and 30.

The highest proportion of patients with high IgE serum
levels and strongly pronounced sensitizations classified as
allergic variant of AD could be detected in the subgroup of
patients with course type 5. This goes along with the find-
ings of a prospective cohort study in Germany with adoles-
cent patients with AD in which sensitization against
allergens seemed to be one of the predictors for a course
persisting during puberty (38). The highest rate of patients
belonging to the nonallergic variant of AD without any sen-
sitizations and low total IgE serum levels was determined in
patients with course type 31. This leads to the conclusion
that two variants of the nonallergic form of AD might
exist, one occurring as a rather transient form early in
childhood, which in most of the cases develops into the
allergic form later in life and a second adult variant
in adult patients with a late type of onset of AD. At the
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present, it is unclear which factors such as changes in hor-
monal regulation, profession with great skin strain, psycho-
logical trigger factors, vitamin D3 levels (39), fatty acid
intake in breast milk (40) or other unidentified parameters
contribute to the manifestation of AD in particular in non-
allergic adult patients with AD.

The identification of causative factors of nonallergic AD in
adulthood would be of major importance for effective thera-
peutic strategies in this subgroup of patients. Common pre-
ventive measures, which are reasonable in children at risk,
such as allergen avoidance or elimination diet, most likely do
not have any beneficial effect for these patients. This finding
indicates that both environmental and genetic factors might
determine and influence the course type of an individual.
However, factors contributing to the decay of AD and clear-
out of sensitizations during the natural course of AD are far
from being known.

Taken together, this is the first study providing a system-
atic overview about the course of AD in adolescence and
adulthood and summarizing the clinical characteristics of the
different subgroups in elder patients. Our data strongly sup-
port the assumption of a broad heterogeneity of AD in ado-
lescence and adulthood. This heterogeneity might be,
amongst other factors, the reason for the high number of
variations of the results of different genetic, clinical and

Garmhausen et al.

research studies on AD conducted in this collective of
patients. Moreover, the data emphasize the need for careful
stratification of patients with AD in the clinical practice as a
first approach to individualized therapy and more careful
definition of AD subtypes in clinical and research studies to
achieve better comparable results.

Acknowledgments

This work was supported by grants from the Deutsche
Forschungsgemeinschaft DFG NO454/2-3, DFG NO454/1-2,
SFB 704 TPA4 and TPA 15 and BONFOR. We thank Clau-
dia Jenneck and Kirsten Brendes for their assistance in data
documentation.

Authors’ contributions

T.H., N.N., T.D. and T.B. contributed to the study design.
R.F., LM.D., D.U.G., T.H. and N.N. performed data analy-
sis. T.H., D.U.G., T.B. and N.N. wrote the manuscript.
N.N. gained funding.

Conflict of interest

The authors have no conflict of interest.

References

1. Asher MI, Montefort S, Bjorksten B, Lai 9. Illi S, von Mutius E, Lau S, Nickel R, 16. Bieber T, Cork M, Reitamo S. Atopic der-
CK, Strachan DP, Weiland SK et al. World- Gruber C, Niggemann B et al. The natural matitis: a candidate for disease-modifying
wide time trends in the prevalence of symp- course of atopic dermatitis from birth to age strategy. Allergy 2012;67:969-975.
toms of asthma, allergic rhinoconjunctivitis, 7 years and the association with asthma. 17. Tang TS, Bieber T, Williams HC. Does
and eczema in childhood: ISAAC phases one J Allergy Clin Immunol 2004;113:925-931. “autoreactivity” play a role in atopic derma-
and three repeat multicountry cross-sectional 10. Wuthrich B. Atopic neurodermatitis. Wien titis? J Allergy Clin Immunol 2012;129:1209—
surveys. Lancet 2006;368:733-743. Med Wochenschr 1989;139:156-165. 1215 e1202.

2. Schultz Larsen F, Diepgen T, Svensson A. 11. Palmer CN, Irvine AD, Terron-Kwiatkowski 18. Bieber T. Atopic dermatitis 2.0: from the
The occurrence of atopic dermatitis in north A, Zhao Y, Liao H, Lee SP et al. Common clinical phenotype to the molecular taxon-
Europe: an international questionnaire loss-of-function variants of the epidermal omy and stratified medicine. Allergy
study. J Am Acad Dermatol 1996;34: barrier protein filaggrin are a major predis- 2012;67:1475-1482.

760-764. posing factor for atopic dermatitis. Nat 19. Novak N, Simon D. Atopic dermatitis —

3. Cantani A. The growing genetic links and Genet 2006;38:441-446. from new pathophysiologic insights to
the early onset of atopic diseases in children 12. Weidinger S, Rodriguez E, Stahl C, Wagen- individualized therapy. Allergy 2011;66:
stress the unique role of the atopic march: a pfeil S, Klopp N, Illig T et al. Filaggrin 830-839.
meta-analysis. J Investig Allergol Clin Immu- mutations strongly predispose to early-onset 20. Bunikowski R, Mielke ME, Skarabis H,
nol 1999;9:314-320. and extrinsic atopic dermatitis. J Invest Der- Worm M, Anagnostopoulos I, Kolde G

4. Spergel JM, Paller AS. Atopic dermatitis matol 2006;127:724-726. et al. Evidence for a disease-promoting effect
and the atopic march. J Allergy Clin Immu- 13. Irvine AD, McLean WH, Leung DY. Filag- of Staphylococcus aureus-derived exotoxins
nol 2003;112:S118-127. grin mutations associated with skin and in atopic dermatitis. J Allergy Clin Immunol

5. Bieber T. Atopic dermatitis. N Engl J Med allergic diseases. N Engl J Med 2000;105:814-819.
2008:358:1483-1494. 2011;365:1315-1327. 21. Wollenberg A, Zoch C, Wetzel S, Plewig G,

6. Williams HC, Strachan DP. The natural his- 14. Kezic S, O’'Regan GM, Yau N, Sandilands Przybilla B. Predisposing factors and clinical
tory of childhood eczema: observations from A, Chen H, Campbell LE et al. Levels of features of eczema herpeticum: a retrospec-
the British 1958 birth cohort study. Br filaggrin degradation products are influ- tive analysis of 100 cases. J Am Acad Der-
J Dermatol 1998;139:834-839. enced by both filaggrin genotype and matol 2003;49:198-205.

7. Wuthrich B. Clinical aspects, epidemiology, atopic dermatitis severity. Allergy 22. Bussmann C, Peng WM, Bieber T, Novak
and prognosis of atopic dermatitis. 4nn 2011;66:934-940. N. Molecular pathogenesis and clinical
Allergy Asthma Immunol 1999;83:464-470. 15. Thyssen JP, Linneberg A, Johansen JD, implications of eczema herpeticum. Expert

8. Barnetson RC, Gawkrodger D. Atopic der- Carlsen BC, Zachariae C, Meldgaard M Rev Mol Med 2008;10:¢21.
matitis. In: Holgate ST, Church MK, et al. Atopic diseases by filaggrin muta- 23. Hinz T, Zaccaro D, Byron M, Brendes K,

editors. Allergy. London and New-York:
Gower Medical Publishing, 1993: 28 pp.

tions and birth year. Allergy 2012;67:
705-708.

Krieg T, Novak N et al. Atopic dermo-
respiratory syndrome is a correlate of

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd



Garmhausen et al.

24.

25.

26.

27.

28.

29.

eczema herpeticum. Allergy 2011;66:
925-933.

Berg T, Johansson SG. IgE concentrations
in children with atopic diseases. A clinical
study. Int Arch Allergy Appl Immunol
1969;36:219-232.

Leung DY, Bieber T. Atopic dermatitis.
Lancet 2003;361:151-160.

Jiang H, Hener P, Li J, Li M. Skin thymic
stromal lymphopoietin promotes airway sen-
sitization to inhalant house dust mites lead-
ing to allergic asthma in mice. Allergy
2012;67:1078-1082.

Mothes N, Niggemann B, Jenneck C, Hage-
mann T, Weidinger S, Bieber T et al. The
cradle of IgE autoreactivity in atopic eczema
lies in early infancy. J Allergy Clin Immunol
2005;116:706-709.

van der Aa LB, van Aalderen WM,
Heymans HS, Henk Sillevis Smitt J, Nauta
AJ, Knippels LM et al. Synbiotics prevent
asthma-like symptoms in infants with atopic
dermatitis. Allergy 2011;66:170-177.

Simons FE. Prospective, long-term safety
evaluation of the HI-receptor antagonist
cetirizine in very young children with atopic

30.

31.

32.

33.

34.

dermatitis. ETAC Study Group. Early
Treatment of the Atopic ChildJ Allergy Clin
Immunol 1999;104:433-440.

Diepgen TL. Long-term treatment with cetir-
izine of infants with atopic dermatitis: a
multi-country, double-blind, randomized,
placebo-controlled trial (the ETAC trial)
over 18 months. Pediatr Allergy Immunol
2002;13:278-286.

Wilson DR, Lima MT, Durham SR. Sublin-
gual immunotherapy for allergic rhinitis: sys-
tematic review and meta-analysis. Allergy
2005;60:4-12.

Hanifin J, Rajka G. Diagnostic features of
atopic eczema. Acta Derm Venereol
1980;92:44-47.

Diepgen TL, Sauerbrei W, Fartasch M.
Development and validation of diagnostic
scores for atopic dermatitis incorporating
criteria of data quality and practical
usefulness. J Clin Epidemiol 1996;49:
1031-1038.

Severity scoring of atopic dermatitis: the
SCORAD Index. Consensus Report of the
European Task Force on Atopic Dermatitis.
Dermatology 1993;186:23-31.

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd

35.

36.

37.

38.

39.

40.

Subgroups of AD in adulthood

Williams HC. Clinical practice. Atopic
dermatitis. N Engl J Med 2005;352:2314—
2324.

Bieber T, Bussmann C. Atopic dermatitis.
In: Bolognia JL, Jorizzo JL, Schaffer JV,
editors. Dermatology. 3rd edn. Oxford:
Elsevier, 2012:203-217.

Kissling S, Wuthrich B. Follow-up of atopic
dermatitis after early childhood. Hautarzt
1993;44:569-573.

Peters AS, Kellberger J, Vogelberg C,
Dressel H, Windstetter D, Weinmayr G
et al. Prediction of the incidence, recur-
rence, and persistence of atopic dermatitis
in adolescence: a prospective cohort study.
J Allergy Clin Immunol 2010;126:590-595,
€591-593.

Benson AA, Toh JA, Vernon N, Jariwala
SP. The role of vitamin D in the immuno-
pathogenesis of allergic skin diseases. Allergy
2012;67:296-301.

Thijs C, Muller A, Rist L, Kummeling I,
Snijders BE, Huber M et al. Fatty acids in
breast milk and development of atopic
eczema and allergic sensitisation in infancy.
Allergy 2011;66:58-67.



