ATOPIC AND ATOPIFORM DERMATITIS

ATOPIC AND ATOPIFORM
DERMATITIS

Elian E.A. Brenninkmeijer

Elian E.A. Brenninkmeijer

ATOPIC AND ATOPIFORM DERMATITIS

Copyright © E.E.A. Brenninkmeijer, 2009
This thesis was prepared at the Department of Dermatology, Academic Medical
Center, University of Amsterdam, The Netherlands
ISBN:
Lay-out:
Printed by:
Illustration:

978-90-9024089-3
Chris Bor, Medical Photography and Illustration, Academic Medical
Center, University of Amsterdam, The Netherlands
Buijten & Schipperheijn, The Netherlands
A.M.J. Brenninkmeijer-Govaarts

All rights reserved. No part of this book may be reproduced, stored or transmitted in
any form or by any means, without prior permission of the author.
The publication of this thesis was financially supported by:
Astellas Pharma, Abbott BV, Bauerfeind Benelux BV, Beiersdorf –Eucerin, Danone
Research BV, Fagron BV, Fotostudio John Geven, Galderma Nederland, Janssen-Cilag
BV, Laservision BV, Huidstichting Chanfleury van IJsselsteijn, La Roche Posay, Leo
Pharma BV, Medi Nederland BV, Merck Serono BV, Novartis Pharma BV, Padycare,
Shering-Plough BV, Teva Pharma BV, Universiteit van Amsterdam, Vereniging voor
Mensen met Constitutioneel Eczeem, Wyeth Pharmaceuticals BV

ATOPIC AND ATOPIFORM DERMATITIS
ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor
aan de Universiteit van Amsterdam
op gezag van de Rector Magnificus
prof. dr. D.C. van den Boom
ten overstaan van een door het college voor promoties ingestelde
commissie, in het openbaar te verdedigen in de Agnietenkapel
op donderdag 16 april 2009, te 12:00 uur

door

Elian Elisabeth Anne Brenninkmeyer
geboren te Nuenen

PROMOTIECOMMISSIE
Promotor:

Prof. dr. J.D. Bos

Co-promotores:
		

dr. Ph.I. Spuls
dr. H.J. Sillevis Smitt

Overige leden:
		
		
		
		

Prof. dr. P.J.E. Bindels
Prof. dr. P.M.M. Bossuyt
Prof. dr. C.A.F.M. Bruijnzeel-Koomen
Prof. dr. P.J. Coenraads
Prof. dr. H.S.A. Heymans

FACULTEIT DER GENEESKUNDE

A.M.J. Brenninkmeijer - Govaarts

CONTENTS
Chapter I

General introduction and outline of the thesis

Chapter II

Diagnostic criteria for atopic dermatitis: a systematic review
Br.J.Dermatol. 2008.158(4):754-65

8
26

Chapter III Diagnostic criteria for atopic dermatitis: validation and refinement
of theMillennium criteria.
Submitted

52

Chapter IV

Clinical differences between atopic and atopiform dermatitis.
J.Am.Acad.Dermatol. 2008; 58: 407-14

70

Chapter V

Excimer laser versus clobethasol propionate 0.05% ointment in
prurigo form of atopic dermatitis: a randomized controlled trial.
Submitted

88

Chapter VI

The course of life of patients with childhood atopic dermatitis.
Pediat. Dermatol. 2009; 26: 14-22

108

Chapter VII Summary and conclusions

130

Chapter VIII Nederlandse samenvatting

140

Chapter IX

Dankwoord

150

Chapter X

Bibliografie
Curriculum vitae

154
159

I

Introduction and outline

Introduction

Atopic dermatitis (AD) is a chronic skin disease, characterised by inflammation
and pruritus.1;2 With an increasing prevalence, AD is one of the most common skin
disorders. AD accounts for 10%–20% of all referrals to dermatologists and about 30%
of dermatologic consultations in general practice.2-5
Because AD lacks an objective diagnostic test and shows variable clinical features,
it is difficult to define. The history of the clinical entity starts with Wise and Sulzberger
who first distinguished AD from other chronic eczemas in 1933.6 The uncertainty in
the understanding of this disease is reflected in the more than 15 synonyms that
have been proposed (Table 1). Till date, there is no consensus about its definition,
diagnosis, diagnostic criteria, pathophysiology and therapy.

DEFINTION

Coca and Cooke introduced the term atopy in 1923.7 Atopy is derived from the
Greek words a (no) topos (place). Initially atopy was meant to describe the inherited
tendency to develop immediate-type hypersensitivity reactions to common antigens.
Atopy was found to be associated with an increased ability to form IgE antibodies.8;9
Since then there is a striking variety of different meanings and definitions associated
with the term “atopy”.
The following definition of AD seems to be in accordance with the most recent
consensus; an itchy, chronic or chronically relapsing, inflammatory skin condition.
The rash is characterized by itchy papules, which become excoriated and lichenified,
and typically have a flexural distribution.10 AD is associated with allergen-specific
IgE and a personal or family history of other atopic conditions such as hay fever
and asthma. Although termed ‘atopic’, it is known that there are patients with the
clinical phenotype who do not have allergen-specific IgE,11 which is an observation
that led the World Allergy Organisation to propose a revised nomenclature. In this
nomenclature AD is a genetically determined, IgE sensitized skin disease.12
To describe AD patients lacking allergen-specific IgE, several subgroups have been
proposed. Similar to the extrinsic and intrinsic types of asthma, the term “intrinsic
type of AD” and “extrinsic type of AD” have been suggested.11;13;14 For the “intrinsic
type of AD” other resembling terms such as “non-allergic AD”, “non-atopic eczema” or
“non-allergic atopic eczema/dermatitis syndrome”, were introduced.15;16 We coined
the term “atopiform dermatitis” (AFD) to avoid the connection with true atopy.17;18
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Table 1. Examples of the nomenclature of Atopic Dermatitis (based on Wolkerstorfer 2003)
Mycosis sive eczema flexurarum (von Hebra)
Lichen simplex chronicus disseminatus (Vidal)
Prurigo à formé eczemat lichenienne (Brocq)
Neurodermite diffuse (Brocq)
Dermatitis lichenoides pruriens (Neisser)
Asthma-eczema (Jadassohn, Low, Drake)
Prurigo simplex chronica (Darier)
Eczema pruriginosum (Unna)
Prurigo diathèsique (Besnier)
Prurigo Besnier (Rasch)
Le prurigo-asthme (Saubouraud)
Früh- und Spätexudatives eczematoid (Rost)
Atopic dermatitis (Coca, Sulzberger & Wise)
Asthma-eczema prurigo complex (Drake)
Konstitutionelles eksem (Koch)
Neurodermatitis constitutionales (Schnyder)
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Neurodermatitis disseminata (Lomholt)

EPIDEMIOLOGY

There is hardly any doubt that there has been an increase of the prevalence of AD
in wealthy countries. The reasons for this increase are still a matter of discussion.
Prevalence of AD has doubled or tripled during the past three decades; 15-30%
of children and 2-10% of adults are affected.5 AD frequently start in early infancy
(early-onset AD) but can also start in adults (late-onset AD). Large, unexplained
variations in prevalence have been reported between countries suggesting a critical
role for environmental factors in disease expression.19 The “hygiene hypothesis”
is generally accepted as the best explanation for the growth in prevalence.20-22
The lower prevalence of AD in rural areas, compared to urban areas, supports
the ‘hygiene hypothesis’, which postulates that the absence of childhood exposure
to infectious agents increases susceptibility to allergic diseases. Although there are
several data from prevalence studies an overall estimate of AD frequency is difficult.
Studies differed greatly in methodology, measuring disease frequency over different
time periods, in different age groups, using different techniques of data collection and
different definitions and diagnostic criteria.
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DIAGNOSIS

In clinical studies very often no definition of AD is given. AD is a difficult disease to
define, as the clinical features are highly variable with regard to morphology, body
site, duration and course of disease. Because there is no definitive diagnostic test for
AD, the diagnosis of AD is still a clinical one.23
For diagnosing AD, the presence of pruritus is a generally accepted essential but
subjective feature. In general the clinical diagnosis is based on clinical features of
pruritic and chronic or relapsing eczematous lesions with typical morphology and
distribution combined with the disease history. The morphology and distribution
varies according to the patient´s age and disease activity. During infancy AD is generally
more acute and affects the scalp, face and extensor surfaces of the extremities. For
older children and in adults more chronic lichenified lesions on the flexural folds of
the extremities are present.24;25
Due to the wide spectrum of dermatological manifestations of AD, it is of
importance to consider that there is a differential diagnosis of AD:

DIFFERENTIAL DIAGNOSIS

The most important differential diagnoses are other forms of eczema. Besides,
combination of different forms of eczema are prevalent with components of atopic,
contact, and irritative dermatitis. AD of the hands and feet must be differentiated
from contact dermatitis or psoriasis in the palms and soles and from tinea. Scabies
infection must always be considered. The differential diagnosis of acute AD with
intense erythema of the skin, together with exudation or blistering, for example,
differs from differential diagnoses of the chronic lichenified forms. Other, rarer
diseases should be suspected in children e.g. genodermatoses such as Netherton
syndrome. An overview of the differential diagnosis of atopic dermatitis phenotype
has been summarized in Table 2.

DIAGNOSTIC CRITERIA

During the last decades several diagnostic sets of criteria have been proposed to bring
some uniformity in the diagnostic process.26-33
A major development in describing the clinical features of AD were the Hanifin
and Rajka’s diagnostic criteria published in 1980.29 Until now, these criteria are
commonly used in clinical trials, at least to provide some confidence that researchers
have been selecting similar patients when using these criteria. It should be noticed
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Table 2. Differential diagnosis in patients with AD clinical phenotype (based on Leung 2004)
(1) chronic dermatoses
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atopiform dermatitis
prurigo
seborrhoeic eczema
allergic contact dermatitis
irritant contact eczema
nummular eczema
rosacea
couperose
essential teleangiectasia
ulerythema ophryogenes
keratosis pilaris
juvenile acne
psoriasis
ichthyosis
(2) infections and infestations
scabies
human immunodeficiency virus
dermatophytosis
erythema infectiosum
other viral exanthema
(3) malignancies
cutaneous T-cell lymphoma
Letterer-Siwe disease

(4) immunologic disorders
juvenile lupus erythematodes
dermatitis herpetiformis
graft-vs-host disease
dermatomyositis

(5) immunodeficiencies
Wiskott-Aldrich syndrome
severe combined immunodeficiency disease
hyper-IgE syndrome
DiGeorge syndrome

(6) metabolic disorders
zinc, pyridoxine, or niacin deficiency
phenylketonuria

that this large list of 28 features, has been developed during a consensus meeting and
has only been validated once. In order to refine this set of criteria into an applicable
set for epidemiological studies, the UK diagnostic criteria were introduced in 1994.33
These criteria have been widely validated since then. 34
More recently, the Millennium Criteria (JD Bos et al) were developed to underline
the importance of allergen specific IgE as a mandatory criterion.27 This up to date set
is in line with the most recent nomenclature, but validity and repeatability should be
investigated. Hanifin & Rajka, UK, and the Millennium criteria are summarized in
Table 3.

PATHOFYSIOLOGY

The cause of AD remains uncertain. AD is probably a complex disease relying on
the interplay of several factors. Interaction between susceptibility genes, the host’s
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Table 3. Integrated list of diagnostic criteria
Hanifin & Rajka Millennium
Criteria
Criteria
3/4++, 3/25 + 1+++, 2/3++
pruritus
typical morphology and distribution
chronic or relapsing course
personal or family history of atopy
xerosis
ichthyosis
immediate (type I) reaction
elevated serum IgE
early age of onset
cut. infections, impaired cell-mediated immunity
tendency to non-specific hand or foot eczema
nipple eczema
cheilitis
recurrent conjunctivitis
Dennie-Morgan infraorbital fold
keratoconus
anterior subcapsular cataracts
orbital darkening
facial pallor/erythema
pityriasis alba
anterior neck folds
itch when sweating
food intolerance
influenced by environmental, emotional factors
intolerance to wool and lipid solvents
perifollicular accentuation
white dermographism, delayed blanch
presence of allergen specific IgE
cradle cap
palmar hyperlinearity
keratosis pilaris

++
++
++
++
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+

perleche
auricular rhagades
hertoghe sign
photophobia
history of flexural involvement
rash under age of 2 years
visible flexural dermatitis
+++= mandatory criteria; ++=major criteria; +=minor criteria

++
++
++
+
+

U.K. Criteria
1+++, 3/5+
+++
+
+
+

+
+
+
+
+
+
+
+
+
+
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environment, infectious agents, defects in skin barrier function and immunological
factors contribute to the pathogenesis of AD. Two hypotheses concerning the
mechanism of AD have been proposed: the inside and the outside paradigm.35 One
focuses on the immunologic disturbance that results in IgE-mediated sensitization,
with epithelial barrier dysfunction being of secondary importance. The other
proposes a primary barrier dysfunction caused by an intrinsic defect in the epithelial
cells, leading to enhanced penetration of allergens and secondary IgE sensitization.4
Most of the progress made in understanding the immunology of the disease
is related to the IgE response.22;36 It is clear that AD has an immunological basis.
The inflammatory infiltrate is a mix of subsets of T lymphocytes, dendritic cells,
macrophages, keratinocytes and eosiniphils.22;36 There appears to be an activation of
T lymphocytes, which leads to an abnormal response of cytokines.23;37 In the central
immune organs, Th2 cells secrete interleukins IL–4, IL-5, and IL-13, of which IL-4
and IL-13 serve to promote the synthesis of IgE by B lymphocytes / plasma cells and
to activate the vascular endothelium. IL-5 enhances eosinophil-mediated responses.
The exact role of T-cell subpopulations such as Th1, Th2, Treg and Th17 remains
to be established. Recently, another cytokine has been found of importance: IL-31 is
highly prutitogenic and has been found to have increased levels in AD. 38-40
Besides this immunological approach the barrier theory suggests that due to
defect in skin barrier, enhanced penetration of environmental allergens and irritants
occurs, leading to chronic inflammation, and, secondarily, to central immune
organ sensitization. The alterations in the epidermis have been highlighted by the
importance of filaggrin mutations in AD.41
Several loss-of-function mutations of the gene have been identified. 42-47 In 50%
of the European AD patients FLG mutations have been identified. AD is a complex
genetic disease and probably emerges in the context of two groups of genes: genes
encoding epidermal or other epithelial structural proteins, and genes encoding major
elements of the immune system.4

TREATMENT

The management of AD presents a clinical challenge. Basic therapy of AD should
compromise optimal skin care, addressing the skin barrier defect with regular use
of emollients and skin hydration, along with identification and avoidance of specific
and nonspecific trigger factors. Besides regular medical supervision, education and
psychological support of the patient contribute to the optimal disease management.
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Topical treatment consists of emollients, topical corticosteroids and topical
immunomodulators (TIM’s). Since a key feature of AD is severe dryness, the use of
emollients is the mainstay of the general management of AD.48 Emollients should
be applied continuously to optimize the skin condition. Topical corticosteroids
are important. They reduce inflammation and pruritus and are useful for both
the acute and chronic phases of the disease. Since the side effects of uncontrolled
use of corticosteroids are well documented, they should be applied preferably in a
pulse scheme. Application once daily is, from a pharmaco-dynamic point of view,
enough.49;50 In addition, recent data indicate that application twice-weekly both
in adults and children might prevent further flare-ups. The TIMs tacrolimus
and pimecrolimus are non-steroidal, anti-inflammatory therapies for AD. Both
compounds have shown to be effective and safe for adults and children with AD.51-54
Although topical corticosteroids are still the standard of care in AD, TIM’s might be
the first line treatment in several situations such as eye-lid dermatitis and in other
facial regions. In March 2005 the Food and Drug Administration issued an alert
concerning a potential link between TIM’s and certain forms of cancer.55 The use
of TIM’s should be as labelled, and when first-line treatment has failed or cannot be
tolerated, their use is advised.34 Finally, topical tar treatment can be effective, however
due to carcinogenicity and mutagenicity its use has been limited in daily practice.
For severe AD treatment often relies on systemic immunosuppressive therapy.
Systemic corticosteroids are frequently used as short-term therapy for controlling
AD. Although in most cases highly effective, there is insufficient evidence of efficacy
from clinical studies.56 Rebound flare-ups and diminishing effectiveness severely
limits their use.57 To date, ciclosporine is the only systemic treatment for which
convincing evidence of efficacy exists in patients with severe AD.56 Data on the
use of mycophenolate mofetil (Cellcept®), azathioprine (Imuran®) and intravenous
immunoglobulin are conflicting. There is no evidence to support the use of
leukotriene inhibitors, methotrexate, desensitization injections, theophylline or oral
pimecrolimus.58
The treatment of patients with chronic AD with UVB phototherapy is widely
recognized as an effective treatment modality. Narrow-band ultraviolet B (NB-UVB)
phototherapy is effective against moderate to severe AD, and is well tolerated by most
patients.59;60 Long wave UVA (UVA-1) is also effective in AD, but treatment is time
consuming and thus not patient friendly.61
Despite the fact that tremendous progress has been made concerning therapeutical
strategies for AD, development of new, targeted therapeutic approaches is still
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needed to control and, if possible, cure AD. Several biologics may be of interest for
further development in AD, such as efalizumab (Raptiva®), which interferes with T
cell migration and adhesion, and anti-IgE (omalizumab, Xolair®).58;62-64

IMPACT
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Embryologically, skin and the central nervous system have the same origin and are
functionally closely related. One can speak of the skin as ‘reflecting the soul’. Skin
diseases have a direct impact on health status and psychosocial wellbeing. Chronic
skin diseases, like AD, can lead to severe psychosocial burdens that are quite
frequently underestimated, since as a rule they are not life-threatening.65 With this, it
is of great importance to realise that AD can have a significant impact on morbidity
and quality of life especially in case of severe AD.66;67 Patients may be affected by
itching and associated sleep disturbance.68;69 Moreover, the social stigma of a visible
skin abnormality is present, and in addition there is a need for frequent application
of topical medications and physician visits. The chronic aspect of AD can be very
worrying for patients as well for their family and therefore the psychological impact
of AD has to be well considered. When onset of AD is in infancy, self-esteem is likely
to be diminished. During their life patients may withdraw socially, becoming isolated
and function suboptimally in all areas of their lives.70;71
The last decade serious attention has been paid to the quality of life (QoL) in
patients with AD.67;72-74 The QoL is a very important aspect of the care for patients
with dermatological diseases which has implications not only for patients but also
for the family and community. Measurements like the Dermatology Quality of Life
Index, the Children Quality of life Index and the Skindex-29 have been developed to
give insights into physical and psychological aspects of a chronic skin disease.75-77
More recently the Course of Life Questionnaire was developed to gain insight in
the course of life in young adults suffering from chronic childhood diseases.74;78;79
Knowledge about the impact of a chronic skin disease like AD is of great importance
in clinical practice because it enables health care providers, and especially family
doctors and dermatologists to aim for the most optimal medical care support, both
during as well as after treatment. Attention should be paid not only to the physical
aspects but also to the psychological and social aspects of AD. In clinical care a
systematic evaluation of physical and psychosocial consequences in patients with AD
seems to be required.
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OUTLINE OF THIS THESIS

Atopic dermatitis (AD) is a serious challenge in terms of research and management.
For future research, there is an increasing need for how to define, diagnose and treat
this disease. With this thesis a mirror has been posted to AD in order to face the
criteria, definition, diagnosis, therapy and impact of AD.
Clinical studies require valid and manageable diagnostic criteria for reliable and
reproducible results.
As a starting point of this thesis, a systematic review of diagnostic criteria of AD was
conducted (Chapter 2). This was done in order to summarize the evidence concerning
the validity of diagnostic criteria for AD. To access the methodological quality of the
studies the Quality Assessment of Diagnostic Accuracy Tool (QUADAS) was used.
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To make progress in AD research, manageable modern diagnostic criteria are
essential to create a clear clinical phenotype of AD.
In order to validate the Millennium Criteria (MC), a case-control study was performed
(Chapter 3). Besides the assessment of the validity of the MC, we intend to improve
and refine the MC into a manageable and clinical applicable set of criteria. After
logistic regression and tree analysis, revised Millennium Criteria were introduced.
A clear definition is necessary in order to diagnose AD and inform AD patients
properly.
We consider Atopiform dermatitis (AFD), which is characterized by the absence of
allergen-specific IgE, as a distinct entity from AD with different specific characteristics.
In order to investigate AFD, a case control study was performed to compare the
clinical and diagnostic features of AD and AFD (Chapter 4).
Since most patients with a prurigo form of AD are therapy resistant, there is a need
for development of a new treatment modality.
Recent findings establish the 308 xenon chloride (XeCl) ecximer laser to be a new
treatment option in the area of UVB phototherapy. In order to investigate the efficacy
of the XeCl excimer laser, a prospective randomised within-patient controlled
study was conducted (Chapter 5). In patients with a prurigo form of AD, the effect
of the excimer laser was compared with clobethasol propionate, by a side-to-side
comparison. By 6 months follow-up, the duration of remission, achieved with the
excimer laser, was investigated.

Outline of this thesis

The impairment of quality of life of patients with AD has been well documented, but
so far no knowledge exists about the impact of AD on the course of life.
By introducing the Course of Life Questionnaire within dermatological research, the
course of Life in patients with childhood AD was investigated (Chapter 6). Within
this study, the influence of the severity of AD on the course of life, the disease related
consequences and quality of life was assessed by questionnaires.
All studies were performed at the outpatient clinic of the Department of Dermatology
in cooperation with the Department of Clinical Epidemiology and Biostatistics, both
at the Academic Medical Center of the University of Amsterdam in Amsterdam, the
Netherlands.

25

II

Diagnostic criteria for atopic dermatitis:
a systematic review

Br.J.Dermatol. 2008.158(4):754-65

E.E.A. Brenninkmeijer1, M.E. Schram1, M.M.G. Leeflang2,3, J.D.
Bos1, Ph. I. Spuls1,3
1 Department

of Dermatology, Academic Medical Center, University of Amsterdam,

Amsterdam, The Netherlands; 2 Department of Clinical Epidemiology, Biostatistics
and Bioinformatics, Academic Medical Center, University of Amsterdam, Amsterdam
The Netherlands; 3 Dutch Cochrane Centre, Academic Medical Center, University of
Amsterdam, Amsterdam The Netherlands

Chapter II

ABSTRACT

Background: Atopic dermatitis (AD) has a wide spectrum of dermatological
manifestations and despite various validated sets of diagnostic criteria that
are developed over the last decades, there is disagreement about its definition.
Nevertheless, clinical studies require valid diagnostic criteria for reliable and
reproducible results.
Objective: To summarize the evidence concerning the validity of diagnostic criteria
for AD.
Methods: All data sources were identified through a searches in Medline, Embase
and Cochrane databases. The Quality Assessment of Diagnostic Accuracy tool
(QUADAS) was used. Results were presented in an Receiver Operating Characteristic
(ROC) plot.
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Results: Out of the twenty articles that met the criteria, 27 validation studies were
identified. In two studies concerning Hanifin and Rajka diagnostic criteria sensitivity
and specificity ranged from 87.9% to 96.0% and from 77.6% to 93.8%, respectively.
Nineteen validation studies of the U.K. diagnostic criteria showed sensitivity
and specificity ranging from 10% to 100% and 89.3% to 99.1%, respectively. Three
validation studies concerning the Schultz-Larsen criteria showed sensitivity from
88% to 94.4% and specificity from 77.6% to 95.9%. One article concerning criteria
of Diepgen, sensitivity ranged from 83.0% to 87.7% and specificity from 83.9% to
87.0%. One article studied the Kang and Tian criteria with 95.5% sensitivity and 100%
specificity. One article validating the ISAAC criteria showed a positive and negative
predictive value of 48.8% and 91.1%, respectively.
Conclusion: With this systematic review of the existing sets of diagnostic criteria
for AD a varying number of validation studies with varying methodological quality
was found. The U.K. diagnostic criteria are the most extensively validated. However,
improvement of methodological design for validation studies and uniformity in wellvalidated and applicable diagnostic criteria is needed to improve future intervention
studies and to compare study results.
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INTRODUCTION

AD has a wide spectrum of dermatological manifestations (e.g. presentation, severity
and distribution) and there is disagreement about its definition. Nevertheless, results
and reproducibility of genetic, etiological, epidemiological, diagnostic and therapeutic
studies depend on establishing reliable and valid diagnostic criteria. During the last
decades various lists of diagnostic criteria for AD have been proposed (Table 1).1-10
Uniformity in the use of diagnostic criteria for AD is lacking. In 23% of the
published clinical trials concerning AD the diagnostic criteria for the diagnosis of AD
were not specified. The Hanifin and Rajka diagnostic criteria were used in 44% of the
trials and the U.K. diagnostic criteria in 12%.11
The objective of this systematic review was to summarize the evidence concerning
the validity of diagnostic criteria for AD.
Table 1. Diagnostic criteria for atopic dermatitis
Criteria list

Requirements (number criteria)

Hanifin and Rajka diagnostic criteria, 1980

3 major + 3 minor (27)

Kang & Tian diagnostic criteria, 1989

1 basic + 3 minor (5)

Schultz-Larsen criteria, 1992

≥50 points (6)

Lillehammer criteria, 1994

visible eczema + 4 minor (12)

U.K. diagnostic criteria, 1994

pruritus + 3 minor (6)

ISAAC questionnaire, 1995

score ≥ 3 (7)

Japanese Dermatology Association criteria, 1995

all 3 features (3)

Criteria of Diepgen, 1996

≥ 10 points (8)

Millennium diagnostic criteria, 1998

allergen-specific IgE + 2 principal (4)

Danish Allergy Research Centre (DARC), 2005

3 features (3)

METHODS

Inclusion and exclusion criteria
Randomised control trials (RCTs), case-control, cross-sectional and cohort studies
that validate one or more of the diagnostic criteria for AD were assessed for eligibility.
Included were studies that: (I) concerned the existing diagnostic criteria for AD (Table
1), (II) were hospital or community based, (III) were validation studies of translated
criteria, (IV) reported sensitivity, specificity, positive predictive value or negative
predictive value or had the possibility to calculate those outcome measures.
Excluded were studies in which: (I) not the complete set of diagnostic criteria was
considered (e.g only the major criteria or the minor criteria of the Hanifin and Rajka
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criteria) (II) the U.K. diagnostic criteria were positive if pruritus and two, pruritus and
four or pruritus and five of the additional criteria were fulfilled, because the general
recommended format by Williams et al. for use in epidemiological studies requires
pruritus plus three or more other features; (III) parents qualified the presence of AD
in their children by self-reporting questionnaires.
No restrictions were imposed with regard to the reference standards used. In
addition, no restrictions were used for age, gender and skin type of the subjects.
Language of studies was not a limitation.
Table 2. Search strategy for MEDLINE, EMBASE and COCHRANE

MEDLINE
#1

(“Dermatitis, Atopic”[mh] OR atopic dermatiti*[tw] OR atopic eczem*[tw] OR allergic
dermatit*[tw] OR allergic eczem*[tw] OR “intrinsic AD”[tw]) NOT ((animals[mh] OR dogs)
NOT humans[mh])

#2

((U.K.[tiab] OR UK[tiab] OR united kingdom[tiab] OR millennium[tiab]) AND (working*[tiab]
OR criteria*[tiab])) OR Hanifin*[tiab] OR Rajka*[tiab] OR william*[tiab] OR larsen*[tiab]
OR schultz-larsen*[tiab] OR DARC[tiab] OR Tian[tiab] OR Kang[tiab] OR lillehammer
OR ISAAC[tiab] OR ((danish[tw] OR denmark[tw] OR japanese[tw]) AND criteri*) OR
(International stud*[tiab] AND Asthma[tiab] AND Allerg*[tiab] AND Child*[tiab])

#3

(diagnostic criteri*[tw] OR diagnostic feature*[tw] OR minor criteri*[tw] OR major
criteri*[tw] OR minimum criteri*[tw] OR diagnostic feature*[tw] OR diagnostic score*[tw]
OR classification criteri*[tw] OR clinical feature*[tw] OR clinical criteri*[tw] OR feature
set*[tw] OR score criteri* OR basic feature* OR minor feature* OR major feature* OR clinical
feature* OR cutaneous feature*) AND (validation studies[pt] OR validat*[tw] OR Sensitivity
and Specificity[mh] OR accura* OR specificity[tiab] OR “false negative”[tw] OR “Predictive
Value of Tests”[mh] OR Reference Standards[mh] OR prevalence OR logistic models[mh] OR
Algorithms[mh] OR reproducibility[tw] OR significance OR diagnosis, differential[mh])

#4

(survey*[tw] OR interview*[tw] OR questionnair*[tw]) AND (diagnosis OR diagnostic OR
prevalence) AND (validation studies[pt] OR validat*[tw] OR Sensitivity and Specificity[mh]
OR accura* OR specificity[tiab] OR “false negative”[tw] OR “Predictive Value of Tests”[mh]
OR hospital-based[tw] OR diagnostic outcome*)

#5

criteria[ti] OR validat*[ti]

#6

#2 OR #3 OR #4 OR #5

#7

#1 AND #6

#8

((classificat*[ti] OR diagnos*[ti] OR prevalenc*[ti] OR occurence[ti] OR incidence[ti] OR
epidemiol*[ti) AND (atopic dermatiti*[ti] OR atopic eczem*[ti] OR allergic dermatit*[ti] OR
allergic eczem*[ti] OR “intrinsic AD”[ti])) NOT ((animals[mh] OR dogs) NOT humans[mh])

#9

#7 OR #8

30

EMBASE
1.

Atopic Dermatitis/

2.

((atopic$ or intrins$ or allergic$) adj3 (dermatit$ or eczem$)).tw. 1

3.

1 or 2

4.

exp animal/ not (exp animal/ and exp human/)
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5.

3 not 4

6.

(((UK or united kingdom or millennium) and (working$ or criteria$)) or Hanifin$ or Rajka$
or larsen$ or schultz-larsen$ or DARC or Tian or Kang or lillehammer or ISAAC or ((danish
or denmark or japanese) and criteri$) or (international adj4 stud$ adj4 Asthma adj4 Allerg$
adj4 Child$)).ti,ab.

7.

6 and 5

8.

((atopic$ or intrins$ or allergic$) adj1 (dermatit$ or eczem$)).tw.

9.

1 or 8

10.

9 not 4

11.

((diagnostic adj (criteri$ or feature$ or score$)) or ((minor or major or minimum or
classification or clinical or score) adj criteri$) or ((clinical or set$ or basic or minor or major
or cutaneous) adj1 feature$)).ti,ab.

12.

diagnostic accuracy/ or diagnostic value/ or differential diagnosis/ or prediction/ or
reproducibility/ or exp reliability/ or probability/ or statistical model/ or FUNCTIONAL
ASSESSMENT/ or CLINICAL ASSESSMENT/ or exp diagnostic procedure/ or exp standard/
or disease severity/

13.

(validat$ or accura$ or prevalence or specificity or reproducibility or significance or (false adj
negative) or (predictive adj value)).mp.

14.

12 or 13

15.

10 and 11 and 14

16.

(criteria or validat$).ti.

17.

10 and 16

18.

(classificat$ or diagnos$ or prevalenc$ or occurence or incidence or epidemiol$).ti.

19.

(atopic dermatiti$ or atopic eczem$ or allergic dermatit$ or allergic eczem$ or “intrinsic
AD”).ti.

20.

18 and 19

21.

20 not 4

22.

(interview$ or questionnair$ or survey$).mp.

23.

(validat$ or accura$ or specificity or reproducibility or (false adj negative) or ((predictive adj
value) or hospital-based or diagnostic outcome$)).mp.

24.

diagnostic value/ or diagnostic accuracy/

25.

prediction/ or reproducibility/ or exp reliability/ or probability/ or statistical model/ or
FUNCTIONAL ASSESSMENT/ or CLINICAL ASSESSMENT/

26.

(diagnos$ or prevalence).mp.

27.

25 and 26

28.
29.
30.

23 or 24 or 27
10 and 22 and 28
7 or 15 or 17 or 21 or 29
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Literature search
A literature search was carried out between March and June 2007 in Medline,
Embase and the Cochrane Library (CDSR, DARE and CENTRAL) databases (Table
2). Synonyms of atopic dermatitis yielded no additional, relevant articles and were
therefore not mentioned in the search strategy. There was no limit to the date of
publication. References cited in published articles were examined until no further
study was identified. Additionally, articles written by the designers of the diagnostic
criteria were screened for eligibility.
Study selection
All articles with titles and abstracts considering AD and diagnostic criteria were
selected by one author (M.S.) for relevance. In case of doubt, an assessment by a
second reviewer was performed. To determine eligibility, two reviewers (E.B. and
M.S.) independently assessed the full texts of the articles. Disagreements were
resolved by discussion.
Table 3. QUADAS tool by Whriting et al. (2004)
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Item 1

Was the spectrum of patients representative of the patients who will receive the test
in practice?

Item 2

Were the selection criteria clearly described?

Item 3

Is the reference standard likely to classify the target condition correctly?

Item 4

Is the period between reference standard and index test short enough to be reasonably
sure that the target condition did not change between the two sets?

Item 5

Did the whole sample or a random selection of the sample, receive verification using a
reference standard diagnosis?

Item 6

Did patients receive the same reference standard regardless of the index test result?

Item 7

Was the reference standard independent of the index test? (i.e. the index test did not
form part of the reference standard?)

Item 8

Was the execution of the index test described in sufficient detail to permit replication
of the test?

Item 9

Was the execution of the reference standard described in sufficient detail to permit its
replication?

Item 10

Were the index test results interpreted without knowledge of the results of the
reference standard?

Item 11

Were the reference standard results interpreted without knowledge of the results of
the index test?

Item 12

Were the same clinical data available when test results were interpreted as would be
available when the test is used in practice?

Item 13

Were uninterpretable/ intermediate test results reported?

Item 14

Were withdrawals from the study explained?
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Assessment of methodological quality
For the methodological quality assessment, we applied the Quality Assessment of
Diagnostic Accuracy tool (QUADAS) (Table 3).12 This tool uses predefined criteria
based on elements of study design, conduct and analysis which are likely to have a
direct relationship to bias in test accuracy studies. It was developed by a panel of nine
experts in the field of diagnostic accuracy and consists of 14 validated questions (see
Table 3: items 1 – 14).13;14 A background document clarifies terms and indicates how
the 14 items should be scored by Yes, No or Unclear. QUADAS does not incorporate
a quality score.15;16
Comments on the application of QUADAS
Item 1 (Was the spectrum of patients representative of the patients who will receive
the test in practice?) was scored with a Yes if patients with a dermatological disease
other than AD were assigned to the control group. In case of healthy controls, a
No was scored. The reference standard likely to classify AD correctly is the clinical
diagnosis by an experienced dermatologist. Other reference standards were scored
with No (item 3). The time-interval between the reference test and the index test
was considered short enough, if time-interval was shorter than two weeks (item 4).
Because of lack of relevance, item 12 (Were the same clinical data available when
test results were interpreted as would be available when the test is used in practice?)
was omitted. Since the clinical diagnosis of AD as reference standard and diagnostic
criteria as the index test are inseparable it is impossible to blind the validation process.
Therefore, item 7 (Was the reference standard independent of the index test?) of the
QUADAS tool was considered to be not applicable.
Data extraction and analysis
For each included study, data on study characteristics (both clinical and methodological)
and on test accuracy (QUADAS) were independently extracted by the two first
authors. For this purpose a data-extraction form was designed. Disagreements about
data extraction were resolved by discussion. Study characteristics included index test,
reference standard, study design, setting, study population, number of participants,
prevalence, country and data on translation. In case of translation of the criteria, we
examined if the translation was verified by back translation. For studies carried out
in nonnative English speaking countries that did not describe their translations, we
scored the translation as ‘not reported’. Data with respect to the outcome parameters
(sensitivity, specificity, positive and negative predicting value) were extracted. All
calculations were verified by recalculation.
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RESULTS

Results of the literature search
Figure 1 summarizes the selection process for studies on diagnostic criteria for
AD. An initial search retrieved 925 articles. After screening titles and abstracts for
eligibility, 47 articles were selected. The excluded articles were primarily clinical trials
in which diagnostic criteria were used to define AD. Reference searching yielded
three additional publications.7;17;18 The search for articles written by the designers
of the diagnostic criteria yielded no additional articles. No additional articles were
found by the Cochrane databases. Of the initial 47 selected articles 27 publications
were excluded. Of them, nine studies concerned the development of diagnostic
criteria2;3;6;10;19-23, six studies considered only the minor or the major criteria of the
Hanifin and Rajka criteria24-29, nine studies did not correspond with the outcome
measurements 5;30-37 and three studies proved to be not relevant17;38;39.
Study description
Twenty articles, published between 1994 and 2007 were included in this review.
Of the included articles, nine studies were hospital based3;8;40-46, 12 studies were
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Figure 1. Flowchart
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population based18;32;47-56 and one study was both hospital and population based57.
Of all 27 validation studies, 18 were independent studies from centers with no conflict
of interest. Reference standards used were the clinical diagnosis by a dermatologist,
the Hanifin and Rajka diagnostic criteria, the U.K. diagnostic criteria and the Japanese
Dermatology Association criteria. As a reference standard, the clinical diagnosis by
a dermatologist was most frequently used. Study characteristics are shown in (Table
4). Five studies were primarily prevalence studies that showed a sub-research on the
validation of the diagnostic criteria used.32;43;50;52;53 Question-only based formats
used by parents on the U.K. diagnostic criteria were assessed in 10 studies.43;47-50;52-56
The U.K. diagnostic criteria were validated in 17 studies18;40;42;44-46;48-58, SchultzLarsen criteria and the Hanifin and Rajka diagnostic criteria were validated in two
studies40;43;45;57, and the Kang and Tian, the ISAAC and the Criteria of Diepgen in
one study3;9;51. Only the U.K. diagnostic criteria are frequently validated both in
hospital and population based setting. Williams et al. performed three validation
studies in a hospital based setting, all described in one article.45 Seaki et al. performed
two validation studies in one article56 and Diepgen et al. validated three different
sets of criteria3. The Millennium criteria, Danish Allergy Research Centre (DARC)
criteria, Lillehammer criteria and Japanese Dermatology Association criteria were
not validated.2;5;7
The methodogical quality assessed with the QUADAS tool is illustrated in Table 5.
Item 6 (Did patients receive the same reference standard regardless of the index test
result?) was scored once with Unknown. All included studies scored a No for item 7
(Was the reference standard independent of the index test?). Only one study scored
a No for item 8 (Was the execution of the index test described in sufficient detail to
permit replication of the test?). Item 9 (Was the execution of the reference standard
described in sufficient detail to permit its replication?) was scored with a NO in only
2 studies. Only 3 studies scored a Yes for item 13 (Were uninterpretable/ intermediate
test results reported?). Total percentages of Yes per item of rest of the items fluctuated
from 41% to 86%.
Results of validation studies
Two studies validated the Hanifin and Rajka diagnostic criteria using the clinical
diagnosis as reference standard. Their sensitivity ranged from 87.9% to 96.0%,
specificity from 77.6% to 93.8%.45;57 With respect to the hospital based studies
validating the U.K. diagnostic criteria the sensitivity ranged from 10% to 95.5% and
specificity from 90.4% to 98.3%.8;41;42;44-46 The hospital based study by Firooz et al.
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Table 4. Key Characteristics of included validation studies

Criteria / Reference

Reference standard

Study design

Setting

Williams et al. (1994) I

Clinical diagnosis

Cross-sectional

Hos

Williams et al. (1994) II

Clinical diagnosis

Cross-sectional

Hos

Williams et al. (1994) III

Clinical diagnosis

Case- control

Hos

Williams et al. (1996)

Clinical diagnosis

Cross sectional

Pop

U.K. diagnostic criteria
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Ortiz de Frutos et al. (1998)

Clinical diagnosis

Case-control

Hos

Popescu et al. (1998)

Clinical diagnosis

Cross-sectional

Pop

Möhrenschlager et al. (1998)

Clinical diagnosis

Case-control

Pop

Firooz et al. (1999)

Clinical diagnosis

Cross-sectional

Hos

Marks et al. (1999)

Clinical diagnosis

Cross-sectional

Pop

Gu et al.(2001)

H&R

Case-control

Hos

Olesen et al. (2001)

Clinical diagnosis

Case-control

Pop

Fleming et al. (2001)

U.K.

Case-control

Pop

Ortiz et al. (2003)

Clinical diagnosis

Cross-sectional

Hos

Girolomoni et al. (2003)

Clinical diagnosis

Cross-sectional

Pop

Hamada et al. (2005)

JDA

Cross-sectional

Pop

Haileamlak et al.(2005)

Clinical diagnosis

Case-control

Pop

De et al. (2006)

Clinical diagnosis

Case-control

Hos

Chalmers et al. (2006)

Clinical diagnosis

Cross-sectional

Pop

Saeki et al. (2007)

JDA

Cross-sectional

Pop

Hanifin and Rajka diagnostic criteria
Williams et al. (1994) III

Clinical diagnosis

Case- control

Hos

De et al. (2006)

Clinical diagnosis

Case-control

Hos

Schulz-Larsen criteria
Schultz Larsen et al. (1996)

H&R

Case-control

Hos/ Pop

Laughter et al. (2000)

Clinical diagnosis

Case-control

Hos

Clinical diagnosis

Case-control

Hos

H&R

Case-control

Hos

Clinical diagnosis

Case-control

Pop

Diepgen criteria
Diepgen et al. (1996)
Kang and Tiang criteria
Gu et al.(2001)
ISAAC criteria
Haileamlak et al. (2005)

UK, U.K. diagnostic criteria; H&R, Hanifin and Rajka diagnostic criteria; JDA, Japanese Dermatology
Association diagnostic criteria. Hos, hospital based; Pop, population based.

Diagnostic criteria for atopic dermatitis

Age

Numbers (case/
control)

AD
Prevalence

Country

Translation

≤ 10 y, >10 y

200

-

England

-

<16 y

114

-

England

-

All ages

214 (116/98)

-

England

-

3-11 y

695

8.5

England

-

All ages

237 (102/135)

-

Spain

Spanish (verified)

6-12 y

1114

2.4

Romania

Romanian (verified)

8-9 y

373 (43/330)

<4, 4-10 y, >10 y 416

12.0

Germany

German (verified)

-

Iran

Not reported

4-18 y

2491

16.3

Australia

-

All ages

232 (111/121)

-

China

Not reported

3-15 y

61 (31/30)

-

Denmark

Danish (verified)

1y

118 (59/59)

-

Scotland

-

3-17 y

874

7.1

Spain

Spanish (verified)

9y

1331

5.8

Italy

Not reported

≤5

565

6.9

Japan

Japanese (not verified)

1-5 y

(93/433) (140/592)

4.4

Southwest Ethiopia Amharic (verified)

≤ 15 y

149 (101/48)

-

North India

Not reported

3-nov

3069

1.0

South Africa

Xhosa (verified)

6-7 y and 11-12 y 16152 3849

11.2, 10.4

Japan

Japanese (verified)

All ages

214 (116/98)

-

England

-

≤ 15 y

149 (101/48)

-

North India

Not reported

6-12 y

Unknown

15.6

North Europe

Not reported

5-9 y

67 (18/49)

-

USA

-

10-55 y

329 (106/223)

-

Germany

Not reported

All ages

232 (111/121)

-

China

Not reported

1-5 y

(93/433) (140/592)

4.4

Southwest Ethiopia Amharic (verified)

37

Chapter II

Table 5. Qualitative outcomes of validated diagnostic criteria by the QUADAS tool
Item1

Item2

Item3

Item4

Item5

Item6

Item8

Williams et al. (1994) I

Y

Y

Y

Y

Y

Y

Y

Williams et al. (1994) II

Y

N

Y

Y

Y

Y

Y

Williams et al. (1994) III

Y

Y

Y

Y

Y

Y

Y

Williams et al. (1996)

Y

Y

Y

Y

Y

Y

Y

Ortiz de Frutos et al. (1998)

Y

Y

Y

N

Y

Y

Y

Popescu et al. (1998)

Y

Y

Y

Y

Y

Y

Y

Möhrenschlager et al. (1998)

Y

Y

Y

N

N

Y

Y

Ortiz de Frutos et al. (1999)

Y

Y

Y

N

Y

Y

Y

Marks et al. (1999)

Y

Y

Y

Y

Y

Y

Y

Gu et al.(2001)

Y

Y

N

U

Y

Y

Y

Olesen et al. (2001)

N

Y

Y

U

Y

Y

Y

Fleming et al. (2001)

Y

N

N

N

Y

Y

Y

Ortiz et al (2003)

Y

Y

Y

Y

Y

Y

N

Girolomoni et al. (2003)

Y

Y

Y

Y

Y

Y

Y

Hamada et al. (2005)

Y

Y

Y

U

Y

Y

Y

Haileamlak et al. (2005)

Y

Y

Y

N

Y

Y

Y

De et al. (2006)

Y

Y

Y

U

Y

Y

Y

Chalmers et al. (2006)

Y

Y

Y

N

Y

Y

Y

Saeki et al. (2007)

Y

N

N

Y

Y

Y

Y

Williams et al. (1994) III

Y

Y

Y

Y

Y

Y

Y

De et al. (2006)

Y

Y

Y

U

Y

Y

Y

Schultz Larsen et al. (1996)

N

Y

N

U

U

U

Y

Laughter et al. (2000)

N

Y

Y

N

N

Y

Y

Y

Y

Y

U

Y

Y

Y

Y

Y

Y

N

Y

Y

Y

Y

Y

N

U

Y

Y

Y

U.K. Diagnostic criteria
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Hanifin and Rajka criteria

Schultz-Larsen criteria

Diepgen criteria
Diepgen et al. (1996)
ISAAC criteria
Haileamlak et al. (2005)
Kang and Tian criteria
Gu et al.(2001)
Y, yes; N, no; U, unclear
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Item9

Item10 Item11 Item13 Item14

Y

Y

Y

N

Y

Y

Y

Y

N

Y

Y

Y

Y

N

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

N

Y

Y

Y

N

Y

Y

Y

Y

N

N

Y

Y

Y

N

N

Y

U

U

N

Y

N

U

U

N

N

Y

U

U

N

N

Y

Y

Y

N

Y

N

Y

Y

N

Y

Y

N

N

N

N

Y

N

U

Y

Y

Y

U

Y

N

N

Y

U

U

N

N

Y

U

Y

N

N

Y

Y

Y

N

N

Y

Y

Y

N

Y

Y

U

U

N

N

Y

U

U

N

N

Y

Y

Y

N

N

N

U

U

Y

N

Y

U

Y

N

N

N

U

U

N

N

showed a remarkable low sensitivity
of 10%. For studies validating the U.K.
diagnostic criteria in a population based
setting sensitivity ranged from 42.8%
to 100% and specificity from 89.3%
to 99.1%.18;48;49;51-56;58;59 Besides the
corresponding specificity, four population
based studies showed a relatively low
sensitivity. Reference standards used in
these studies were; the clinical diagnosis
in 15 studies, the Japanese Dermatology
Association criteria in two studies and
the Hanifin and Rajka diagnostic criteria
in one study. When the Schultz-Larsen
diagnostic criteria were evaluated for
hospital and population based setting in
two studies, the sensitivity and specificity
ranged from 88% to 94.4 and from 77.6%
to 95.9, respectively.43;57 Reference
standards used in these studies were the
clinical diagnosis and the Hanifin and
Rajka diagnostic criteria. The Kang and
Tian criteria resulted in 95.5% sensitivity
and 100% specificity when compared with
the Hanifin and Rajka diagnostic criteria.9
The ISAAC questionnaire showed a
positive predictive value (PPV) of 48.8%
and a negative predictive value (NPV) of
91.1%.51 Sensitivity and specificity of the
three validated sets of diagnostic criteria
of Diepgen ranged from 83.0% to 87.7%
and from 83.9% to 87.0% respectively.3
Detailed information on the outcomes
is presented in Table 6 and Table 7. An
overview of the varying sensitivity and
specificity of the various diagnostic
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Table 6. Results for hospital based studies
Sensitivity
Criteria / Reference

Specificity

Absolute
numbers

%

Absolute
numbers

%

25/36

69.4

157/164

95.7

U.K. diagnostic criteria
Williams et al. (1994) I
Williams et al. (1994) II

33/39

84.6

72/75

96.0

Williams et al. (1994) III

102/116

87.9

91/98

92.8

6/601

10.0

350/365

98.3

106/111

95.5

118/121

97.5

Ortiz de Frutos et al. (1998)
Firooz et al. (1999)
Gu et al. (2001)

76.5

Ortiz et al (2003)
De et al. (2006)

90.4

63.6
87/101

86.1

96.7
46/48

95.8

Hanifin and Rajka diagnostic criteria
Williams et al. (1994) III

108/116

93.1

76/98

77.6

De et al. (2006)

97/101

96.0

45/48

93.8

Schulz-Larsen criteria
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Schultz Larsen et al. (1996)
Laughter et al. (2000)

88

89

17/18 SLI

94.4

38/49

77.6

16/18 SLII

88.9

47/49

95.9

Diepgen criteria
Diepgen et al. (1996)

87.7 DgI

83.9

83.0 Dg II

87.0

87.7 DgIII

84.3

Kang and Tian diagnostic criteria
Gu et al. (2001)

106/111

95.5

121/121

100

Figure 2. ROC plot for hospital based studies
H&R, Hanifin and Rajka diagnostic criteria; K&T, Kang
& Tian diagnostic criteria; SL; Schultz-Larsen criteria;
UK, U.K. diagnostic criteria
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PPV

NPV

Absolute
numbers

%

Absolute
numbers

%

25/32*

78.1

157/168*

93.4

33/36*

91.7*

72/78*

92.3*

102/109*

93.6*

91/105*

86.7*

6/21*

28.6*

350/404*

86.6*

106/109

97.3

118/123

95.9

85.7

83.6

63.6

96.7

87/89

97.8

46/60

76.7

108/130*

83.1*

76/84*

90.5*

97/100

97

45/49

91.8

17/28

60.7

38/39

97.4

16/18

88.9

47/49

95.9

106/106

100

121/126

96.0

SL I, criteria Schultz-Larsen sumscore
50+; SL II, Schultz-Larsen criteria
sumscore 80+; Dg I, Criteria of
Diepgen without restrictions; DgII,
Criteria of Diepgen simplicity model;
DgIII criteria of Diepgen objective
model; 1= adjusted for 1-year
period prevalence;* = Number were
calculated. If studies subdivided their
population by age, only the total
results of the whole group were
described.

Figure 3. ROC plot for population based studies UK,
U.K. diagnostic criteria; SL, Schultz-Larsen criteria
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Table 7. Results for population based studies
Sensitivity
Criteria / Reference

Specificity

Absolute
numbers

%

Absolute
numbers

%

41/59

69.5

590/636

92.8

70/88

79.51

590/607

97.21

20/27

74.0

1075/1087

98.9

U.K. diagnostic criteria
Williams et al .(1996)
Popescu et al. (1998)
Möhrenschlager et al. (1998)

38/43

88.4

326/330

98.8

177/414

42.8*

1974/2077

95.0*

Olesen et al. (2001)

28/31

90.32

29/30

96.72

Fleming et al. (2001)

49/49*

100*

55/59*

93.2*

Girolomoni et al. (2003)

66/85*

77.6

1235/1246*

99.1

Hamada et al. (2005)

23/39

59.0

498/526

94.7

Marks et al. (1999)

Haileamlak et al. (2005)
Chalmers et al. (2006)
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43.71

97.91

Saeki et al. I (2007)

1250/1742

71.8

12866/14410

89.3

Saeki et al. II (2007)

236/401

58.9

3290/3448

95.4

292/401

72.81

3148/3448

91.31

Schultz-Larsen criteria
Schultz Larsen et al. (1996)

88

89

ISAAC criteria
Haileamlak et al. (2005)
1= adjusted for 1-year period prevalence; 2= based on lifetime prevalence; *=Numbers were
calculated

criteria are presented in ROC plots (Figure 2 and 3). Due to the heterogeneity
(e.g. variability in study populations and the settings) of the included studies, we
considered a meta-analysis to generate summary estimates to be inappropriate.

DISCUSSION

With this systematic review we have systematically collected and analyzed validation
studies of various sets of diagnostic criteria for AD. Overall, sensitivity and specificity
ranged from 10 to 95 % and from 77.6 to 100% in hospital based studies and from 42.8
to 100% and from 44.7 to 96.6% in the population based studies.
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PPV

NPV

Absolute
numbers

%

Absolute
numbers

%

41/87

47.1

590/608

97.0

70/87

80.01

590/608

97.01

20/32

62.5

1075/1082

99.3

38/42*

90.5*

326/331*

98.5*

177/280

63.6*

1974/2211

89.3*

28/29*

96.62,*

29/32*

90.62,*

49/53*

92.4*

55/55*

100*

66/77*

85.7

1235/1254*

98.5

23/51

45.1*

498/514

96.9*

55.5

393/436

50/90

18.41

90.1
99.41

1250/2794

44.7

12866/13358

96.3

236/394

59.9

3290/3455

95.2

292/592

49.31

3148/3257

96.61

62/127

48.8

388/426

91.1

The first diagnostic criteria were introduced in 1980 by Hanifin and Rajka to
delineate the clinical population in the absence of a clear definition of AD, mainly in
order to conduct investigative studies.4 The four major and 23 minor criteria were
based on consensus between experienced dermatologists without objective clinical
validation. As many criteria involved and some clear definitions of items are missing,
studies choose to exclude minor features (e.g. immediate skin test reactivity, impaired
cell mediated immunity, keratoconus) from assessment.40;42 In conclusion, the list is
time consuming and not manageable. It is therefore unsuitable for population based
studies.6 However the Hanifin and Rajka criteria are often used in clinical trials, the
question remains whether they are applied in an appropriate way. Their suitability
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in hospital-based studies has not been guaranteed. No validation studies were found
between 1980 and 1994, and only two validation were found published in 1994 and
2006. Although indicating varying specificities, the validity in these two hospital
based studies showed good outcomes.40;45
Later, in 1989, Kang and Tian developed a new set of criteria specially designed for
the Chinese population.9 By evaluating the Kang and Tian criteria with the Hanifin
and Rajka diagnostic criteria as reference standard, Gu et al. created a gold standard
bias since the Kang and Tian are partly based on the Hanifin and Rajka criteria.42
ISAAC was founded to maximize the value of epidemiological research into AD
and other allergic diseases, by facilitating international collaboration in 1991.1 As the
ISAAC questionnaire is primarily used to assess prevalences, studies validating the
ISAAC questionnaire often use a prevalence estimate as outcome measure and were
therefore excluded. Only Haileamlak et al. conducted a case-controlled validation
study.51 Unfortunately, due to the sampling method of the cases and controls,
specificity and sensitivity could not be calculated.
In 1992, a special task force was introduced by the board of the Japanese
Dermatological Association to create new criteria on the diagnosis of AD by means
of discussion: the Japanese Dermatological Association criteria.10 The diagnostic
criteria consist of only mandatory features; pruritus, typical morphology and chronic
or chronically relapsing course. No studies were found that validated these criteria.
However, these criteria were used as a reference standard in several studies.52;56
The Schultz-Larsen criteria were introduced by Schultz-Larsen and Hanifin.6
These consist of statements and questions, each of which is assigned a certain point
value. After slightly modifying the Schultz-Larsen criteria, Laughter et al. compared
those criteria with the clinical diagnosis in a case-control study.43 They excluded
10 patients (13.2%) with possible AD and therefore results might be too optimistic.
Kuhnyar et al. mentioned that they validated these criteria, but did not publish data.32
In 1994, the Lillehammer criteria were proposed by Schultz-Larsen, Diepgen and
Svensson.7 No studies were found validating or using these criteria.
Around the same period, Diepgen developed and validated another three lists
of diagnostic criteria; an objective model (without subjective features), a simplicity
model (without laboratory measures and subjective features) and a model without
constraints.3 These lists showed corresponding results in a validation study, but none
of those lists were subsequently used in published studies as far as we have been able
to detect in literature.
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In 1997, the U.K. diagnostic criteria were introduced by Williams et al. as a
refinement of Hanifin and Rajka’s diagnostic criteria for AD.8 These criteria consist
of one mandatory and five major criteria. The criteria are all noninvasive and
were designed for clinical and epidemiologic studies as illustrated on http://www.
nottingham.ac.uk/ dermatology/ eczema/ section5-1.html (accessed 16 November
2007). A slight modification of the criteria is needed when infants are assessed.
Although a fulfillment of the criteria by itch and three criteria is recommended, studies
also validated a cut of point of two, four or five criteria.40;41;44;45;48;55 Seven of the 19
U.K. validation studies were independent studies from centers with no conflict of
interest. Unlike the five other hospital based studies with corresponding validity, the
independent Iranian study of Firooz et al. showed a remarkably low sensitivity (10%).41
This might be due international differences in clinical phenotype, environmental
factors and observation bias.60 Although specificity showed uniformity, sensitivity
fluctuated in the population based studies. The lower sensitivity found by Hamada
et al. and Saeki et al. might be due to some incomprehensibility in the Japanese
translation and to insufficient parent cooperation.52;56 Heterogeneity by diverse
cultural, socioeconomic and language settings might explain the low sensitivity of
43.7% showed by Chalmers et al.48 In addition, questions about personal or familial
atopy may result in poorer performance. 53
The Danish Allergy Research Centre (DARC) criteria are primarily used to
diagnose AD in infants and were specially developed for the study of Johnke et al.
in 2005.5 They compared the U.K., Hanifin and Rajka, Schultz-Larsen and DARC
diagnostic criteria with a prevalence estimate, without the use of a reference standard.
No further evidence was found on the validity of the DARC criteria.
Exceptional are the Millennium criteria, proposed by Bos et al. in 1998.2 In this
list the presence of allergen-specific IgE is mandatory for the diagnosis of AD. These
criteria were developed in response to the new knowledge about the pathogenesis
of atopy in which the presence of allergen-specific IgE is essential. To satisfy the
Millennium criteria, the mandatory criterion and two of the three principal criteria
have to be fulfilled. No study yet validated these criteria.
We collected all relevant articles concerning the validation of diagnostic criteria
by an extensive systematic search. However, studies presented as prevalence studies
might have involved a validation substudy, which was not reported in the abstract. If
present, those studies might have been missed. Single-used, nonvalidated personal
definitions of AD were applied in prevalence studies, which were not taken into
account. Of the validation studies included, only the U.K. diagnostic criteria were
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tested for repeatability. Assuming that a high accuracy corresponds with a good
repeatability, evaluation of repeatability was not taken into account.
There are at least eight possible explanations why the results of the validation
studies show considerable variability. (i) Differences in study characteristics lead to
inconsistent study outcomes. In particular, differences in age might be an important
issue, since the study designs varied in age groups. The study populations varied
in culture, skin type and the settings of the studies range from urban to rural
environments and from industrial to developing countries. (ii) Different reference
standards were used. In general, the clinical diagnosis made by an experienced
dermatologist is considered gold standard. However, to use the clinical diagnosis as a
gold standard may be a point of discussion, since uniformity is not guaranteed in such
a diagnostic process of AD. If the clinical diagnosis relies on one person, the validation
study might be affected. With a panel of experts diagnosing AD, the problem could
partly be solved. (iii) Most studies used point prevalence estimates to establish the
diagnosis of AD, while others used a 1-year period or lifetime prevalence estimate.
Studies using a 1-year period or a lifetime to validate diagnostic criteria showed more
optimistic outcomes as illustrated by Williams et al. and Saeki et al.55;56 Applying
diagnostic criteria over a 1-year period or lifetime might have reduced false-negatives
due to decreased disease activity during a single examination. (iv) As scabies mimics
the symptoms of AD, false-positives in scabies endemic areas were numerous.
(v) Some studies employed question-only based formats on the U.K. diagnostic
criteria.4;47;51-53 By excluding the criterion of ‘visible flexural dermatitis’, the results
can be questioned. (vi) Diagnostic criteria were often translated to conduct studies in
nonnative-English speaking countries.18;44;46;48;51;52;54;56;58 Due to these translations,
inconsistencies might have evolved. To ensure nothing is lost in translation, translated
diagnostic criteria must be retranslated into the original language. If not, results are
less reliable. Six studies did not report any data on translation.3;40-42;57;59 In addition
to these translation issues, cultural issues like the interpretation of pruritus may be
important to explain differences in validity. (vii) Diagnostic criteria did not perform
well on PPV, when applied in regions where the prevalence of AD is low. (viii) The
studies investigated show differing methodological strength as illustrated by the
QUADAS tool. Interpreting methodological quality by using the QUADAS tool
raised several issues. Although selection criteria, reference standard and index test
were well reported in most studies, withdrawals and intermediate results were not
commonly stated. The period between the reference standard and the index test was
often not reported or was considered too long to be reasonably sure that the course
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of AD did not fluctuate. Approximately half of the studies showed a lack of blinding.
As the current diagnostic criteria are based on clinical experience and the gold
standard is the clinical diagnosis, the results of the index test are used in establishing
the final diagnosis. With this, an incorporation bias is inevitable, which may lead to
overestimation of sensitivity and specificity.61;62
With respect to all included validation studies, the U.K. diagnostic criteria have
been validated the most, both in hospital- and in population-based settings. Unlike
the other criteria, this scientifically derived, minimum list of criteria have been
showed to be applicable and repeatable across all ages and in a wide range of ethnic
groups. However, the Hanifin and Rajka diagnostic criteria are most mentioned in
investigational studies, they have not been investigated enough to consider them
applicable for epidemiological as well clinical trials. Unlike the Schulz-Larzen,
Diepgen, Kang and Tiang and ISAAC criteria which have been validated only once or
twice, other existing criteria like the Lillehammer, Japanese Dermatology Association,
Millennium and DARC have not been validated yet. In addition, independence of
validation studies is an important issue. Only the U.K. criteria were more than once
validated independent without conflict of interest. Validation studies of the other
diagnostic criteria should be preformed independently to give an reliable value
judgment.
Besides the various sets of criteria that have been proposed, the nomenclature of
AD has been changed and updated over the years.63;64;65 There is an increasing need
for consensus in nomenclature and reconsideration of diagnostic criteria of AD.
In conclusion, in this systematic review, six validated sets of diagnostic criteria
for AD and total of 27 validation studies of were found. In the included studies, the
methodological quality varied substantially. For future validation studies improvement
of the methodological design is recommended following a clear guideline like
QUADAS. As the most extensively validated are the U.K. diagnostic criteria, this set
of criteria for AD should be recommended in future intervention studies. However,
the ideal set of diagnostic criteria still has to be established. In addition, uniformity
in nomenclature and in up-to-date, well-validated, applicable diagnostic criteria is
needed to improve future intervention studies and to compare study results.
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ABSTRACT

Background: During the last decades various sets of diagnostic criteria for atopic
dermatitis (AD) have been proposed and partially validated. However, there is
discrepancy between the current definition of atopy, and how that is applied in
diagnosing AD. A manageable and up-to-date set of AD criteria is needed.
Objectives: To validate the Millennium Criteria (MC) in a hospital-based setting. To
attempt to improve and refine these criteria into a manageable and clinical applicable
set.
Methods: This prospective case-control study included 122 AD patients and 79
controls, which were examined with the MC. First, validity of the MC was assessed.
By logistic regression analysis the best discriminating subset of MC was identified.
Subsequently, a diagnostic classification model was defined by tree analysis.
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Results: The MC performed very well in our hospital-based setting (100% sensitivity,
88.6% specificity). Overall accuracy of the MC was 88.6%. Out of the MC, we identified
a subset of 4 discriminating criteria. Out of these criteria a tree classification model
was created, having a sensitivity of 88.6% and specificity of 98.8%.
Limitations: Repeatability and heterogeneity of the MC have not been investigated.
Contamination bias was inevitable which may have lead to overestimation of
sensitivity and specificity.
Conclusion: This validation study suggests that the MC are an accurate tool to
diagnose AD. The simplification of the MC into a diagnostic tree model, showed
that besides allergen-specific IgE and typical morphology and distribution, xerosis,
pityriasis alba and chronic or relapsing course are essential criteria for the diagnosis
of AD.

Validation of the Millennium Criteria

INTRODUCTION

The term “atopic dermatitis” (AD) was suggested in 1933 by Wise and Sulzberg,
to define a skin disease characterized by inflammation, pruritus, and chronic
erythematous lesions with a relapsing course. With an increasing prevalence of up to
20% in children and 10% in adults, AD is one of the most common skin disorders (Bos.
et al. Atopic and atopiform dermatitis: mysteries and controversies. submitted).1, 2
In clinical practice, the diagnosis is usually based on clinical features combined
with disease history.3 There is disagreement about the definition of AD and AD has a
wide spectrum of dermatological manifestations. Various diagnostic sets of criteria,
of which the Hanifin and Rajka criteria and U.K. criteria are the most commonly
used, have been developed to improve diagnostic accuracy.4-9 Nevertheless, to date
there is no uniformity in diagnosing AD.10 The gold standard still remains a diagnosis
made by an experienced (team of ) dermatologist(s).
The development of the Hanifin and Rajka criteria in 1980 represented an
important milestone for AD research. It attempted standardization of diagnosis of
AD by proposing a list of 4 major and 23 minor diagnostic features.5 These criteria
were based on clinical experience, following a consensus conference, and have been
widely accepted since then.11 For clinical studies these criteria were found to be useful
but they were found unsuitable for population-based studies.12, 13 Moreover, this list
was considered unwieldy and it included some unclear definitions and some rarely
present or non-specific criteria.9, 14 As a refinement of the Hanifin and Rajka criteria,
Hywel C. Williams et al. developed a minimal set of five diagnostic criteria, the U.K.
criteria.9 Although doubt has arisen about their sensitivity, these criteria have been
validated in both hospital and epidemiological settings.15 In addition to these criteria,
the Millennium Criteria (MC) were introduced, in which the presence of allergenspecific IgE is mandatory for the diagnosis of AD.4 This set of criteria incorporated
IgE for atopy, stating that the term ‘atopy’ should be reserved to describe the genetic
predisposition to become IgE-sensitized to allergens.16 Since there are patients
with the phenotype of AD who have no demonstrable atopy, the term “atopiform
dermatitis” (AFD) was introduced to avoid the confusion with atopy. 17, 18
To summarize, there is a discrepancy between the current definition of atopy (the
production of allergen-specific IgE), and how that is applied in diagnosing AD in
clinical practice and for research purposes. Therefore a manageable and up-to-date
set of criteria for AD is needed.
With this study we assessed the value of the MC in a hospital-based setting. We
present prevalence rates and associations with the clinical diagnosis. Secondly, we
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aimed to improve and refine the MC into a more manageable and applicable set. By
a tree model we aimed to determine the best diagnostic strategy to use for clinical
screening purposes.

PATIENTS AND METHODS

Patients
The study was conducted at the Department of Dermatology, Academic Medical
Center, University of Amsterdam, the Netherlands between August 2006 and March
2007. Cases, over 2 years old, with a clinical diagnosis of AD and positively tested
for allergen-specific IgE by a Phadiatop® and / or skin tests19, 20, were recruited
consecutively from the outpatient clinic. A clinical diagnosis of AD was made by an
experienced dermatologist, unaware of the goal of the study. A consecutively recruited
control group consisted of patients with dermatological inflammatory disorders
other than AD. For all controls the diagnosis of AD once has been considered as a
differential diagnosis and therefore presence of allergen-specific IgE had at least once
been tested.
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Diagnostic criteria
The reference standard for diagnosing AD was a clinical diagnosis of AD and positive
testing for allergen-specific IgE levels. Two investigators, blinded for the diagnosis
made by the dermatologist, examined the cases and controls. For all patients, medical
history and demographic characteristics were recorded. All clinical features (with a
few exceptions, see below) of the MC were obtained independently from the clinical
diagnosis made by the dermatologist.
In order to capture the episodic nature of AD and minimize the effect of seasonal
variations, a one-year prevalence analysis was used. The MC were fulfilled in case of
presence of allergen-specific IgE as mandatory criterion plus 2 or more of 3 major
criteria (Table 1). Originally, the additional minor features needed to be considered
as “circumstantial evidence”. For this study all criteria were evaluated.
Statistical methods
Sensitivity, specificity, relative value (sensitivity + specificity -100), and diagnostic
odds ratio (dOR) were calculated for the Millennium Criteria as a whole and for each
of its diagnostic features individually. The relative value (RV, also known as Youden
index) summarizes the overall performance. If RV takes the value 100, the diagnostic
test discriminates perfectly, while values below zero indicate a lack of discrimination.
Similarly, with a dOR of 1 there is no discrimination between AD and non-AD,
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Table 1. The original set of the Millennium Criteria
for the diagnosis of AD
1. Mandatory criterium
Presence of allergic specific IgE
2. Principal criteria (2 of 3 present)
Pruritus
Typical morphology and distribution
Chronic or relapsing course
3. Additional criteria ‘circumstantial evidence’
a. Related to eczema
Cheilitis
Nipple eczema
Pityriasis alba
Facial pallor / erythema
Orbital darkening
Cradle cap
Tendency non-specific hand/foot eczema
b. Related to dry skin
Xerosis
Ichthyosis
Palmar hyperlinearity
Keratosis pilaris
Perifollicular accentuation
Perlèche
Itch when sweating
Intolerance to wool and lipid solvents
c. Extra skin folds
Dennie-Morgan infraorbital fold
Anterior neck folds
Auricular rhagades
Ophtalmological pathology
Hertoghe sign
Photophobia
Anterior subscapular cataract

whereas high values indicate that
the feature discriminates very well.
Subjective signs, medical history data
of cradle cap and photophobia, were
difficult to evaluate since patients
might be unaware and were therefore
not included for analysis.
To refine the MC into a smaller
and convenient set, two additional
statistical analyses were carried
out. First, a multivariate logistic
regression analysis with stepwise
backward elimination was conducted
(selection criterion P< 0.05, removal
criterion P> 0.10), including clinically
relevant MC, i.e., having a dOR
> 3 and a prevalence between 5%
and 95% in the univariate analyses.
Multicollinearity between selected
variables was assessed using the
tolerance (> 0.1 indicating absence
of collinearity) and variance inflation
factor (VIF < 10). Goodness of fit of
the final model was assessed with
the Hosmer and Lemeshow test,
discrimination of the model with
the Nagelkerke R square and area
under the curve. Residual analysis
(influence statistics) was conducted
by inspection of the standardized
residuals that should be < 3.
Second, a classification tree model
was developed with the CHi-squared
Automatic Interaction Detector
(CHAID) algorithm21, using a simple
diagnostic score that was derived
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from the multivariate logistic regression model. The CHAID algorithm splits up the
data-set by detecting the best predictor of AD among the candidate criteria, creating
associated subgroups of suspected AD and suspected non-AD patients. Each of
the subgroups is then independently analyzed in the same way, and the process is
continued until no more statistically significant predictors can be found. The SPSS
12.0 for Windows software was used for all computations.

RESULTS

Patients
A total of 201 consecutive subjects were enrolled in this study: 122 patients with AD
and 79 controls (no withdrawals). Demographic characteristics are summarized in
Table 2. AD cases were generally younger than control patients (median age 23.0,
versus 50.0, years) which is understandable as AD is primarily a childhood disease.
There was a female preponderance in both groups: the male-female ratio was 1 : 2.6
Table 2. Characteristics of AD patients and controls
Atopic dermatitis
(n=122)
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Age, median (IQR)

Controls
(n=79)

23

(13.7/37.2)

50

(34/61.5)

Male

34

(27.9)

30

(38.0)

Female

88

(72.1)

49

(62.0)

7

(5.8)

5

(6.3)

Gender, N (%)

Skin type, N (%)
1
2-3

82

(67.2)

64

(81.0)

4-5

32

(26.2)

10

(12.7)

22.7

(13.0/33.6)

-

-

97

(79.5)

25

(33.8)

Scorad*, median (IQR)
Patient atopic history, N (%)
Asthma

56

(45.9)

16

(21.6)

Hay fever

66

(54.1)

8

(10.8)

Allergic rhinitis

75

(61.5)

7

(9.5)

Conjunctivitis

27

(22.5)

9

(12.2)

Family atopic history, N (%)

83

(68.0)

23

(31.1)

Father, mother with atopy

71

(58.2)

15

(20.3)

Brother, sister with AD

44

(36.1)

10

(13.5)

* Scorad, scoring atopic dermatitis (severity score)
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Figure 1. Diagnosis of control subjects (n=79)

in AD cases and 1 : 1.63 in the controls. History of other atopic diseases was obtained
in 97 (80%) of AD patients; a family history of atopy was mentioned by 83 (68%)
of AD patients. For the controls, these percentages were 34% and 31% respectively.
The diagnoses of control patients included in the study are shown in Figure 1. Of
the 16 cases in the category ‘other dermatitis’, 2 were cases of folliculitis, 2 had
lichen simplex chronicus, 2 had toxicodermia, the remaining 10 having nummular
dermatitis, asteatotic dermatitis, hypostatic dermatitis, tinea capitis, pityriasis rubra
pilaris, pityriasis lichenoides, granuloma annulare, actinic porokeratosis, rosacea, or
fixed drug eruption.
Validity of the Millennium Criteria
The MC showed a sensitivity of 100% and a specificity of 88.6%. With a high relative
value (RV) of 88.6%, the MC showed good discrimination. Of the 9 controls classified
as false positives by the MC, 3 had chronic urticaria, 2 hand dermatitis, 1 nummular
dermatitis and 1 allergic contact dermatitis.
Diagnostic features
Prevalence rates, sensitivity and specificity rates, and overall accuracy statistics to
detect AD (RV and dOR) for each diagnostic feature of the MC are summarized in
Table 3. Diagnostic ORs were corrected for age. High overall accuracy values were
observed for “Typical morphology and distribution type” (dOR = 250), xerosis (dOR
= 32.3) and pityriasis alba ((dOR= 29.4) nipple eczema (dOR= 12.7) and auricular
rhagades (dOR11.0). Chronic or relapsing course, ichtyosis and Dennie-Morgan fold
had moderately high dORs, between 3 and 5. Based on their prevalence (between
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Table 3. Statistical outcomes of the Millennium diagnostic criteria (N=201)
Prevalence
%

Sensitivity
%

Specificity
%

RV

67.9

100

85.1

86.1

Mandatory criterium
Presence of allergic specific IgE3
Principal criteria
Pruritus

97.0

100

7.6

7.6

Typical morphology and distribution

62.7

95.9

88.6

73.6

Chronic or relapsing course

94.0

98.4

12.7

11.1

Xerosis

79.1

95.1

45.6

40.7

Ichtyosis

36.3

32.0

74.7

6.7

Additional criteria
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Tendency non-specific hand/foot eczema

36.3

31.1

55.7

13.2

Nipple eczema

26.4

36.9

89.9

26.8

Cheilitis

31.3

36.9

77.2

14.1

Dennie-Morgan fold

14.9

19.7

92.4

12.1

Orbital darkening

14.4

16.4

88.6

5.0

Facial palor

22.9

18.0

69.6

-12.4

Pityriasis alba

52.7

77.9

86.1

64.0

Anterior neck folds

21.9

22.1

78.5

0.6

Itch when sweating

66.7

83.6

59.5

43.1

Intolerance to wool and lipid solvents

39.3

41.0

63.3

4.3

Perifollucular accentuation

9.0

6.6

87.3

-6.1

Cradle cap3

24.9

37.7

94.9

32.6

Palmar hyperlinearity

22.9

23.8

78.5

2.3

Keratosis pilaris

20.9

22.1

81.0

3.1

Perleche

26.4

33.6

84.8

18.4

Auricular rhagades

30.8

44.3

89.9

34.2

Hertoghe sign

1.5

0.8

97.5

-1.7

Photophobia

3.0

3.3

97.5

0.8

Anterior subscapular cataract

NA

NA

NA

NA

1

dOR, diagnostic Odds Ratio (“- “indicates that dOR could not be calculated because of division
by zero); dORs are corrected for age; 2 Clinical relevant features: OR≥3 and prevalence between
5% and 95%. 3 Excluded from analysis, could not be reliably assessed (see statistical analysis
section); NA=not applicable or not assessed, RV, Relative Value;
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dOR1

95% CI

Included
for analysis2

-

-

-

-

-

-

250.0

71.4-1000

+

4.9

0.82-29.4

+

32.3

100-10.5

+

3.4

1.4-8.3

+

0.9

0.4-1.8

-

12.7

4.3-37.0

+

2.3

1.0-5.0

-

3.3

0.9-12.1

+

1.3

0.5-3.8

-

0.8

0.4-1.7

-

29.4

11.0-76.9

+

0.7

0.3-1.7

-

11.1

4.8-25.6

+

1.9

0.9-3.8

-

0.3

0.1-0.8

-

9.2

2.5-34.4

-

1.1

0.5-2.4

-

0.8

0.4-1.9

-

2.1

1.0-4.8

-

11.0

3.6-34.5

+

0.4

0.03-7.5

-

1.6

0.2-12.1

-

NA

NA

NA

5% and 95%) and value of their dOR,
these variables were included as candidate
variables in the multivariate model. The
remaining variables either had a low overall
diagnostic accuracy, e.g. cheilitis (dOR =
2.3) and orbital darkening (dOR 1.3), or had
prevalence rates below 5% and over 95%,
e.g., Pruritus (prevalence = 97%), Hertoghe
sign and photophobia (prevalence < 5%).
For features “Presence of allergenspecific IgE” and pruritus no dOR could
be calculated. Although pruritus showed
a sensitivity of 100%, the low specificity
(7.6%) indicates that this feature does not
discriminate enough between AD and
other itching skin diseases.
Millennium Criteria independently
associated with AD
All relevant features dOR>3 (including the
minor features) of the Millennium Criteria
were included in de logistic regression
model. Since allergen-specific IgE was part
of the gold standard, and is considered to be
mandatory, this feature was excluded from
analysis. Besides, we excluded the subjective
feature of cradle cap because of probable
recall-bias. Results from the stepwise
logistic regression analysis are shown in
Table 4. Four independent predictors of AD
were identified: Typical morphology and
distribution type, Chronic and relapsing
course, xerosis and pityriasis alba. Hosmer
and Lemeshow goodness of fit Chi-square
was 1.98;df 4, P = 0.74. Nagelkerke R square
was 82.6% and area under the curve was
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Table 4. Logistic regression model
Beta

SE

OR

95% CI

constant

-7.80

1.52

0.03

0.01 - 0.08

Typical morphology and distribution

4.71

0.67

111.34

30.13 - 411.71

Chronic or relapsing course

3.70

1.11

40.24

4.55 - 355.85

Xerosis

1.71

0.86

5.54

1.02 - 30.07

Pityriasis alba

1.32

0.67

3.75

1.02 - 13.82

CI, confidence interval; SE, standard error
Figure 2. Diagnostic tree model: a procedure for diagnosing AD, following adjusted set of the
Millennium Criteria.
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All AD patients selected had positive allergen-specific IgE tested in blood. Since this ‘for us
mandatory criterion’ was part of the selection criteria it was excluded from analysis.

97.1% indicating excellent discrimination of the model. VIF and tolerance statistics
indicated absence of multicollinearity. Residual analysis (standardized residuals)
identified only 6 cases with absolute values larger than 3.
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Tree model of the Millennium Criteria
The diagnostic tree model resulting from the CHAID analysis is displayed in Figure 2.
It identifies 3 subgroups of patients, based on the 4 selected criteria from the logistic
regression model. From this model the following steps can be made when a patient is
suspected of having AD:
Test presence of mandatory criterion allergen-specific IgE by screening Phadiatop®
or screening skin tests.
When positive, verify whether the second mandatory criterion “typical morphology
and distribution” is present (typical morphology and distribution has been described
in the discussion section).
If so, check whether the disease has had a chronic or relapsing course, and check
occurrence of the additional criteria pityriasis alba (defined as a flaky hypopigmented
patchy dermatitis with fine scales) and xerosis.
When the typical morphology or distribution is lacking, AD is unlikely (right-hand
branch, 6.7%). Otherwise, AD is probable (92.9%). It is also often the case that the
patient fulfils the three additional criteria (in 90 out of 126 cases, 71.4%). When this is
indeed the case, then AD is highly probable (left-hand branch, 98.9%). Otherwise AD
is moderately probable (middle branch, 77.8%). The tree model shows a sensitivity of
95.9% and a specificity of 88.6%.

DISCUSSION

AD has a wide spectrum of dermatological manifestations and no definitive diagnostic
test. Until now, there is a serious discrepancy between the current definition of atopy
(the presence of allergen-specific IgE), and how that is applied in diagnosing patients
with AD.14 Allergen-specific IgE is an objective laboratory marker of the disease,
which is therefore important together with the clinical criteria in diagnosing AD.
The existing validated sets of diagnostic criteria do not include allergen specific IgE.
Although the U.K. criteria have been validated most extensively and show overall good
discrimination, nomenclature of AD has been changed and updated over the years.
Besides consensus in nomenclature there is an increasing need for reconsideration of
the diagnostic criteria of AD.10
This validation study showed that the original set of the MC performed well in a
hospital based setting. Many of the minor additional criteria of the MC showed to
be very infrequent (e.g. Hertoghe sign) and some difficult to record (e.g. subcapuslar
cataract).
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The Millennium Criteria were principally designed with the intention to include
new knowledge on IgE dysregulation in atopy into a new set of therefore adjusted
criteria. The minor criteria were originally intended as additional criteria only. Because
the original list is too cumbersome for clinical application, we validated this set in this
study. The majority of the minor criteria showed to be of limited value within the total
set of criteria for diagnosing AD. Four criteria, typical morphology and distribution,
chronic or relapsing course, xerosis and pityriasis alba, were identified by a tree model
to be best suited for diagnosing AD. This model shows that in patients with allergenspecific IgE and a clinical suspicion of AD, a diagnosis of AD can be made within two
steps: evaluation for (1) typical morphology and distribution and (2) the additional
criteria of chronic or relapsing course, xerosis and pityriasis alba.
Unlike other existing criteria lists, the MC includes testing for allergen-specific
IgE as a prerequisite for the diagnosis of AD. The Phadiatop® test and the skin test
have been proved to be simple and reliable to identify allergen-specific IgE.19, 20, 22
It is of value that an objective test which proves atopy such as the Phadiatop® test or
skin test, is part of a clear set of diagnostic criteria for AD. This has major practical
implications. Diagnosing patients with AD without that they are truly atopic, that is
having allergen-specific IgE, will lead to confusion as to the elimination of allergens.
Truly atopic patients (or their relatives), presenting with AD, have increased risk for
developing atopic asthma and / or rhinitis, for which elimination of inhalant allergens
is essential. AD patients should be informed as such, but patients with atopiform
dermatitis (ADF) probably not.
In general, a mandatory criterion needs to be very sensitive in order to identify
as many cases as possible, followed by criteria which determine the specificity in
order to exclude the false positives. The presence of allergen-specific IgE was the
only mandatory indicator which had to be met by all cases of AD. This became, in
addition to the clinical diagnosis, part of the gold standard used for this study and was
therefore excluded from our analysis.
It is reasonable that morphology and distribution are essential for the diagnosis
of AD. Typical morphology and distribution is found to be a second mandatory
criterion in the tree model of the Millennium Criteria (Figure 2). Typical morphology
and distribution type vary with age. Therefore, the subdivision of infantile, juvenile
and adult types should be taken into account (Bos. et al. Atopic and atopiform
dermatitis: mysteries and controversies. submitted).23, 24 In ‘infantile’ type of AD, the
typical distribution pattern is that of a balaclava 25, with eczematous lesions all over
the head and neck, but sparing of the periorbital and perioral regions. The lesions
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are characterized by erythematous papules, patches and vesicles, and may have a
weeping and exudative appearance. In ´juvenile´ AD, the distribution of the lesions
changes from the extensor surfaces to the flexor surfaces, particularly the antecubital
and popliteal fossae. The neck, periorbital, perioral, hands, feet, wrists, and ankles
may also be affected. As a result of chronic rubbing and scratching, the skin lesions
become less weeping and exsudative and more lichenified and excoriated. In ´adult´
AD there is, in addition to the flexural distribution, pronounced involvement of
wrists and ankles, but facial and neck eczema are also very common again. Large
lichenified plaques and scaling, erythematous papules and plaques, and prurigo
papules are featured in the adult phase.24, 26, 27 It must be emphasized that if a patient
does not have typical age related distribution and morphology of skin lesions another
dermatological entity should be excluded. For example, dyshidrotic eczema and
nummular eczema, which are common in atopic patients, should not be called AD.
In addition, there is a predisposition to develop irritant contact eczema of the hands
in AD patients, but this, again, should not be called AD.17
AD is a fluctuating disease which has consequences on the actual presence of
certain features at a given moment in time. Therefore, it is of importance to apply the
criterion of chronic or relapsing course of AD with caution. Within the tree model,
chronic or relapsing course showed to be an additional criterion (Figure 2). Within
this hospital-based population we used the one-year period prevalence of AD. A oneyear period prevalence overcomes the seasonal variation of AD, and this relatively
short period is unlikely to be associated with serious recall bias. 9, 28
Most patients with AD have a dry skin: xerosis. The diagnostic feature xerosis
has emerged as one of the most powerful discriminators for AD9 and was found to
be an additional criterion in the tree model of the Millennium Criteria (Figure 2).
Xerotic changes in atopic skin are considered to be related to damaged skin barrier.
Whether abnormal skin barrier function is the main cause of atopic dermatitis (AD)
or a secondary change of the disease is still controversial. The recent recognition of
filaggrin null mutations in at least 50% of AD patients has given support for AD being
a skin barrier disease on top of being a primary immune system abnormality.29
Pityriasis alba was strongly associated with AD. It has even been stated that
pityriasis alba is a manifestation of a tendency for hypopigmentation, found
exclusively in atopic patients. An unequivocal relationship between some signs of
AD and pityriasis alba has been described.30 Although atopic symptoms are often
absent at the moment when pityriasis alba appears, they will often appear later in life.
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Therefore, pityriasis alba could be considered one of the diagnostic features of AD,
and has been demonstrated to be an additional criterion by the MC tree model.
Within AD research, a uniform guideline for diagnostic accuracy studies was not
yet applied. Hywel C. Williams has tried to illustrate the attributes of good validation
studies for diagnostic criteria in an editorial: he posed the need for international
consistency in the criterion standard for diagnosing AD for future validation studies.31
The accuracy and completeness of our present study has been verified by applying the
checklist for ‘validation studies of a diagnostic test’ of the Dutch Cochrane Centre and
the Standards for Reporting of Diagnostic Accuracy (STARD) checklist. The STARD
checklist has been proposed in order to improve the quality of diagnostic accuracy
studies.32
With the use of these checklists some methodological issues need to be discussed.
First, the clinical diagnosis of AD made by an experienced dermatologist is considered
‘gold’ or reference standard. This may be a point of discussion since uniformity is not
guaranteed in such a diagnostic process of AD. Because the clinical diagnosis of AD
in clinical practice often relies on one person, the validation might have been affected.
Secondly, the time interval between the reference standard and the index test should
be short enough to guarantee that the course of AD did not fluctuate. Finally, the
diagnostic criteria as included in the MC are the same as those on which the clinical
diagnosis was based made by the dermatologist. With this, a contamination bias is
inevitable, which may have lead to overestimation of sensitivity and specificity for
some criteria.
The MC were in accord with the most recent consensus, stating that the word ‘atopic’
can not be used until allergen-specific IgE has been documented.17 Although the MC
performed well in a hospital based setting, it may not be assumed that these criteria
perform equally well in a population based setting. Therefore, it is of importance that
they are tested in different settings to explore heterogeneity. Including an invasive test
(detection of allergen-specific IgE) within a set of criteria may affect the practicality
in large population based studies, especially involving children. However, the strong
discriminating factor of allergen-specific IgE demands for consequent use in routine
clinical practice as well in hospital based studies.
In this study the Millennium Criteria were simplified by the use of stepwise logistic
regression and tree analysis. The tree model revealed that besides allergen specific IgE,
typical morphology and distributions and three additional criteria (chronic relapsing
course, xerosis and pityriasis alba) are essential to diagnose patients suspected of AD.
By showing this simplified set of criteria and diagnostic model, progress has been
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made within the complex diagnostic process of AD. The usefulness of the MC should
be examined in a non-hospital based clinic for a better overall availability. Therefore
future studies are necessary to improve the accuracy and to test the validity of this
diagnostic tree model.
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ABSTRACT

Background: Atopic dermatitis (AD) has been divided into the “extrinsic” and
“intrinsic” type, in which “intrinsic AD” is characterized by the absence of allergenspecific IgE. Still, there is no consensus whether this “intrinsic type” of AD, which we
denominate as atopiform dermatitis (AFD), is a distinct entity.
Objective: A case-control study was performed to compare the clinical and diagnostic
features of AD and AFD.
Methods: Patients with a clinical diagnosis of AD were selected. Cases did not
have demonstrable allergen specific IgE. Matched controls were tested positive for
allergen-specific IgE. Patients were evaluated for medical history, quality of life,
disease severity and Hanifin and Rajka, U.K. and Millennium diagnostic criteria.
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Results: Eight percent (n=34) of the selected patients had in fact AFD. Female
predominance, absence of atopic diseases, later onset of disease and milder disease
severity were observed in AFD. A history of atopy, recurrent conjunctivitis, palmar
hyperlinearity, keratosis pilaris, pityriasis alba and hand/foot eczema were significantly
less present in AFD. Dennie-Morgan fold was positively associated with AFD.
Limitations: Not all patients with negative allergen-specific IgE participated and a
relatively small number of AFD patients were studied.
Conclusions: In addition to the absence of allergen-specific IgE, our findings support
that AFD is an entity distinct from AD. With a distinction between AFD and AD
patients groups will be better defined and more homogenous. Implications of this
distinction will be of importance for preventive, therapeutic and diagnostic advices,
and for future research.
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INTRODUCTION

Atopic dermatitis (AD) is a pruritic, chronic relapsing, inflammatory skin condition
with variable clinical features.1;2 With a prevalence of 10-20% in children and 1-3% in
adults, it is one of the most common skin diseases.1;3
Until now, there is no ‘gold standard’ for the diagnosis AD. Generally, the diagnosis
of AD is based on clinical features combined with the disease history.4;5 The lack of
definitive diagnostic criteria, the wide range of disease intensity and its intermittent
course can lead to a questionable diagnosis of AD.4
During the past decades several sets of diagnostic criteria have been proposed to
bring uniformity to the diagnosis of AD. In 1980 the criteria of Hanifin and Rajka were
introduced for the diagnosis AD. These are based on the presence of three of four
major and at least 3 of 28 minor signs.6 The U.K. Working Party’s diagnostic criteria
were established in 1994. They developed a minimum set of diagnostic criteria based
on medical history and clinical features.5 In 1998 we introduced the Millennium
criteria for AD in which allergen-specific IgE is mandatory for the diagnosis, in
addition to some of the items of the two aforementioned criteria lists.7
In 2003, the Nomenclature Review Committee of the World Allergy Organisation
proposed a revised nomenclature for allergy in which the term atopy is a clinical
definition of an IgE-antibody high responder. In addition, in this nomenclature AD
has been mentioned as a genetically determined, IgE sensitized skin disease and thus
cannot be used until IgE sensitization has been demonstrated by IgE antibodies in
serum or by a positive skin prick test.8
Most patients with the diagnosis of AD have high concentrations of total IgE and
positive allergen-specific IgE levels and positive skin prick test with aero- and/or food
allergens.9;10 However, there are patients with similar clinical features of AD, but
without detectable sensitization to aero- or food allergens.11
Within the group of patients with the clinical diagnosis of AD, subgroups have
been proposed.12 Similar to the extrinsic and intrinsic types of asthma, the term
“intrinsic type of AD” and “extrinsic type of AD” have been suggested.13-15 For the
“intrinsic type of AD” other resembling terms such as “non-allergic AD”, “non-atopic
eczema” or “non-allergic atopic eczema/dermatitis syndrome”, were introduced to
describe AD patients lacking allergen-specific IgE.8;10 Since these patients have no
demonstrable atopy, we coined the term “atopiform dermatitis” (AFD) to avoid the
connection with true atopy.16 The prevalence of AFD (intrinsic AD) varies from 10 to
45%.17-24 Besides a female predominance, a later age of onset and absence of history
of respiratory diseases have been reported for AFD.13
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Still, there is lack of knowledge and understanding about the different and specific
characteristics of AFD.16;25-27 Moreover, the debate is going on whether allergenspecific IgE is an essential diagnostic criterion in AD. By systematic evaluation of
evidence for the value of allergen-specific IgE measurements in diagnosing AD,
Flohr et al found a clear association between atopy and IgE sensitization. Thereby he
raised the need for further studies to investigate the role of IgE sensitization in IgEassociated-AD and non-IgE-associated AD.26
We consider AFD as a distinct entity with several specific characteristics.
Recognition of this skin disease is necessary in order to make the correct diagnosis
and inform and treat patients properly. It is not just a question of semantics
and nomenclature to make the distinction as it has direct clinical and practical
consequences.
The aim of this study is to compare the clinical and diagnostic features of AFD and
AD. We evaluated AFD and AD patients for medical history, quality of life, severity of
disease and the clinical features of the Hanifin and Rajka, U.K. Working Party’s and
Millennium criteria.
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PATIENTS AND METHODS

Patients and procedures
This study was performed at the Department of Dermatology of the Academic
Medical Center (AMC) in Amsterdam, the Netherlands. All adults and children over
2 years of age, who were clinically diagnosed at the outpatient clinic with AD and were
tested for allergen specific IgE between 2000 and 2005, were selected. Patients with
former negative allergen-specific IgE levels in blood, determined at the laboratory of
the AMC, were invited to participate in the study. In these patients a skin prick test
(SPT) was performed (Allergopharma, The Netherlands).28;29 The following aeroand food allergens were tested: birch pollen, grass pollen, moulds, Dermatophagoides
pteronyssimus, dog dander, cat dander, cow-milk, wheat flour, egg white and peanut.
In case of a negative SPT, patients were tested for aero- and food allergens by the
Phadiatop® blood test (Pharmacia Diagnostics AB, Uppsala, Sweden).30;31In case of
both negative outcomes of the SPT and Phadiatop test, patients were assigned to the
case group. For each case four controls were selected, matched for age and gender.
The control group consisted of patients with a clinical diagnosis of AD and who
were at least once been tested positive for allergen-specific IgE levels. Patients with
previous negative allergen-specific IgE levels, who turned out to be positive for one
or both tests, were assigned to the control group. The protocol was approved by the
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local ethical committee and informed consent was obtained from all patients or from
parents from minors participating in this study. Patients were excluded in case of
other interfering skin diseases, inability to comply with the study requirements, and
treatment with oral anti-histamines within 48-hour before performing the SPT.
Measures
An investigator, blinded for the allergen-specific IgE outcomes of cases and controls,
performed a clinical examination including medical history, physical examination
and diagnostic criteria lists.
Medical history included patient characteristics, personal atopic history, family
atopic history, disease course and past and current therapies. For quality of life (QoL)
assessment the Skindex-29, a dermatology specific questionnaire, developed to
comprehensively measure the complex effects of a skin disease on a patient’s QoL,
was used.32A composite score of more than 40 points indicates a relatively serious
negative impact of the skin disease on the QoL. Physical examination included
the assessment of disease severity and evaluation of diagnostic features. Severity
was quantified using the SCORing Atopic Dermatitis index (SCORAD)33, Eczema
Area and Severity Index (EASI)34;35and the Investigator Global Assessment (IGA).
Diagnostic features were evaluated by using the Hanifin and Rajka, U.K Working
Party’s and Millennium criteria.5-7Of the minor features of Hanifin and Rajka impaired
cell-mediated immunity was not assessed and keratoconus and anterior subscapular
cataracts were excluded as these required an opthalmological examination. To comply
with the Hanifin and Rajka criteria 3 or more major criteria and 3 or more minor
criteria were needed. Patients needed to have pruritus plus three or more of the 5
remaining criteria to meet the U.K. Working Party’s criteria. The Millennium criteria
were fulfilled in case of presence of allergen-specific IgE plus two or more principal
criteria. The minor criteria of the Millennium criteria were only additional. For all
patients, an experienced dermatologist blinded for allergen-specific IgE outcomes
determined the clinical diagnosis at the end of examination.
Statistical analysis
Absolute and relative frequencies were used to summarize categorical data. Normally
distributed numerical data were summarized by their mean and standard deviation.
In case of non-Normality, median and InterQuartile Ranges (IQR) were presented.
We used χ2 and Fisher's exact tests to compare proportions, the Mann-Whitney test
to compare means for values not normally distributed.
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To identify diagnostic features that were associated with AFD, odds ratios (OR) and
95% confidence intervals (CI) were calculated. Due to selection of patients based on
allergen specific IgE, the following features were excluded for analysis: type 1 reaction
skin test, elevated IgE and allergen-specific IgE. The OR is the ratio of the odds of
being an AFD case in patients with a given diagnostic factor to the odds of being an
AFD case in patients without the diagnostic factor. Thus, an OR of 1 indicates no
association between the diagnostic factor and AFD and ORs much greater or less
than 1 indicate a stronger association with AFD. To avoid the occurrence of chance
associations, we obtained ORs and 95 % CI using the bootstrap method.36With the
bootstrap method, random samples with replacement are drawn from the observed
data to produce a new sample of the same size as the original, assuming that the
original sample is reasonably representative of the population from which it comes.
We took 1000 bootstrap samples to generate an empirical sampling distribution for
the OR to determine point estimates and upper and lower confidence limits for this
statistic. Features with an OR > 2 or < 0.50 with 95% CI not containing the neutral
value, OR=1, were considered as clinically relevant. The SPSS 12.0 for Windows
software was used for all computations.
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RESULTS

Patients
Four hundred and nine patients satisfied the inclusion criteria and were assessed
for eligibility (Figure 1). Eighty-nine (out of these 409) patients with negative
allergen-specific IgE in the past were invited to participate and visit the outpatient
Department. Out of these 89 patients, 56 patients (63%) were willing to participate.
After retesting, a total of 38 patients remained to have both negative outcomes of the
SPT and the Phadiatop® blood test. None of the patients were excluded because of the
use of antihistamines before performing the SPT. The other eighteen patients turned
out to have allergen-specific IgE by SPT and/or Phadiatop® test and were assigned in
the control group. Of these patients 12 were originally tested negative for allergenspecific IgE when younger than 5 years of age, and 4 were between the age of 6 and 10
when first tested. Two patients were at first tested negative for allergen-specific IgE
when older than 30 years of age. The mean age of these patients was 15 years at time
of investigation.
A total of 122 controls were matched for age and gender to the 38 cases. Of the
38 cases two patients were lost to follow up because of lack of motivation. After
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Figure 1. Overview of selection of cases and controls
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Ph, Phadiatop® blood test, SPT, skin prick test

clinical examination, two cases were excluded because of other interfering diagnosis:
ichthyosis lamellaris and pityriasis lichenoides chronica.
A total of 34 patients with the diagnosis of AFD and 122 controls with a diagnosis
of (true) AD completed the study protocol and could be used for analysis. Thirtythree cases fulfilled the Hanifin and Rajka and U.K. Working party’s criteria. All
controls fulfilled the Hanifin and Rajka and the Millennium criteria and 120 fulfilled
the U.K. Working party’s criteria. Characteristics of AFD cases and matched AD
controls are listed in Table 1. A female predominance in AFD patients was observed
(70.6% women and 29.4% men).
Medical History
The results of the medical history of AFD and AD patients are represented in Table
2. No marked differences were found for duration and course of disease. A later
onset of disease in AFD patients was observed, although this was not statistically
significant. Remarkable differences in personal atopic history between the AFD and
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Table 1. Characteristics of patients and matched controls
AFD
n=34

AD
n=122

Gender, N (%)
Male

10 (29.4)

34 (27.9)

Female

24 (70.6)

88 (72.1)

30 (88.2)

88 (72.1)

Ethnicity, N (%)
Caucasian
Black

0-

Asian

1 (2.9)

6 (4.9)

Hispanic

0-

6 (4.9)

Other

3 (8.8)

6 (4.9)

Age, M (IQR)

21 (13.0/37.0)

16 (13.1)

23 (13.7/37.2)

AFD, atopiform dermatitis; AD, atopic dermatitis; M, median; IQR, interquartile range
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AD patients were found. Firstly, asthma and conjunctivitis were less present in AFD
patients (p<0.01). Secondly, patients with AFD had less frequent hay fever and allergic
rhinitis (p<0.001). The family atopic history of cases and controls was comparable.
Differences in allergen exposure could not be detected, although AFD patients more
frequently reported to keep pets than did AD patients (p<0.05). With respect to
current therapies, patients with AFD used tacrolimus, emollients and antihistamines
significantly less frequently compared to AD patients. There were no differences
found in respect to effect of former and current treatment between AFD and AD.
Severity of disease and Quality of Life
Patients with AFD had a lower SCORAD severity score compared to AD patients
(p<0.05) (Table 3). Higher percentages of AFD subjects were present in the lower
IGA severity classes although this was not statistically significant (Fischer’s exact
test, p=0.063). No significant difference was found for EASI between AFD and AD
patients.
With respect to the Skindex-29, the AD patients reported a higher (worse) current
QoL than did the AFD patients (39.7 versus 36.2 points). Considering the cut-of score
of 40 points for a serious negative impact of the skin disease on the QoL, 12% of the
AD patients compared to 21% of AFD patients had composite score of more than 40
points. However, these differences were not statistically significant.
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Table 2. Medical history
AFD (n=34)

AD (n=122)

Age (y) of onset, M (IQR)

3.0

(0.0/5.3)

0.0

(0.0/4.0)

Duration (y) of disease, M (IQR)

15.0

(5.0/25.5)

20.5

(10.5/27.8)

17

(50.0)

78

(63.9)

Course of disease, N (%)
Age 0-2
Age 3-6

22

(64.7)

89

(73.0)

Age 7-14

19

(55.9)

83

(68.0)

Age 15-20

19

(55.9)

70

(57.4)

Age > 21

18

(52.9)

72

(59.0)

11

(32.3)***

97

(79.5)

Patient atopic history, N (%)
Overall
Asthma

6

(17.0)**

56

(45.9)

Hay fever

4

(11.8) ***

66

(54.1)

Allergic rhinitus

6

(17.6)***

75

(61.5)

Conjunctivitis

1

(2.9)**

27

(22.5)

Seasonal influence

22

(64.7)

89

(73.0)

Overall

22

(64.7)

83

(68.0)

Parents with atopy

17

(50.0)

71

(58.2)

79

Family atopic history, N (%)

Sibling with AD
Pets

10

(29.4)

4

(36.1)

18*

(52.9)

37

(30.3)

17

(50.0)

65

(53.3)

Current treatment
Class 1-2 steroids
Class 3-4 steroids

14

(41.2)

47

(38.5)

Pimecrolimus

3

(8.8)

5

(14.7)

Tacrolimus

1

(2.9)*

26

(21.3)

Tar

1

(2.9)

7

(5.7)

Emollient

23

(67.6)**

103

(86.9)

UVB therapy

0

(0.0)

3

(2.5)

Oral antihistamines

7

(20.6)**

60

(49.2)

AFD, atopiform dermatitis; AD, atopic dermatitis; M, median; IQR, interquartile range; UVB,
ultraviolet B; *p<0.05, **p<0.01, ***p<0.001
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Table 3. Severity of disease and quality of life

Scorad, M (IQR)
Easi, M (IQR)

AFD
n=34

AD
n=122

17.0* (10.0/23.5)

22.7 (13.0/33.6)

1.1 (0.2/3.2)

1.8 (0.6/5.1)

IGA, N (%)
Clear
Almost clear

9 (26.5)

18 (14.8)

14 (41.2)

29 (23.8)

Mild

5 (14.7)

35 (28.7)

Moderate

5 (14.7)

31 (25.4)

Severe
Skindex-29, M (IQR)
score ≥ 40, N (%)

1 (2.9)
36.2 (19.8/52.2)
7 (20.6)

9 (7.4)
39.7 (29.3/50.4)
15 (12.2)

AFD, atopiform dermatitis; AD, atopic dermatitis; M, median; IQR, interquartile range; *p<0.05
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Diagnostic features
Table 4 shows the diagnostic features of the Hanifin and Rajka, U.K. Working Party’s
and Millennium Criteria and their association with AFD. The Dennie-Morgan fold
was significantly more present in AFD patients compared with AD patients (38.2%
versus 19.7%, OR=2.76, 95%CI; 1.14-5.53). Several diagnostic features were negatively
associated with AFD. First, patients with AFD had a less frequent personal or family
history of atopy (61.8% vs 99.2%, OR=0.024, 95%CI; 0.008-0.67). Second, recurrent
conjunctivitis occurred less frequent in AFD patients compared with AD patients
(OR=0.17, 95%CI; 0.06-0.44). Furthermore, palmar hyperlinearity (OR=0.16, 95%CI;
0.06-0.40), keratosis pilaris (OR=0.27, 95%CI; 0.07-0.69), pityriasis alba (OR=0.30,
95%CI; 0.12-0.65), and non-specific hand or foot eczema (OR=0.31, 95%CI; 0.69-0.75)
were less frequently observed in AFD patients compared with AD patients. Finally,
influence of emotional or environmental factors was less reported by AFD patients
than by AD patients (OR=0.32, 95%CI; 0.14-0.65). Several other diagnostic features
were not evaluated because they were nearly always present (eg, pruritus) or absent
(eg, Hertoghe sign) in both groups.
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Table 4. Diagnostic features in relation to their association with AFD. Criteria are presented
according to the strength of their association with AFD.
AFD
n=34
N

AD
n=122
%

N

%

OR

95% CI

Diagnostic features positively associated with AFD (OR > 1)
Dennie-Morgan fold1,3

13

38.2

24

19.7

2.76

1.14-5.53

Ichtyosis1,3

16

47.1

39

32.0

2.03

0.86-4.23

Itchy when

sweating1,3

30

88.2

102

83.6

1.91

0.53-5.86

Orbital darkening1,3

8

23.5

20

16.4

1.72

0.52-3.89

Cheilitis1,3

16

47.1

45

36.9

1.65

0.69-3.26

Anterior neck folds1,3

10

29.4

27

22.1

1.56

0.54-3.27

History flexural

involvement2

31

91.2

112

91.8

1.17

0.26-3.94

Nipple eczema1,3

13

38.2

45

36.9

1.14

0.44-2.27

Perleche3

11

32.4

41

33.6

1.03

0.35-2.27

Rash under age of 22

13

38.2

48

39.3

1.06

0.41-2.23

Xerosis1,2,3

33

97.1

116

95.1

1.34

0.29-3.40

Diagnostic features negatively associated with AFD (OR < 1)
Personal or family history atopy1,2
Palmar

hyperlinearity3

Recurrent conjunctivitis1
Keratosis

pilaris3

21

61.8

121

99.2

0.02

0.008-0.67

1

2.9

29

23.8

0.16

0.06-0.40

1

2.9

28

23.0

0.17

0.06-0.44

2

5.9

27

22.1

0.27

0.07-0.69

Pityriasis alba1,3

17

50.0

95

77.9

0.30

0.12-0.65

Tendency non-specific hand/foot
eczema1,3

4

11.8

38

31.1

0.31

0.69-0.75

Influenced by emotional factors1

16

47.1

91

74.6

0.32

0.14-0.65

Typical morphology1,3

30

88.2

117

95.9

0.42

0.06-1.47

Facial

palor1,3

3

8.8

22

18.0

0.49

0.11-1.24

Intolerance to wool and lipid
solvents1,3

9

26.5

50

41.0

0.54

0.19-1.12

Auricular rhagades3

10

29.4

54

44.3

0.55

0.17-1.18

cap3

10

29.4

46

37.7

0.74

0.25-1.48

9

26.5

39

32.0

0.82

0.26-1.68

19

55.9

74

60.7

0.88

0.38-1.81

Cradle

Visible flexural dermatitis2
Early age of

onset1
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Table 4: (Continued)
AFD (n=34)

AD (n=122)

N

%

N

Pruritus 1,2,3

33

97.1

Chronic or relapsing course1,3

34

100

%

OR

95% CI

122

100

-

-

120

98.4

-

-

Diagnostic features not evaluated

Perifollucular

accentuation1,3

0

0.0

8

6.6

-

-

White demographism1

0

0.0

10

8.2

-

-

intolerance1

Food

0

0.0

0

0.0

-

-

Hertoghe sign3

1

0.8

1

2.9

-

-

Photophobia3

0

0.0

4

3.3

-

-

Cutaneous infection / impaired
cell immunity1

1

2.9

11

9.0

-

-

Keratoconus1

0

0.0

0

0.0

-

-

Diagnostic features not applicable

Anterior subscapular

82

cataract1,3

0

0.0

0

0.0

-

-

Elevated IgE (>100 kU/l)1

2

5.9

86

70,5

-

-

test1

0

0.0

59

48.4

-

-

0

0.0

122

100

-

-

Type I reaction skin

Presence of allergic specific IgE3

AFD, atopiform dermatitis; AD, atopic dermatitis; 1, Hanifin and Rajka Criteria, 2, U.K. Diagnostic
Criteria; 3, Millennium Criteria.

DISCUSSION

AFD has a phenotype similar to that of as AD but lacks the presence of allergenspecific IgE. However the association between AD and allergen-specific IgE remains
debated26, we found evidence supporting the hypothesis that AFD as an entity distinct
from AD with several specific characteristics.
Eight percent of the patients with a previous clinical diagnosis of AD had in fact
a confirmed diagnosis of AFD (34 out of 409). This proportion is low as the relative
prevalence of AFD (intrinsic AD) has been found, according to the literature, to range
from 16% to 45%. Compared to other series published, the relatively low proportion
of AFD patients in our study might be related to the wide age distribution of the
study population, high number of patients, and the performance of both SPT and
Phadiatop test.19-24;37
In 2001, Schmid-Grendelmeier et al reviewed the clinical characteristics of AFD
(intrinsic AD). In their review AFD was characterized by the absence of other atopic
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diseases, female predominance and later onset of disease.13 In addition, AFD was
described to have a similar family history and disease duration as AD. Our results
confirm the female predominance and the absence of other atopic diseases in AFD.
Despite the fact that atopy was not proved by repeated testing and these diseases were
not confirmed by a specialist, eleven AFD patients reported other atopic diseases.
Although our findings were not statistically significant, we also found a later onset of
disease in AFD patients. Thereby, we observed a similar family history and disease
duration between AFD and AD. In addition, we observed a milder disease severity in
AFD patients. Despite the relatively limited sample sizes, these findings indicate that
AFD has specific characteristics.
In our study the clinical differences in diagnostic features of criteria lists between
AFD and AD have been investigated. The presence of a Dennie-Morgan fold was
the only feature with a significant positive association with AFD. This association
remains inexplicable and might be coincedence. In addition, no association between
the Dennie-Morgan fold and lower eyelid dermatitis could be observed.38 The clinical
features of palmar hyperlinearity and keratosis pilaris were more frequently present in
AD than in AFD. In genetic studies, palmar hyperlinearity and keratosis pilaris have
been described to be associated with filaggrin mutations in AD, which are shared
features of both AD and ichthyosis vulgaris. Furthermore, these filaggrin mutations
were predisposed to extrinsic AD characterized with allergen specific IgE and raised
total IgE but not to intrinsic AD (AFD).39 In addition, we observed a relevant negative
association of pityriasis alba and non-specific hand/foot eczema with AFD. Likewise,
influence of emotional or environmental factors was more frequently reported by AD
than by AFD patients.
By the use of diagnostic criteria for AD, a differential diagnosis, including AFD,
has to be considered. Probably, a systematic approach with diagnostic criteria for
AD will lead to more alertness in diagnostic processes. There still are patients with a
phenotype of AD, who fulfil the Hanifin and Rajka and the U.K. diagnostic criteria,
and who have no detectable allergen-specific IgE. By taking the presence of allergenspecific IgE as a mandatory criterion, the Millennium criteria can make the distinction
between AD and AFD.16
In addition to regarding AFD as a distinct entity, with direct clinical and practical
consequences for patient care and information, several hypotheses to explain the
absence of allergen-specific IgE in AFD have to be considered. First, AFD, especially
in young children, may evolve into AD during course of the time.8 Twenty five percent
of our AFD subjects were younger than 13 years. This underlines the necessity of
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repeated allergological investigations over the years to avoid misclassification. Second,
the methods to detect allergen-specific IgE may not be sensitive enough.29 Third,
patients may not be sensitized for inhalant or food allergens, but for micro-organisms
such as Staphylococcus aureus or Mallassezia sympodialis which are not detected
by routine allergen panel tests.40;41In addition, absence of allergen-specific IgE can
be explained by as yet unidentified allergens. For example, sensitization may exist for
airborne fungal antigens derived from the Coprinus comatus.42 Other explanations
can be that a subset of type 2 T cells incapable of producing IL-4 may be active and
thus not stimulating IgE production43, or that IgE antibodies are only present on
dendritic cells44;45, or that the allergen-directed inflammatory response has slowly
evolved into auto-antigen directed chronic immune reactions46;47.
In conclusion, if one accepts allergen-specific IgE to be essential for the diagnosis
of AD, AFD should be regarded as an entity distinct from AD with several specific
characteristics. Recognition of AFD is needed in order to diagnose, inform and treat
patients appropriately. Besides, well-defined and homogenous patients groups are
needed to perform future genetic, pathogenic and therapeutic studies and to compare
study results. Thus, patients having the phenotype of atopic dermatitis but without
allergen-specific IgE should be given a diagnosis of atopiform dermatitis. For these
individuals, elimination of allergens and advice as to lifestyle cannot be given.
We thank Janneke Ten Klooster, Hansje-Eva Teulings and Michiel Appelman for
their significant contributions to this study.
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ABSTRACT

Background: Recent findings establish the 308 xenon chloride (XeCl) excimer laser
(EL) to be a new option in the area of UVB phototherapy. Since the EL enables high
radiant exposure of narrow-band (NB) UVB and precise targeting of affected skin, it
appears to be a promising treatment for the prurigo form of atopic dermatitis (AD).
Objectives: To investigate the efficacy and safety of the excimer laser therapy
compared to a high potent topical corticosteroid in patients with the prurigo form
of AD.
Study design: Prospective randomised within-patient controlled study.

90

Patients and methods: Thirteen patients with a prurigo form of AD were randomized
to receive EL on one side and topical clobetasol propionate (CP) 0.05% ointment
on the other side. EL treatment was performed twice a week, during a treatment
period of 10 weeks. Clinical responses were evaluated using Physician Assessment
of Individual Signs, Physician Global Assessment, Patient Global Assessment and
photographic documentation. In addition, histopathological changes were evaluated
and duration of remission was monitored by a follow-up period of 6 months.
Results: Both treatments resulted in a significant improvement of all outcome
measures at after 5 and 10 weeks of treatment. However, during follow-up of six
months the EL treated side showed more improvement compared to CP treated
site. Histopathology demonstrated marked decrease of epidermal thickness and
inflammatory infiltrate in the EL treated sites. No significant side-effects occurred.
Conclusion: This study suggest that the EL can safely and effectively be used in the
treatment of the prurigo form of AD. For the long-term, the EL might be a good
alternative to topical corticosteroids and an option in case of therapy resistant
patients.
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INTRODUCTION

The term prurigo, originating from pruire (itching), was coined by Ferdinand
von Hebra in 1850, characterizing typical itching papules and nodules induced by
scratching.1 Since then various eponyms have arisen. Ernest Henri Besnier (1860)
described a chronic lichenoid flexural form of atopic dermatitis (AD) still known
as prurigo of Besnier.2 In 1909, Hyde described an intractable chronic eruption
characterized by numerous persistent pruritic nodules mainly on the extremities. 1;3
Until now, Hyde’s prurigo or prurigo nodularis (PN) is the genuine chronic form of
prurigo.4 Although emotional factors and repeated scratching have been implicated
as contributory factors, the cause and pathogenesis of prurigo are not completely
understood5. PN is generally regarded as a variety of eczema, in many cases there is a
history of AD. Miyatchi et al. (1980) and Rowland Payne et al. (1985) suggested PN can
be associated with an atopic background; 60%-80% of the patients with PN are atopic
and up to 46% have atopic dermatitis (AD).3;5 In 1995, Tanaka et al. demonstrated two
types of PN: an atopic and a non-atopic type. This atopic type of PN is accompanied
by cutaneous hypersensitivity to environmental allergens.6 The atopic type of PN
can easily be confused with the diagnosis of prurigo of Besnier; however in prurigo
of Besnier the typical nodules are missing. This study will be focussed on patients
with the prurigo form of AD, defined as patients who have clinical manifestation of
chronic pruritic nodules and the diagnosis of AD based on the Millennium Criteria
which includes presence of allergen specific IgE.7;8 Most cases of the prurigo form of
AD are therapy resistant and patients will be subjected to various types of treatment.
Topical treatments include corticosteroids, coal tar, and bath phototherapy. Systemic
treatments include cyclosporine, chloroquine, naltrexone, dapsone, thalidomide and
photochemotherapy (PUVA). 1
Nowadays, UVB phototherapy is widely recognized as an effective treatment
modality for patients with chronic AD.9;10 Narrow-band ultraviolet B (NB-UVB)
phototherapy is effective against moderate to severe AD, and is well tolerated by most
patients.11 The main disadvantage of photo(chemo)therapy is that the whole body
surface is exposed to UV radiation, and not merely the affected areas.
Recently, the 308nm xenon chloride (XeCl) excimer laser (EL) has been introduced
as a new option in the area of UVB phototherapy.12;13 In contrast to conventional
UVB therapy, the EL is capable of delivering a high radiant exposure of NB-UVB and
enables the precise targeting of affected skin. For localized psoriasis vulgaris various
studies demonstrated that the EL is more effective than NB-UVB.12;14;15 Despite the
fact that the EL has been approved by the United States Food and Drug Administration
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for the use in AD, there are limited data available of its efficacy in AD. Recently, the EL
was reported to be an effective and well-tolerated treatment in fifteen patients with
AD.16 As far as we know, only one case report exists, showing the efficacy of the EL
in the prurigo form of AD.13
We designed a randomized, within-patient controlled, observer blinded trial
comparing the efficacy and safety of EL therapy with topical clobetasol propionate
0.05% ointment (CP) in patients with the prurigo form of AD. Efficacy was evaluated
by the use of, for this study designed, Physician Assessment of Individual Signs (PAIS),
photographic documentation, Physician Global Assessment (PGA) and Patient Global
Assessment (PaGA). The duration of remission was evaluated in a follow-up period
of 6 months. In addition, to confirm the efficacy of the EL, histological changes were
evaluated using skin biopsies of selected nodules before and after treatment.

METHODS
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Design
A within-patient, left-right randomized controlled trial was performed comparing EL
and topical CP in patients with the prurigo form of AD on upper or lower extremities.
The medical ethical committee of the Academic Medical Centre, University of
Amsterdam, the Netherlands, approved the study protocol and written informed
consent was obtained from all patients. This study was performed at the Netherlands
Institute for Pigment Disorders, Department of Dermatology of the Academic
Medical Center (AMC) in Amsterdam, the Netherlands.
Patients
Patients, who had visited the in- and outpatient clinic of the Department of
Dermatology of the AMC from 2002 till 2007, were screened for eligibility by a
computerized search for the diagnosis of PN or prurigo of Besnier. Of these patients,
all male and female patients aged 18 years and older, with positive allergen-specific
IgE and a clinical diagnosis of AD were selected by a manual search and invited to
participate in the study. Besides a diagnosis of AD based on the Millennium Criteria,
patients were included if they had more than 4 symmetric prurigo nodules on the
lower or upper extremities which had persisted for at least 6 months. Exclusion criteria
were: systemic therapy that might affect AD within 4 weeks before start of the study;
sedating antihistamines within 24hrs before the study; and/or topical corticosteroids,
phototherapy or PUVA within one week before the study. In addition, patients
were excluded if they were hypersensitive to corticosteroids or sunlight; were using
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treatments known to cause photosensitivity and/or phototoxicity; were pregnant
or breast-feeding; or had other interfering skin diseases which might jeopardize the
study results.
Randomization and blinding
The lower or upper extremities were selected based on the highest number of prurigo
lesions. Randomization (left-right) was done by a computerized randomization
program. The physician was blinded for the randomization. Patients and the treating
physician were not blinded for the treatment. Initially, clinical outcome parameters
(PAIS, photographic documentation and PGA) were scored by blinded investigators.
However, due to hyperpigmentation caused by the EL treatment after week 2,
blinded assessment of the above mentioned parameters was not possible. Since then,
biopsies were taken for histological evaluation. Biopsies were taken of the last five
included patients at week 0 and at week 10. Histological evaluation was done by an
independent blinded pathologist with no knowledge of the treatment allocation.
Interventions
Excimer laser
A xenon-chloride gas, 308-nm excimer laser (Wavelight Technologies, TALOS®,
308nm, 10mm, 200 mW cm-2, 60ns, 200Hz) was used. Before initiation of the
treatment, the 308-nm UVB minimal erythema dose (MED) was determined for laser
and lamps on unexposed, uninvolved skin on the back. The MED was determined
with an increasing series of ten laser/lamp generated radiant exposures, namely 50,
100, 150, 200, 275, 300, 400, 440, 550, and 600mJ/cm2. Additionally, in Fitzpatrick
skin type 3-4 we applied 800mJ/cm2. Patients were instructed to avoid sun exposure
in the tested areas until the reading of the MED 24 hours later.
A laser spot size of 20mm spot size was used. Nodules were treated with the EL
two times per week for a period of 10 weeks. The initial radiant exposure was the
same as the MED and increased stepwise with every other treatment (1,1,2,2,3,3,..
multiple MED). If adverse reactions such as erythema, burning or pain persisted over
48 hours, treatment was withheld until resolution and the dose was not increased. In
case of blistering the dose was decreased by 1 MED.
Clobetasol propionate 0.05% ointment
Clobetasol propionate 0.05% ointment (CP) is a high potent topical corticosteroid.
Patients received instructions for once daily application of CP on the specified
extremity on the present nodules. Patients applied the medication themselves during
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a treatment period of 10 weeks. To verify the compliance, patients were asked to
record the applications in a diary.
Patients were allowed to apply topical treatments (e.g. corticosteroids,
immunomodulators) to the remaining affected areas during the treatment period
except for the selected extremities in the study. Patients were also allowed to apply
indifferent treatment on all the lesions during the treatment period. Only non sedating
antihistamines were allowed during the study.
Measurements
Screening procedure included assessment of demographic data, medical history,
PAIS, PGA, PaGA, photographs and biopsies for histological examination.
As primary outcome parameter the PAIS was designed to measure the severity of
the disease (Table 1). Our PAIS was the sum of five symptoms (Number of Nodules,
Excoriation, Erythema, Induration and Pruritus), graded from 0 to 3 (0=absent,
Table 1. Physician’s assessment individual signs (PAIS)
Signs

Score (0-3)

Number of nodules

absent = none (0)
mild = 1-10 (1)

94

moderate = 11-20 (2)
severe = >21 (3)
Excoriation

absent = none (0)
mild = slight evidence/scratch (1)
moderate = linear marks, dermal injury (2)
severe = weeping/hemorrhagic lesions (3)

Erythema:

absent = none (0)
moderate =prominent redness(2)
mild = faint erythema(1)
severe =deep intense red colour(3)

Induration

absent = none (0)
mild = limited dermal swelling (1)
moderate = definite dermal swelling (2)
severe = widespread dermal swelling (3)

Pruritus (by VAS)

absent = 0 cm (0)
mild = 1-3 cm (1)
moderate = 4-7 cm (2)
severe = 8-10 cm (3)

VAS, Visual Analogue Scale
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1=mild, 2=moderate, 3=severe), giving a maximum score of 15. In addition, pruritus
was evaluated separately on a Visual Analogue Scale (VAS).
Secondary outcome parameters included: PGA, PaGA, and photo documentation
under standardised conditions. The PGA consisted of a five point scale (clear=0,
almost clear=1, mild=2, moderate=3 and severe=4). For PaGA, patients were asked to
grade their overall change from baseline by selecting one of the following descriptions:
cleared or almost clear=0, marked improvement=1, moderate improvement=2, mild
improvement=3, no change=4, worsening=5.
In order to measure the duration of remission (relapse was defined if the PAIS
returned to >75% of baseline), follow-up visits were planned at 1, 3 and 6 months
after treatment.
Patients were asked to report and were observed for any adverse events. Compliance
with topical therapy and the use of concomitant medication was assessed at each
visit. In addition patients were asked to report their treatment preference at the end
of the study.
Histology
To assess potential histological alterations upon treatment, we took two punch biopsy
specimens of 3 mm under local anesthesia from two similar prurigo lesions, left and
right, before (W0) and after treatment (W10) respectively. To avoid confounding
tissue reactions due to scar formation the biopsies were taken from different sites
of the lesion. All biopsies were examined by an independent pathologist who was
unaware of the site/origin and the patients’ treatment.
The following histological parameters were assessed according to the presence
of diagnostic hallmarks: epidermal thickness (hyperkeratosis and acanthosis),
spongiosis, non-specific mixed inflammatory infiltrate (histiocytes, lymphocytes,
mastcells and eosinophils), hyperplasia and degeneration of the dermal nerves and
vascular hyperplasia. All biopsies were fixed in 4% buffered formalin, routinely
processed and embedded in paraffin. Of each biopsy one 5µm section was stained
with Haematoxylin and Eosin for histomorphological observations, and adjacent
sections were mounted for immunohistochemical staining. Immunostains were
applied to facilitate visualization of mast cells, dermal vessels, nerves and inflammatory
infiltrates and Merkel cells. For this purpose, primary monoclonal antibodies with a
well documented specificity for endothelial cells (anti von Willebrand factor), nerves
(anti S100 protein), Merkel cells (anti CK20), T-lymphocytes (anti-CD3), mastcells
(anti-tryptase) and macrophages (anti-CD68) were used. Immunoreactivity of

95

Chapter V

the respective antibodies was tested with the use of a streptavidin biotin complex
method (SABC) with DAB serving as a substrate. In addition, a Fontana stain was
applied for demonstration of melanin pigment in all biopsies. To assess the effect
of EL and CP in the immunostains, a five point score was used evaluating each of
the histopathological hallmarks (normalization=0, marked decrease=1, moderate
decrease=2, mild decrease=3, no change=4, increase=5).
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Sample size and analysis
The study hypothesis was that CL and EL were equivalent. When the sample size
is 10, a paired t-test with a 0.05 one-sided significance level will have 80% power to
reject the null hypothesis that the test (CP) and standard (EL) are not equivalent (the
difference in means, 5 points in PAIS or further from zero in the same direction) in
favour of the alternative hypothesis that the means in the two groups are equivalent
when the expected mean difference is 0 points assuming that the standard deviation
of the differences is 6.
Normally distributed numerical data were summarized by their mean and standard
deviation. We used χ2 and Fisher's exact tests to compare proportions, the MannWhitney test to compare means for values not normally distributed. Mixed model
repeated measures analysis was used to test for differences on the primary endpoints
between therapies over time, P<0.05 was considered to be statistically significant. The
SPSS 16.0 for Windows software was used for all computations.

RESULTS
Patients
By computerized search 77 patient were screened for eligibility. After manual search
26 patients, with a prurigo form of AD and positive allergen-specific IgE, were selected
and invited to participate. Selection of patients is shown in Figure 1. After screening,
a total of 13 patients met the inclusion criteria and were included. For the reasons
for exclusion see Figure 1. After the start of study, two patients discontinued within
two weeks due to a disseminated exacerbation of their AD. Systemic medication was
needed; this could interfere with the study results. One patient withdrew from the
study after one week because of non-compliance. No outcome data of these three
patients were available, so data of 10 patients were used for analysis. All 10 patients
were compliant to EL and CP treatment. No missed topical application of CP could be
detected in the diaries. No relevant topical or oral medication which could interfere
with the study results was used by the included patients. Baseline characteristics
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Figure 1. Selection of patients
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and clinical measurements of the randomized patients are presented in Table 2. No
differences were observed between left and right extremities as this was an inclusion
criterion.
PAIS
Individual PAIS scores during the study are summarized in Table 3. At the end of
treatment (W10) in all but one patient, the treated prurigo nodules improved both
with EL and CP. In three patients EL treated site showed more improvement in PAIS
score compared to CL. In four patients the CP treated site showed better improvement
in PAIS score. However, at the end of the study (W34), an improvement of PAIS >
40% (range 40.0-81.8%) was observed in 8 patients by EL compared to 3 patients by
CP (range 50.0-69.2%).
Mean PAIS scores of EL and CP during study are summarized in Table 4. At week
5 and week 10 a significant improvement of mean PAIS was seen for EL and CP
compared to baseline: 10.0 (p<0.05) and 7.5 (p<0.001) for EL and 9.2 (p<0.01) and 8.0
(p<0.01) for CP treated site. During follow-up period (W14-W34), both for EL and
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Table 2. Baseline characteristics and clinical assessments
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Nr

Gender

Age

1

M

47

2

M

3

F

Skin type* Duration Treatment
of disease
site
Leg

Severity
PAIS#

VAS
Itch

PGA

13

9

Severe

II

1-5 yrs

42

IV

> 10 yrs

Leg

14

8

Severe

34

IV

>10 yrs

Leg

13

10

Severe

4

M

46

II

>10 yrs

Leg

12

7

Severe

5

M

65

II

1-5 yrs

Leg

13

6

Severe

6

F

43

II

>10 yrs

Leg

15

9

Severe

7

F

53

III

1-5 yrs

Arm

11

8

Severe

8

F

50

II

>10 yrs

Arm

14

10

Severe

9

M

69

III

5-10 yrs

Leg

13

8

Severe

10

F

65

III

>10 yrs

Leg

10

4

Severe

#

M

63

IV

5-10 yrs

Arm

13

8

Severe

#

M

46

II

5-10 yrs

Leg

13

8

Severe

#

F

31

II

>10 yrs

Arm

9

7

Severe

*According to Fitzpatrick. # Patients were included but not used for analyses because of dropout during the study; PAIS, Prurigo Assessment Individual Signs; VAS, Visual Analoge Scale; PGA,
Physician Global Assessment

Table 3. Differences in individual PAIS scores during the study
Nr

Baseline
PAIS#

W5
EL/CP

W10
EL/CP

Improvement
W14
end of treatment EL/CP
(W10) %

W22
EL/CP

W34
EL/CP

Improvement
end of study
(W34) %

1

13

12/11

7/11

46.1/15.4

7/7

5/6

6/8

53.8/38.5

2

14

7/6

7/5

50.0/64.3

4/8

5/8

3/7

78.6/50.0

3

13

13/13

13/13

0/0

13/13

13/13

13/13

0/0

4

12

13/11

6/4

50.0/66.7

5/5

4/4

4/6

66.7/50.0

5

13

7/5

7/5

46.1/61.5

7/5

4/4

5/4

61.5/69.2

6

15

12/7

9/9

40.0/40.0

7/10

9/10

9/10

40.0/33.3

7

11

6/10

4/10

63.6/9.1

3/9

2/10

2/10

81.8/9.1

8

14

9/8

8/5

42.9/64.3

6/10

9/12

8/9

42.9/35.7

9

13

11/11

11/11

15.4/15.4

10/11

11/11

11/11

15.4/15.4

10

10

10/100

3/7

70/30

4/7

5/8

5/8

50/20

EL, Excimer laser; CP, Clobetason propionate; PAIS, prurigo assessment induvidual signs

Excimer laser versus clobetasol propionate

CP site a significant improvement of mean PAIS was observed (p<0.001), compared
with baseline scores. Overall, the EL site mean PAIS scores showed a higher decrease
during the study compared to CP. Compared with baseline PAIS (12.80 and 12.90),
both EL and CP showed an overall (W5-W34) significant improvement (p<0.001):
mean PAIS 8.38 and 9.30, respectively (Table 4).
During follow-up period, a significant difference was seen between EL and CP. At
week 14, 22 and 34, mean PAIS differed significantly between EL and CP: 6.6 and 8.5
(p<0.05), 6.9 and 8.5 (p<0.05) and 7.1 and 8.9 (p<0.05) respectively (Figure 2).
Table 4. Differences in mean PAIS scores from baseline for EL and CP.
EL

Baseline

W5

12.80 (1.5)

10.0 (2.6)
***

W10

W14

W22

W34

W5-W34

7.5 (2.9) * 6.60 (3.0)* 6.60 (3.6)* 6.80 (3.5)* 8.38 (2.5)*

CP 12.90 (1.2) 9.2 (2.6)** 8.00 (3.2)** 8.50 (2.6)* 8.40 (3.1)* 8.80 (2.4)* 9.30 (2.0)*
EL, excimer laser; CP, clobethason propionate. Data are mean (SD); changes from baseline
*p<0.001, **p<0.01, ***p<0.05.

Figure 2. Differences in mean PAIS
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14

PAIS EL
PAIS CP

PAIS

12
10
8

*

6

*

*

4
2
0

WK 0

WK 5

WK 10

WK 14

WK 22

WK 34

PAIS, prurigo assesment individual signs; EL, excimer laser; CP, Clobetason propionate; * p< 0.05
between PAIS EL and PAIS CP.

Pruritus
The pruritus severity score, measured by VAS at week 5, 10 and during follow-up,
decreased for both EL site as well for CP site (Figure 3). After 10 weeks of treatment
and during follow-up a significant improvement in mean pruritus score was observed
for both EL and CP (p<0.001). From baseline to end of the study a mean pruritus
improvement of 63% was seen at EL site compared to 49% at CP site. However,
differences in mean pruritus scores between EL and CP treatment sites were not
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Figure 3. Differences in mean pruritus scores by VAS from baseline
10

Pruritus EL
Pruritus CP

9
8

VAS

7
6
5

*

4

*

*

*

WK 22

WK 34

3
2
1
0
WK 0

WK 5

WK 10

WK 14

VAS, visual analogue score; EL, excimer laser; CP, clobetason propionate; *p<0.001 from
baseline

statistically significant after one month (3.5 versus 4.5), after 3 months (3.0 versus
4.1) and after 6 months follow-up (3.0 versus 4.0) respectively.
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Secondary outcome parameters
Physician’s Global Assessment (PGA) and Patient’s Global Assessment (PaGA) are
summarized in Table 5. For PGA a clear effect of EL and CP was seen after ten
weeks of treatment. For sites treated with the EL less relapse of disease was seen
during follow-up period. At the end of the study (W34) six patients showed to have
a PGA of mild to almost clear at EL site. For the CP site, only in two patients a mild
disease was reported by the physician at W34. For PaGA at W34, the majority of the
patients (n=7) reported marked improvement of EL treated side compared to four
patients who reported marked improvement of CP treated side. At the end of the
study majority of the patients (n=8) preferred EL treatment, two patients preferred
CP treatment. In addition to the PGA and PaGA, the photographic documentation of
effect of EL during the study is showed in Figure 4.
Adverse events
Most adverse events were mild and transient. Two patients discontinued due to
generalized exacerbation of their AD for which systemic therapy was indicated.
Relation to the study treatment seemed unlikely. Out of the 10 remaining patients the
following transient adverse events occurred at the EL treatment site: burning sensation
(n=4), erythema (n=5), vesicles (n=2) and blistering (n=1). After several weeks of
treatment by the EL, evident hyperpigmentation occurred at the treated papules
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Table 5. Physician’s and Patient’s Global assessment during study
PGA W0

PGA W10

PGA W34

PaGA W34

EL/CP

EL/CP

EL/CP

EL/CP

1

4/4

2/3

2/3

1/3

2

4/4

3/3

1/3

1/1

3

4/4

4/4

4/4

4/4

4

4/4

2/2

2/2

1/1

5

4/4

2/2

2/2

1/1

6

4/4

3/3

3/3

1/4

7

4/4

2/3

1/3

1/4

8

4/4

3/2

3/3

2/1

9

4/4

3/3

4/4

3/3

10

4/4

1/3

2/3

1/3

PGA: clear=0, almost clear=1, mild=2, moderate=3, severe=4. PaGA:
cleared or almost clear=0, marked improvement=1, moderate
improvement=2, mild improvement=3, no change=4, worsening=5.
Figure 4. Clinical effect of EL during the study.
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A, Baseline; B, week 10 (end of treatment); C, week 22; D, week 34 (end of study)
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Figure 5. Representative examples of histology and immunohistology of skin biopsies in this
study. A-C: Prurigo nodularis lesion prior to treatment.
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D-F, Prurigo nodularis lesion after treatment with CP; G-I, Prurigo nodularis lesion after treatment
with EL; A,D,G, Haematoxylin & Eosin stains (x40); B,E,H, Haematoxylin & Eosin stains (x200);
C,F,K. Anti-CD3 immunostains showing reactivity with T-lymphocytes (x200).

Figure 6. Detail of lower parts of epidermis and papillary dermis of EL versus CP treated lesion.

EL treated lesion (A) and CP treated lesion (B), showing marked pigment incontinence appearing
as black depositions in the EL treated prurigo lesion (Fontana stain, x200).
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(n=10), which persisted until the end of follow-up period. This hyperpigmentation
interfered with the blinding of the outcome observer. Other adverse events were
herpes zoster (n=1) and gout (n=1), which were not located at treatment site.
Histological changes
Skin biopsies from 5 patients displayed all histologic features of prurigo nodules
at baseline.3 The epidermis showed hyperortho- and parakeratosis, and marked
acanthotic thickening with irregular downward proliferations. In the superficial
parts of the dermis there was a mainly perivascular oriented infiltrate composed
of macrophages (CD68+), T-lymphocytes (CD3+) and small numbers of mast cells
(tryptase+). The numbers of Merkel cells were low (1 or 2 in each biopsy). The dermal
stroma in the upper parts of the dermis showed fibrosis, small amounts of melanin
pigment (pigment incontinence); thickened nerve bundles (S100+) were observed in
all biopsies. The parameters described above served as reference for the interpretation
of the subsequent biopsies of the lesions after treatment (W10) with either EL or
CP. All EL treated lesions showed a marked decrease in epidermal thickness and
parakeratosis, compared with no change in CP treated lesion. Moreover there was a
substantial marked decrease in numbers of dermal perivascular inflammatory cells in
all EL lesions. For CP lesions two showed a ‘moderate decrease’ and three showed ‘no
change’ in inflammatory activity. Marked increase in dermal melanin pigmentation,
mainly bound to macrophages, (pigment incontinence) was present in the 5 EL
lesions, but unchanged in CP treated lesions. We did not observe any differences in
the amount of immunostainable (antiS100+) nerve ends and also the extent of fibrosis
was about the same in both groups. In Figure 5 and 6 the histological differences
between EL and CP treatment are illustrated.

DISCUSSION

The prurigo form of atopic dermatitis often represents a therapeutic challenge.1
Concerning the treatment of prurigo forms of AD there are only a few studies.1;17-19
Besides several reports, to our knowledge there is no randomised controlled trial on
the treatment of the (prurigo form of ) AD with the EL.12;13;16;20 There are several
studies which have shown the EL to be effective in other skin diseases such as
psoriasis and vitiligo.12;14;15;21;22 This RCT was conducted to investigate if EL is a
new treatment option for AD patients who suffer from severe prurigo nodules.
In contrast to the conventional UVB therapy, the EL permits precise targeting
of affected areas, leaving adjacent skin unexposed to UVB radiation. In addition
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the EL may result in a reduction of both the number of treatment sessions and the
cumulative dose. Although no sufficient data about the long-term side effects are
available, we might assume that the EL have a lower risk of adverse events from
radiation exposure.
For PAIS, during the treatment period (W5 to W10) the topical steroid seemed to
be the more effective treatment. However, both treatments showed resemble PGA
outcome scores at W10. Remarkably, during follow-up (W14 to W34) the EL showed
to be more effective compared to CP, as measured by PAIS,VAS, PGA and PaGA. No
major adverse events occurred. Mild burning sensation was frequently observed and
hyperpigmentation of the treated nodules was evident at all treated sites.
In contrast to PAIS, histopathology demonstrated EL treatment to be more
effective in all 5 patients compared to CP treatment after 10 weeks of treatment. A
decrease of epidermal thickness and a higher decrease in the dermal inflammatory
infiltrate was observed at EL site, compared to CP site.
This study was designed as a pilot study and therefore includes a small number
of patients. In this study the more severe patients with a prurigo form of AD were
treated because the selection was based initially on the diagnoses PN and prurigo of
Besnier and secondly AD. Off course there are many more patient with the diagnosis
of AD with prurigo nodules.
Other limitations are the loss of blinding due to sustained hyperpigmentation and
the use of variable radiant exposures of the laser. A blinded study design with the
EL appears problematic, since hyperpigmentation as side effect of the EL interferes
with blinding. Various radiant exposures were chosen to obtain the right treatment
for each patient according to their individual skin responses. The EL can be time
consuming and is therefore more useful for the treatment of small areas. Since no
severity score exists for prurigo nodules a severity score was designed to measure
the effectiveness. Although the chosen items seem practicable and the results seem
reliable, this PAIS severity score has not been validated yet.
Although EL and CP showed both to be effective after ten weeks of treatment,
during a six-months follow-up more improvement was seen for EL by PAIS, VAS,
PGA and PaGA. The results suggest that the EL can safely and effectively be used in
the treatment of the prurigo form of AD. Besides, for the long term the EL might be
a good alternative to topical corticosteroids and an option in case of therapy resistant
patients. Future randomised controlled trials, including higher numbers of patients
seem to be commendable to show the efficacy of the 308 nm XeCl excimer laser as
well as cost-effectiveness.
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ABSTRACT

Background: Atopic dermatitis (AD) mainly covers the period of infancy to adulthood,
an important period in the development of an individual. The impairment of quality
of life and the psychological wellbeing of children with AD has been well documented
but so far no data exists about the impact of AD in childhood on fulfilling age-specific
developmental tasks and achieving developmental milestones during this period,
referred to as the course of life.
Objectives: To assess the course of life and to define the disease-related consequences
in young adult patients with childhood AD. Second objective is to determine whether
the severity of AD is predictive for the course of life, the disease-related consequences
and quality of life later in life.
Methods: Patients with AD in childhood, were asked at the age of 18-30 years, to
complete a medical history questionnaire, the Skindex-29, the ´Course of life´ (CoL)
questionnaire and a subjective disease-specific questionnaire.
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Results: Patients with severe AD in childhood showed a significant delayed social
development in their course of life. The results of the disease-specific questionnaire
demonstrated remarkable high percentages of psycho-social consequences and
physical discomfort caused by AD during childhood. A percentage of 48.7% of patients
with AD showed a severely negative impact of AD on their current QoL.
Conclusions: This is the first study that applied the ´Course of life´ (CoL)
questionnaire in AD. The severity of AD was shown to be of importance for the
interpretation of the course of life, the disease-related consequences and quality of
life. Health care providers should be attentive not only to the physical aspects but also
to the psychological and social aspects of AD, especially in case of severe AD.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic relapsing, inflammatory skin disease, characterised
by a range of clinical features of which pruritus and typically distributed eczematous
lesions are the most essential.1-3
Due to a two-to-threefold increase in prevalence during the last three decades, AD
has become one of the most common childhood disorders.3-5 Despite the proposal of
different sets of diagnostic criteria, so far no definitive gold standard for diagnosing
AD has been accepted.6-8
It is known that AD not only causes physical symptoms such as pruritus, skin
discomfort and sleep disruption, but can also lead to emotional problems and social
dysfunction. The annoying physical symptoms, as well as the unpredictable course
and intensive treatment of the disease, can have significant impact on the physical
and psychological wellbeing of AD patients.9 Moreover, AD patients are not only
affected by the disease itself but also by the stigma associated with its visibility.10;11
Chronic skin diseases have always had a major negative impact on a patient’s quality
of life, and since 1987 this impact can be measured in a repeatable standardised
way.12 Several questionnaires were developed to measure Quality of Life (QoL) in
dermatology, e.g. the Dermatology Life Quality Index, the Children’s Dermatology
Life Quality Index and the Skindex-29.13;14;15 Since then, the impairment of quality of
life and the psychological wellbeing of children with AD, as well as their parents, has
been well documented.16-25
AD mainly covers the period of infancy and childhood, an important period in the
development of an individual.26 Childhood and in particular the adolescent period
is not only characterised by vitality and rapid development, but also by vulnerability.
Negative experiences, such as somatic illnesses, may have great impact on later
adult life.27 So far in literature no attention has been paid to the long term impact of
childhood AD. Even though suggested by other researchers,18 no retrospective study
has yet been performed to investigate the developmental consequences of growing
up with AD.
Fulfilling age-specific developmental tasks in childhood as well as achieving
developmental milestones in youth, referred to as the ‘course of life’, are of great
importance to the adjustment in adult life.28-31 In children with a chronic disease,
dependence on caretakers is frequently increased, and peer and school based activities
are often decreased, elements which may affect the achievement of developmental
milestones. The impact of AD in childhood on the course of life is not well known.
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A hampered course of life was found in young adults with a history of chronic
paediatric disease, such as survivors of childhood cancer, patients with end-stage renal
disease, anorectal malformations, Hirschsprung disease and oesophageal atresia.30;31
No knowledge exists about the course of life of young AD patients.
The primary aim of this study is to assess the course of life in young adult patients
growing up with AD in childhood and compare this to the course of life of a healthy
matched control group. Secondly, we will define the disease-related consequences
for AD patients during childhood and we will determine whether severity of AD
is predictive for the course of life and the disease-related consequences during
childhood. Finally, the current quality of life of the patients with AD in childhood is
determined.
As AD continuously affects the daily life of patients, their course of life is expected
to be disturbed. Considering the severity of AD to be of influence on the course of life,
patients with severe AD are expected to have a more hampered course of life.

METHODS
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Patients and Procedures
This mono-centre cross sectional study was performed at the Department of
Dermatology of the Academic Medical Center in Amsterdam, the Netherlands. By
computerised search, all patients in the age of 18-30 years, with AD in childhood,
who visited the outpatient clinic between January 2000 and July 2006, were selected.
Diagnosis of AD was based on the U.K. Working Party´s diagnostic criteria for
AD, namely an itchy skin condition, and three of the following criteria: history
of involvement of skin creases, personal history of asthma or hay fever, history
of generally dry skin and onset at younger than two years of age.8 Patients with
co-morbidity during childhood other than asthma or hay fever and patients unable to
understand questionnaires in Dutch were excluded from analysis. All eligible patients
were invited by a letter from the research physician and the head of the Dermatology
Department, in which they were asked to participate in the study. Patients who did not
want to participate were asked to return a non-response form. All participants signed
an informed consent form and were asked to fill in the questionnaires anonymously.
After completing the questionnaires at home, they could be returned in a freepost
envelope provided by the research physician. Non-responders were once contacted
by phone.
A control group was recruited through general practitioners in a former study.30
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Measures
All participating patients were asked to complete a medical history questionnaire, the
Skindex-2915, a QoL questionnaire, the ´Course of life´(CoL) questionnaire and the
subjective disease-specific questionnaire.
The medical history questionnaire is an anamnestic questionnaire concerning the
medical history of the AD patient. Fifteen questions ask retrospectively and nineteen
concern the current situation. The items include patient characteristics, atopic history,
family history, course of disease and current and/or former therapies. Based on the
question about the severity of the AD during childhood, severity was dichotomised
into mild to moderate (0) and severe (1). In addition to the medical history, the
Skindex-29, a dermatology-specific questionnaire, developed to comprehensively
measure the complex effects of a skin disease on a patient’s QoL, was used. A
composite score of more than 40 points means a relatively serious negative impact
of the skin disease on the current QoL. In order to improve the support and medical
care of patients with AD, patients were asked to report their personal needs.
The CoL questionnaire, developed by the Psychosocial Department of the Emma
Children’s Hospital, is used to retrospectively assess the achievement of developmental
milestones.32 It was developed to be able to investigate the course of life of young
adults, aged 18-30, who grew up with a chronic or life threatening disease, and to
facilitate comparison with the course of life of peers without history of disease. The
items concern behaviour characteristics of certain ages, developmental tasks and the
limitations children might encounter when growing up with a chronic disease. The
items are divided into five scales: three developmental scales and two risk behaviour
scales. In this study we were interested in the three developmental scales: autonomy
development (6 items, autonomy at home and outside home, e.g. ´age of going on
holidays without parents´), psychosexual development (4 items, love and sexual
relations, e.g. ´the first time of falling in love´) and social development (12 items,
contact with peers at school and in leisure time, e.g. ´belonging to a group of friends
during secondary school´). A higher score on these scales indicates the achievement
of more milestones and the accomplishment of more developmental tasks, which can
be seen as an indication of a more favourable course of life.
Apart from the five scales, the CoL questionnaire measures socio-demographic
outcomes in young adulthood.
The validity and the test-retest reliability (r > 0·86) of the course of life scales is
good.30;32;33 Except for the autonomy scale, in which items concern diverging aspects
of autonomy, the internal consistency of the scales is satisfactory.32 The use of scales
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with moderate internal consistency is acceptable for group comparison, because
internal consistency is an indication of random error and has nothing to do with
systematic error (bias).28 The Cronbach’s alphas in the population under study were
moderate to good as well.
The subjective disease-specific questionnaire consists of 24 retrospective questions
concerning AD-related consequences during the primary and secondary school
period of AD patients. This questionnaire was developed to obtain an impression of
the effects of AD on the patients´ daily lives. Item lists were developed from clinical
experience and insights of developmental psychology and were based on the Course
of Life questionnaire domains (social en psycho-sexual functioning and autonomy).
Items were reviewed and discussed by the team members to ensure appropriateness.
Scores were given on a five-point scale, from ‘never’ (0) to ‘all the time’ (5). Twelve
questions concern the primary school period and are about the disease-specific
psycho-social impact and the impact of its physical aspects. The items concern
feelings of shame, loneliness, protection by parents and contact with friends. The
same questions were asked about the secondary school period.
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Statistical analysis
The Statistical Package for Social Sciences (SPSS) Windows version 11 was used for
all analyses. First, missing values were handled according to the guidelines given in
the manuals for the relevant questionnaires. Second, Mann-Whitney tests and Chisquare tests were completed to compare responders and non-responders with regard
to age and gender.
For the Skindex-29, sum scores < 25, between 26-39 and above 40 were determined
and these sum scores were correlated with the current AD severity using nonparametric
correlation.
Student’s T-test was conducted to test group differences on the course of life
scales. Because the distribution of the scores of the CoL scales was not fully normal,
non-parametric Mann-Whitney U-tests were also performed to improve reliability.
To get insight into the within group differences based on severity additional t-test
and Mann-Whitney U-tests were performed. Furthermore, in order to gain a detailed
insight into the course of life of the AD patients, differences on item level were also
calculated for scales on which significant differences between groups were found.
Therefore, χ2-tests were conducted at the frequency distributions of the individual
(dichotomised) items.
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Additional χ2-tests were conducted at the frequency distributions of the individual
(dichotomised) items for the disease-specific questionnaire for severity of AD.
Answers to the items on the disease-specific questionnaire were dichotomised by
adding the categories never and seldom (no) and the answers sometimes, often and
very often (yes). Items of which the impact was reported (as yes) by more than 25% of
the patients were considered clinically relevant.
Because of the strong explorative nature of our study, priority was given to find
phenomena that exist (avoiding type I errors) rather than correcting for multiple
testing (avoiding type II errors). Therefore, a significance level p < 0.05 was used.

RESULTS

Patients
A total of 165 (60 men (36.4 %) and 105 women (63.6 %)) patients with AD were
asked to complete the set of questionnaires. A total of 117 patients returned their
questionnaires (response rate 71%). Of the 48 patients who did not complete the
questionnaires, 20 returned the non-response form. Most of these non-respondents
declared not to have enough time (n=3), to be currently studying or working abroad
(n=4), not to have suffered from AD during primary or secondary school (n=3) or
not to be interested in participating (n = 10). 28 of the 165 adults did not respond
at all. Comparing the responders to the non-responders, the non-responders were
younger at time of investigation (M = 22.9; SD = 3.53; range 18 - 29; p < 0.05), and the
group consisted of a higher percentage of males instead of females (54.2% vs. 45.8%,
p < 0.05).
The data of 117 patients could be used for the analyses: 34 (29.1%) men, 83 (70.9%)
women. Their mean age was 23·4 (SD=3.2; range 18-30) years and the median age
was 23 years. Characteristics of patients are listed in Table 1. Of 108 patients the item
of severity of AD during childhood could be used for analysis. The distribution of
severity of AD during childhood did not differ between men and women.
Controls consisted of 508 respondents, 239 men (47.0%) and 269 women (53.0%).
Mean age 24.2 years (S.D. 3.8, range 18.0-30.9).29
Quality of Life
The results of the current Quality of life (QoL) measured by the Skindex-29 are
presented in Table 2. A percentage of 48.7% of patients with AD showed a severely
negative impact of AD on their current QoL (critical score ≥40). We found a strong
correlation between the reported disease severity and the QoL (r= 0.518, p< 0,001).
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Table 1: Baseline characteristics of the AD patients
AD patients (n = 117)
M

SD

Range

Age at study (years)

23.4

3.2

18 - 30

Age at first diagnosis (years)

3.4

4.7

0 - 17

Mean duration of AD (years)

20.1

5.8

5 - 30

N

%

Male

34

29.1

Female

83

70.9

Yes

105

91.3

No

10

8.7

Gender

AD at time of investigation

Severity of AD at time of investigation
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None/ Mild

20

20.4

Moderate

49

50.0

Severe

29

29.6

Severity of AD during childhood
Mild

0

0

Moderate

34

29.1

Severe

74

63.2

Treatment at time of investigation
Corticosteroids

68

58.1

Immuno modulators

28

23.9

Systemic therapy (e.g. Prednison)

4

3.4

Other health problems
Asthma

47

42.0

Hay fever

72

67.9

Conjunctivitis

78

69.0

Other

13

11.3

44

38.3

Family atopy
AD
Asthma

47

40.9

Hay fever

63

54.8
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Table 2. Outcomes of the current Quality of life (Skindex-29) for total group of AD patients and
disease severity
Total AD patients

Moderate AD

Severe AD

N

%

N

%

N

%

Total sum score ≥ 40

56

48.7

13

44.8

31

47.7

Total sum score 26 – 39

31

26.5

8

27.6

18

27.7

Total sum score ≤ 25

28

23.9

8

27.6

16

25.7

In answer to our question for the need of support and medical care, majority of
patients reported a clear need for more information about treatment regimens (87%),
improvement of personal guidance and advise of the physician during their treatment
(85%), contact with fellow-sufferers (52%), and psychological support (68%).
Course of life
As a group, patients with AD in childhood did not differ significantly from the
control group on milestones in developmental domains of the CoL questionnaire
(Table 3). However, within group differences were found for severity. Patients who
grew up with severe AD in childhood showed significant delayed social development
compared to patients who grew up with AD in childhood (p<0.001). Besides, severe
AD showed to have a significant delayed social development compared to the control
group (p<0.05).
Table 3: Comparison between total of AD patients, controls and disease severity on the three
scales of the CoL questionnaire
Total AD
patients
(n=117)

Control
group
(n=508)

Moderate
AD
(n=34)

Severe
AD
(n=74)

Severe
AD
(n=74)

Control
group
(n=508)

Mean

9.33

9.45

9.61

9.15

9.15

9.45

S.D.

1.26

1.48

1.31

1.22

1.22

1.48

Autonomy development

Psycho-sexual development
Mean

7.25

7.14

7.36

7.17

7.17

7.14

S.D.

1.07

1.15

1.03

1.11

1.11

1.15

Mean

20.78

20.96

21.97***

20.22

20.22*

20.96

S.D.

2.48

2.47

1.64

2.70

2.70

2.47

Social development

***p<0.001 Mann-Whitney U test comparison between moderate and severe AD
*p<0.05 Mann-Whitney U test comparison between severe AD and control group
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Table 4: Frequencies, percentages and differences of the social development scale of the CoL
questionnaire between moderate and severe AD, and between severe AD and controls.
Moderate AD
N

%

Severe AD
N

%

At least one year of membership in a sports club, primary school
Yes

28

82.4

53

71.6

No

6

17.6

21

28.4

Less than 4

5

14.7

26

35.1

4 or more

29

85.3

48

64.0

Number of friends in 1-3 grade, primary school

Number of friends in 4-6 grade, primary school
Less than 4

5

14.7

23

31.1

4 or more

29

85.3

51

68.9

Best friend, primary school
Yes

27

79.4

59

80.8

No

7

20.6

14

19.2

Friends

34

100

54

76.1

Brothers and/or sisters, parents, on your own

0

0

17

23.9

Most of time playing with…, primary school
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At least one year of membership in a sports club, secondary school
Yes

22

66.7

36

50.0

No

11

33.3

36

50.0

Less than 4

4

12.1

22

30.1

4 or more

29

87.9

51

69.9

Number of friends, secondary school

Best friend, secondary school
Yes

24

72.7

53

72.6

No

9

27.3

20

27.4

Yes

31

93.9

55

76.4

No

2

6.1

17

23.6

Friends

32

97.0

54

76.1

Siblings, parents, alone

1

3.0

17

23.9

Sometimes/often

32

94.1

55

77.5

Never

2

5.9

16

22.5

Belonging to a group of friends, secondary school

Leisure time mainly with..., secondary school

Going out to a bar or disco, secondary school

* p-value for moderate versus severe AD, ** p-value for severe AD versus control group
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p-value*

Controls
N

0.23

<0.05

0.06

0.86

<0.001

0.08

<0.05

0.59

<0.05

<0.01

<0.05

p-value**
%

427

84.2

80

15.8

187

37.0

319

63.0

156

30.9

349

69.1

377

74.0

131

25.8

436

87.6

62

12.4

373

73.6

134

26.4

154

30.4

352

69.6

372

73.5

134

26.5

403

80.6

97

19.4

430

85.1

75

14.9

430

84.8

77

15.2

<0.01

0.76

0.97

0.22

<0.01

<0.001

0.96

0.87

0.40

<0.05

0.11

The frequency tables of the individual
items of the social development scale of
the CoL questionnaire show the milestones
for which patients with moderate AD
in childhood differed significantly from
patients with severe AD in childhood
(Table 4). They differed on six out of ten
items of the social development scale.
During primary and secondary school,
patients with severe AD in childhood had
a lower number of friends (p<0.05; p<0.05),
and a lower percentage spent their leisure
time with their friends than patients with
moderate AD in childhood (p<0.001;
p<0.01). Furthermore, patients with severe
AD in childhood less often belonged to a
group of friends (p<0.05), and less often
went to a bar or disco during secondary
school than patients with moderate AD
(p<0.05), and, compared to their healthy
peers, patients with severe AD less often
reported to have been member of a sports
club during their primary and secondary
school period. (p<0.01; p<0.001) (Table 4)
Disease-specific questionnaire
Considering the clinical relevant items (of
which the impact was reported by more
than 25% of the patients), the outcomes
of the disease-specific questionnaire show
that the majority of the patients experienced
negative impact and discomfort caused
by their AD during their primary and
secondary school period (Fig.1). The
majority of patients with AD in childhood
confirmed their AD led to shame to peers
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Figure 1: Total percentages
of AD patients reporting
impact on the disease-specific
questionnaire.
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during primary and secondary school: 63.6% and 70.0% respectively. In addition,
considerable percentages are shown with respect to avoidance of intimacy (39.1%
and 49.1%), social activities (31.5% and 35.1%) and sports activities (34.5% and 43.2%)
during primary and secondary school. A clinical relevance for school absence (25.2%)
and doing things on their own (24.3%) was shown during secondary school. With
respect to physical aspects of AD, high percentages of discomfort during primary and
secondary school are observed; pain and itch (90.7% and 88.1%), sleeplessness (56.5%
and 69.2%), physical fatigue (48.1% and 60.2%) and more eczema by stress (49.1% and
74.1%).
The results of the differences between patients with moderate AD and severe AD
during childhood within the disease-specific questionnaire are presented in Table 5.
In four items of the disease-specific questionnaire, those having had moderate AD
differed significantly from those having had severe AD during childhood. Compared
to patients with moderate AD, patients with severe AD during childhood more often
missed out on primary and secondary school because of suffering from AD (p<0.05;
p<0.10). Patients with severe AD in childhood spent more time on their own during
their secondary school period than patients with moderate AD (p<0.05). Furthermore,
results about the physical aspects of AD during primary and secondary school showed
that patients with severe AD during childhood more often suffered from physical
fatigue than patients with moderate AD during childhood (p<0.01; p<0.05).
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Table 5: Frequencies, percentages and differences between patients with moderate and severe
AD with respect to the disease specific questionnaire
Moderate AD
Severe AD
p value
N
%
N
%
Thinking about my primary school and my eczema, it led to
Conflicts with my parents
No
25
78.1
55
75.3
0.76
Yes
7
21.9
18
24.7
Shame to peers
No
14
43.8
24
32.9
0.29
Yes
18
56.3
49
67.1
Avoiding intimacy
No
24
75.0
40
54.8
0.05
Yes
8
25.0
30
45.2
Avoiding social activities
No
25
78.1
45
64.3
0.16
Yes
7
21.9
25
35.7
Avoiding sport activities
No
25
78.1
44
60.3
0.08
Yes
7
21.9
29
39.7
Missing school
No
29
90.6
52
71.2
<0.05
Yes
3
9.4
21
28.8
Doing things on my own
No
29
90.6
56
77.8
0.12
Yes
3
9.4
16
22.2
Avoiding treatment
No
31
96.9
62
84.9
0.08
Yes
1
3.1
11
15.1
Thinking about my secondary school and my eczema, it led to
Conflicts with my parents
No
26
78.8
50
69.4
0.32
Yes
7
21.2
22
30.6
Shame to peers
No
11
34.4
18
24.7
0.30
Yes
21
65.6
55
75.3
Avoiding intimacy
No
21
63.6
32
44.4
0.07
Yes
12
36.4
40
55.6
Avoiding social activities
No
25
75.8
43
58.9
0.09
Yes
8
24.2
30
41.1
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Table 5: (Continued)
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Avoiding sport activities
No
22
66.7
37
Yes
11
33.3
36
Missing school
No
28
84.8
51
Yes
5
15.2
22
Doing things on my own
No
29
87.9
50
Yes
4
12.1
23
Avoiding treatment
No
31
93.9
64
Yes
2
6.1
9
Thinking about my primary school and my eczema, I suffered from
Pain and itch
No
3
9.7
6
Yes
28
90.3
66
Sleeplessness
No
12
38.7
31
Yes
19
61.3
41
Physical fatigue
No
22
71.0
31
Yes
9
29.0
41
More eczema caused by stress
No
16
55.2
35
Yes
13
44.8
37
Thinking about my secondary school and my eczema, I suffered from
Pain and itch
Yes
5
15.6
8
No
27
84.4
64
Sleeplessness
Yes
10
32.3
22
No
21
67.7
50
Physical fatigue
Yes
18
56.3
25
No
14
43.8
47
More eczema caused by stress
Yes
8
25.8
19
No
23
74.2
53

50.7
49.3

0.12

69.9
30.1

0.10

68.5
31.5

< 0.05

87.7
12.3

0.50

8.3
91.7

1.00

43.1
56.9

0.68

43.1
56.9

<0.01

48.6
51.4

0.55

11.1
88.9

0.52

30.6
69.4

0.86

34.7
65.3

<0.05

26.4
73.6

0.95
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DISCUSSION

This is the first study that considered the course of life of young adults with AD in
childhood. The primary aim of this study was the assessment of the course of life
in young adult patients who grew up with AD in comparison to age-matched peers
without AD. In our study, the CoL of young adult patients with AD in childhood was
found not to be hampered in comparison with age and sex-matched peers without
a history of AD. Regarding the whole group of young adult patients with a history of
AD, the same milestones have been achieved with respect to autonomy development,
social development and psycho-sexual development. We do not have a clear
explanation for this, but it can be reasoned that patients having (severe) AD adapted
their lifestyles and learned to cope with their difficulties during their childhood.
When examining differences between patients varying in disease severity, a clear
difference was demonstrated in achieving milestones of social development between
moderate AD and severe AD. Patients with severe AD in childhood had fewer friends
and spent less leisure time with their friends during primary school and secondary
school compared to patients with moderate AD.
Comparing patients with severe AD with their healthy controls, a significant
difference in social development can be shown, which appeared to be delayed for
patients with severe AD. Compared to their healthy peers, patients growing up with
severe AD less often took membership in a sportsclub during their primary and
secondary school period.
From a developmental psychological point of view the fulfilling of age-specific
developmental tasks in childhood is of great importance to the adjustment in adult
life.34;35 With these results our expectation concerning the severity of AD to be
predictive for the course of life has been confirmed.
Our second aim was to define the disease-related consequences during childhood
for young AD patients. Although no hampered course of life in young adult patients
with a history of AD as a group was demonstrated, we found that the majority of patients
with AD during childhood experienced negative impact and discomfort caused by
their AD. Results show that up to 70% of the patients suffered from feelings of shame
to peers during primary and secondary school. In addition, increasing avoidance of
intimacy, social and sports activities was reported by the patients. These results can
be explained by psychological, physical and social aspects and consequences caused
by AD. Our data are in line with former research showing AD is related with increased
risk of developing psychological difficulties (e.g. shame and anger caused by their
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eczema) as well as behavioural problems (e.g. increased dependency, fearfulness and
increased sick leave for school-aged children with AD).10;16;20
Our results indicated that physical symptoms of AD are of great impact to patients
with AD during primary and secondary school. A high percentage of patients
suffered from pruritus, sleeplessness, fatigue and increased eczema by stress. Pruritus
resulting in sleeplessness is a widely mentioned problem caused by AD.9;10;22;36 It is
known that patients with AD awake more often, sleep less through the night and
report more daytime fatigue.37;38 Fatigue has been demonstrated to be closely related
to physical symptoms of itching and a worse clinical skin status in patients with AD,
possibly indicating that fatigue is a consequence of sleep disturbances due to an active
disease process and high levels of itching.37;39;40 In addition, fatigue has a common
psychological component which results from the perceived stress and experienced
impairment of the chronic skin condition. Furthermore, a growing number of reports
support the association between psychological stress and skin condition in AD.41-43
Our final aim was to determine whether severity of AD is predictive for the diseaserelated consequences during childhood. A clear difference was demonstrated between
moderate AD and severe AD in several items of the disease-specific questionnaire.
Patients with severe AD during childhood showed more absence on primary and
secondary school and spent more often time on their own during their secondary
school period. Furthermore, patients with severe AD during childhood more often
suffered from physical fatigue than patients with moderate AD during childhood.
These findings underline that the severity of AD is important in defining the diseaserelated consequences for young AD patients.
In addition to this, the results of the Skindex-29 showed that 49% of patients
reported a severely negative impact of AD on their current QoL. The majority of
patients reported a clear need for more information about treatment, personal
guidance, advise of the physician during their treatment and contact with fellowsufferers during the childhood with AD, which clearly indicates the importance of a
personal approach to and treatment strategy for each AD patient.
In this article the results were described of the first research on the course of life in
young adults who grew up with AD. Although this study gained useful insights, several
limitations were encountered. Firstly, concept ‘course of life’ is more comprehensive
than the milestones covered by the course of life questionnaire. The fact that the
course of life is measured retrospectively limits the range of topics. In order to
prevent bias caused by memory, the questions are factual and do not go further
back than to the primary school period. The test-retest reliability has proven to be
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satisfactory, so we can conclude that the retrospective reporting about milestones
is rather reliable. Secondly, because the questionnaires should be completed by the
patients with a history of AD themselves, another cause of bias arises. It is likely
that patients report to have achieved more milestones than was actually the case in
order to prove that they have succeeded in getting over their disease. Thirdly, the
disease specific questionnaire is a new questionnaire which needs more validation.
The final limitation stresses the problem of subjectivity of the disease severity in
childhood, as it was self-reported. However, strong correlation could be shown
between the self-reported current severity and the Skindex-29, which indicates the
self-reported disease severity is rather reliable. Nevertheless, we want to point out
that the outcomes of this questionnaire are of clinical importance. In further research
it will be worthwhile to investigate the consequences of a delayed course of life for the
adjustment in young adulthood, e.g., quality of life and social demographic outcomes.
Furthermore is seems important to study developmental consequences prospectively
and related to objectively determined severity.
The present study has demonstrated the importance of the issue of course of life
and disease-specific consequences during childhood as reported by adult patients
with AD in childhood. It illustrated that adult patients with AD in childhood as a
group have achieved the same milestones as their healthy peers. But attention has
to be paid to patients with severe AD in childhood, as they demonstrated to have
achieved fewer milestones concerning social development. A clear notion of negative
impact and discomfort during childhood caused by AD was proven by the outcomes
of the disease-specific questionnaire. Knowledge about possible gaps in the course of
life and the disease-specific consequences could be useful in clinical practice because
it enables health care providers, and especially dermatologists to aim for the most
favorable course of life and support of patients suffering from AD, both during as well
as after treatment. Especially in cases of severe AD, dermatologists should not only
be attentive to the physical aspects but also to the psychological and social aspects of
AD. In conclusion, we believe that in clinical care a systematic evaluation of physical
and psychosocial consequences in patients with AD is warranted.
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SUMMARY AND CONCLUSIONS

Chapter 1. Introduction
With an increasing prevalence, atopic dermatitis (AD) is one of the most common
skin disorders. Still, there is no consensus about its definition, diagnosis, diagnostic
criteria, pathophysiology and therapy.
Definition
AD is an itchy, chronic or chronically relapsing, inflammatory skin condition. The
disease is characterized by itchy papules, which become excoriated and lichenified,
and typically have a flexural distribution. AD is a genetically determined, IgE sensitized
skin disease. To describe AD patients lacking allergen-specific IgE, several names
have been proposed such as “intrinsic type of AD” , “non-allergic AD”, “non-atopic
eczema” or “non-allergic atopic eczema/dermatitis syndrome”. We coined the term
“atopiform dermatitis” (AFD) to avoid the connection with true atopy.
Epidemiology
Prevalence of AD has doubled or tripled during the past three decades; 15-30%
of children and 2-10% of adults are affected. However, an overall estimate of AD
frequency is difficult since studies performed differed greatly in methodology,
measurements, characteristics and techniques of data collection. AD frequently
start in early infancy (early-onset AD) but may also start in adults (late-onset AD).
The “hygiene hypothesis” is one of the most attractive explanations for the growth in
prevalence.
Diagnosis
Because there is no definitive diagnostic test for AD, the diagnosis of AD is still
a clinical one. In general the clinical diagnosis is based on clinical features of
pruritic and chronic or relapsing eczematous lesions with typical morphology and
distribution combined with the disease history. The morphology and distribution
varies according to the patient´s age and disease activity. Due to the wide spectrum
of dermatological manifestations of AD, it is of importance to consider that there is
a differential diagnosis of AD. The most important differential diagnoses are other
forms of eczema. Besides, combinations of different forms of eczema are prevalent
with components of atopic, contact, and irritative dermatitis.
Diagnostic criteria
During the last decades several diagnostic sets of criteria have been proposed to
bring some uniformity in the diagnostic process. The Hanifin and Rajka’s diagnostic
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criteria of 1980 are commonly used in clinical trials. The UK diagnostic criteria were
introduced in 1994 in order to refine this large set of criteria. These criteria have been
widely validated since then. In 1998, the Millennium Criteria were developed. This
set underlines the importance of allergen specific IgE as a mandatory criterion and is
in line with the most recent nomenclature.
Pathophysiology
The cause of AD remains unknown. Interaction between susceptibility genes, the host’s
environment, infectious agents, defects in skin barrier function and immunological
factors contribute to the pathogenesis of AD. The inside-outside hypothesis focuses
on the immunologic disturbance that results in IgE-mediated sensitization, with
epithelial barrier dysfunction being of secondary importance. The outside-inside
hypothesis proposes a primary barrier dysfunction caused by an intrinsic defect in
the epithelial cells, leading to enhanced penetration of allergens and secondary IgE
sensitization. Recent studies concerning filaggrin mutations in AD highlighted the
alterations in the epidermis. Overall, AD probably emerges in the context of two
groups of genes: genes encoding epidermal or other epithelial structural proteins, and
genes encoding major elements of the immune system.
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Treatment
The management of AD presents a clinical challenge. Basic therapy of AD should
provide optimal skin care, along with identification and avoidance of specific
and nonspecific trigger factors. Topical treatment consists of emollients, topical
corticosteroids and topical immunomodulators. For severe AD treatment often relies
on systemic immunosuppressive therapy such as with systemic corticosteroids and
cyclosporine. Data on the use of mycophenolate mofetil (Cellcept®), azathioprine
(Imuran®), intravenous immunoglobulin are conflicting. In the treatment of patients
with chronic AD, UVB phototherapy is widely recognized as an effective treatment
modality. Development of new, targeted therapeutic approaches is needed.
Impact
AD can have a significant impact on morbidity and quality of life. The last decade
attention has been paid to the quality of life in patients with AD. More recently the
Course of Life Questionnaire was developed to gain insight in the course of life in
young adults suffering from chronic childhood diseases. Knowledge about the impact
of a chronic skin disease like AD is of great importance in clinical practice because it
enables health care providers, and especially family doctors and dermatologists to aim
for the most optimal medical care support, both during as well as after treatment.
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Chapter 2. Diagnostic criteria for atopic dermatitis: a systematic review
The evidence concerning the validity of diagnostic criteria for AD was systematically
reviewed. All data sources were identified through searches in Medline, Embase
and Cochrane databases. The Quality Assessment of Diagnostic Accuracy tool
(QUADAS) was used.
Of the twenty articles that met the criteria, 27 validation studies were identified. In
two studies concerning Hanifin and Rajka diagnostic criteria sensitivity and specificity
ranged from 87.9% to 96.0% and from 77.6% to 93.8%, respectively. Nineteen validation
studies of the U.K. diagnostic criteria showed sensitivity and specificity ranging from
10% to 100% and 89.3% to 99.1%, respectively. Three validation studies concerning
the Schultz-Larsen criteria showed sensitivity from 88% to 94.4% and specificity from
77.6% to 95.9%. One article concerning criteria of Diepgen, sensitivity ranged from
83.0% to 87.7% and specificity from 83.9% to 87.0%. One article studied the Kang and
Tian criteria and found 95.5% sensitivity and 100% specificity. One article validating
the ISAAC criteria showed a positive and negative predictive value of 48.8% and
91.1%, respectively.
Conclusions
With this systematic review, of the existing sets of diagnostic criteria for AD a varying
number of validation studies with varying methodological quality was found. The
U.K. diagnostic criteria are the most extensively validated. However, improvement
of methodological design for validation studies and uniformity in well-validated and
applicable diagnostic criteria is needed to improve future intervention studies and to
compare study results.

Chapter 3. Diagnostic criteria for atopic dermatitis: validation and refinement
of the Millennium Criteria
Although various sets of diagnostic criteria for atopic dermatitis (AD) have been
proposed and partially validated, a manageable and up-to-date set of AD criteria
is needed. We validated the Millennium Criteria (MC), in which the presence of
specific IgE is a main criterion, in a hospital-based setting and attempted to improve
and refine these criteria into a manageable and clinically applicable set.
In a prospective case-control study 122 AD patients and 79 controls were included,
which were examined using the MC by independent investigators. The validity of the
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MC was assessed. By logistic regression analysis the best discriminating subset of
criteria was identified. Subsequently, a diagnostic classification model was defined by
the use of tree analysis.
The MC performed very well in our hospital-based setting (100% sensitivity, 88.6%
specificity). Overall accuracy of the MC was 88.6%. Out of the MC, we identified
a subset of 4 discriminating criteria (typical morphology and distribution, xerosis,
pityriasis alba and chronic or relapsing course). Out of these criteria a tree
classification model was created, having a sensitivity and specificity of 98.8% and
88.6% respectively.
Conclusions
This validation study suggests that the MC are an accurate tool to diagnose AD. The
refinement of the MC into a diagnostic tree model, showed that besides the presence
of allergen-specific IgE and typical morphology and distribution, xerosis, pityriasis
alba and chronic or relapsing course are essential criteria for the diagnosis of AD.
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Chapter 4. Clinical differences between atopic and atopiform dermatitis
There is no consensus whether the “intrinsic type” of AD, which we denominate as
atopiform dermatitis (AFD), is a distinct entity. We conducted a case-control study to
compare the clinical and diagnostic features of AD and AFD.
Thirty-four patients with a clinical diagnosis of AD, but without demonstrable
allergen specific IgE were selected. All matched controls were tested positive for
allergen-specific IgE. Medical history, quality of life, disease severity and Hanifin and
Rajka, U.K. and Millennium diagnostic criteria were evaluated.
Eight percent (n=34) of the selected patients had in fact AFD. Female predominance,
absence of atopic diseases, later onset of disease and milder disease severity were
observed in AFD. A history of atopy, recurrent conjunctivitis, palmar hyperlinearity,
keratosis pilaris, pityriasis alba and hand/foot eczema were significantly less present
in AFD. Dennie-Morgan fold was positively associated with AFD.
Conclusions
In addition to the absence of allergen-specific IgE, our findings support that AFD is
an entity distinct from AD. With a distinction between AFD and AD, patients groups
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will be better defined and more homogenous. Implications of this distinction will
be of importance for preventive, therapeutic and diagnostic advices, and for future
research.

Chapter 5. Excimer laser versus clobetasol propionate in the prurigo form of
atopic dermatitis: a randomized controlled trial
Since the XeCl excimer laser (EL) enables large fluences of narrow-band (NB) UVB
and precise targeting of affected skin, it appears to be a promising treatment for
localized AD. A prospective single blind randomised within-patient controlled study
was conducted to investigate the efficacy and safety of EL therapy versus topical
corticosteroid in a side-to-side comparison in patients with the prurigo form of AD.
Thirteen patients with a prurigo form of AD were randomized to receive EL on
one side and topical clobetasol propionate 0.05% ointment on the other side. EL
treatment was performed twice a week, during a treatment period of 10 weeks.
Clinical responses were evaluated using Physician Assessment of Individual Signs,
photographic documentation, Physician Global Assessment and Patient Global
Assessment. In addition, histopathological changes were evaluated and duration of
remission was monitored by a follow-up period of 6 months.
Both treatments resulted in a significant improvement of all outcome measures at
week 5 and 10. However, during follow-up the EL demonstrated better improvement
than the steroid. Histopathologically, marked decrease of epidermal thickness and
inflammation was observed in the laser treated sites.
Conclusions
This study suggests that the EL is effective in the treatment of the prurigo form
of atopic dermatitis. Remarkably, a six-month improvement was observed in sites
treated by the excimer laser.
Chapter 6: The course of life of patients with childhood atopic dermatitis
So far no data exists about the impact of AD in childhood on fulfilling age-specific
developmental tasks and achieving developmental milestones during this period,
referred to as the course of life. We assessed the course of life and defined the
disease-related consequences in young adult patients with childhood AD. Besides we
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determined whether the severity of AD is predictive for the course of life, the diseaserelated consequences and quality of life later in life.
One-hundred-seventeen patients with AD in childhood, completed, at the age of
18-30 years, a medical history questionnaire, the Skindex-29, the ´Course of life´
(CoL) questionnaire and a subjective disease-specific questionnaire.
Patients with severe AD in childhood showed a significant delayed social development
in their course of life. The results of the disease-specific questionnaire demonstrated
remarkably high percentages of psycho-social consequences and physical discomfort
caused by AD during childhood. A percentage of 48.7% of patients with AD showed
a severely negative impact of AD on their current QoL.
Conclusions
This is the first study that applied the ´Course of life´ (CoL) questionnaire in AD. The
severity of AD was shown to be of importance for the interpretation of the course of
life, the disease-related consequences and quality of life. Health care providers should
be attentive not only to the physical aspects but also to the psychological and social
aspects of AD, especially in case of severe AD.

138

VIII

Samenvatting en conclusies

Samenvatting en conclusies

SAMENVATTING EN CONCLUSIES
Hoofdstuk 1. Introductie
Met een toenemende prevalentie is atopisch eczeem (AE) een van de meest
voorkomende huidziekten. Tot op heden is er nog steeds geen consensus over de
definitie, diagnose, diagnostische criteria, pathophysiologie en de therapie.
Definitie
AE is een jeukende, chronische of chronisch recidiverende, inflammatoire huidaandoening. Het huidbeeld presenteert zich met jeukende papels, excoriaties en lichenficatie,
en heeft een typische distributie met name in de lichaamsplooien zoals ellebogen
en knieën. AE is een genetisch bepaalde IgE gemedieerde huidaandoening. Omdat
er patiënten zijn met het phenotype van AE, maar die geen allergeen-specifiek IgE
hebben, zijn daarvoor verschillende namen gegeven zoals intrinsiek AE, niet-allergisch
AE, niet-atopisch AE of niet-allergisch AE syndroom. Aangezien deze patiënten geen
“atopie” hebben, stellen wij de term atopiform eczeem voor om de connectie met atopie
te vermijden.
Epidemiologie
De prevalentie van AE is verdubbeld de laatste decennia. Prevalenties van 15-30%
bij kinderen en 2-10% bij volwassenen zijn beschreven. AE ontstaat vaak op vroege
kinderleeftijd (early-onset AE), maar kan ook ontstaan op volwassen leeftijd (lateonset AE). Een algemeen geaccepteerde verklaring voor de toename van de prevalentie
is de “hygiëne hypothese”. Toch is het erg lastig om een duidelijk beeld te krijgen van
de juiste prevalentie van AE omdat de prevalentie studies behoorlijk verschillen in
methode, uitvoering, patiënten karakteristieken en technieken van dataverzameling.
Diagnose
De klinische kenmerken van AE kunnen erg variëren en dat maakt het stellen van de
diagnose soms lastig. Omdat er geen definitieve diagnostische test bestaat voor AE,
is het stellen van de diagnose gebaseerd op de kliniek. In de dagelijkse praktijk wordt
de klinische diagnose veelal gesteld op basis van jeukende, chronisch recidiverende
huidafwijkingen met een typische morfologie en distributie patroon. De morfologie
en distributie kunnen verschillen afhankelijk van de leeftijd van de patiënt en de ernst
van het eczeem. Omdat AE een breed spectrum aan dermatologische manifestaties
kan hebben is het belangrijk om altijd een differentiële diagnose te overwegen. De
meest belangrijke differentiële diagnoses zijn andere vormen van eczeem. Daarnaast
bestaan er combinaties van eczeem zoals: atopisch en contactallergologisch eczeem.
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Diagnostic criteria
De laatste decennia zijn er verschillende sets van diagnostische criteria voorgesteld
om uniformiteit te brengen in het diagnostische proces van AE. De Hanifin en
Rajka criteria uit 1980 zijn de meest gebruikte criteria in klinische trials. De U.K.
diagnostische criteria zijn in 1994 voorgesteld als vereenvoudiging van de uitgebreide
Hanifin en Rajka criteria. Deze U.K. diagnostische criteria worden, ondanks
uitgebreide validatie, weinig gebruikt. In 1998 zijn de Millennium Criteria ontwikkeld.
Met allergeen-specifiek IgE als verplicht criterium zijn deze criteria in lijn met de
meest recente nomenclatuur van de World Allergy Organziation (WAO).
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Pathophysiologie
De oorzaak van AE blijft tot op heden onbekend. Interacties van genen, omgevingsfactoren, een defecte huidbarrière en immunologische factoren spelen een rol in
de pathogenese van AE. Er zijn twee hypothesen omtrent het mechanisme van AE.
De inside-outside hypothese is gebaseerd op de immunologische verstoring welke
resulteert in een IgE gemedieerde reactie met secundair een verstoring van de
huidbarrière. De outside-inside hypothese veronderstelt dat er een primaire dysfunctie
van de huidbarrière is, veroorzaakt door een intrinsiek defect van de epitheelcellen,
hetgeen leidt tot een toename van penetratie van allergenen met secundair IgE
sensibilisatie als gevolg. Recente studies omtrent filaggrine mutaties benadrukken de
veranderingen in de epidermis. AE blijft een complexe huidziekte en wellicht moeten
we onderscheid maken tussen twee groepen van onderliggende afwijkende genen:
genen die coderen voor de epidermis of andere eiwitstructuren in het epitheel en
genen die van belang zijn voor sturing van onderdelen van het immuunsysteem.
Behandeling
De behandeling van AE is een uitdaging. De basis van de behandeling van AE is
het verkrijgen van een optimale conditie van de huid: hydratatie, het gebruik van
emoliëntia, daarnaast het aantonen en vermijden van specifieke en niet-specifieke
uitlokkingsfactoren. De topicale therapie voor mild tot matig AE bestaat uit emoliëntia,
topicale corticosteroïden en immunomodulatoren. Voor ernstig AE bestaat de
behandeling vaak uit systemische immunosuppressieve therapie zoals systemische
corticosteroïden en cyclosporine. Data over het gebruik van mycophenolate
mofetil (Cellcept®), azathioprine (Imuran®), en intraveneuze immunoglobulinen
zijn tegenstrijdig. Voor de behandeling van patiënten met chronisch AE is UVB
fototherapie wereldwijd erkend als een effectieve behandelingsoptie. De ontwikkeling
van nieuwe, gerichte therapieën is nodig.

Samenvatting en conclusies

Impact
AE kan een significante impact hebben op de morbiditeit en kwaliteit van leven.
De laatste jaren is er veel aandacht besteed aan de kwaliteit van leven van patiënten
met AE. Recent is de levensloopvragenlijst ontwikkeld om inzicht te krijgen in de
levensloop van jongvolwassen patiënten met een chronische ziekte in de kinderjaren.
Inzicht en kennis over de impact van een chronische ziekte als AE is van groot
belang om als arts een optimale zorg en begeleiding te kunnen geven tijdens en na de
behandeling.

Hoofdstuk 2. Diagnostische criteria voor atopisch eczeem: een systematische
review
In dit hoofdstuk is het bewijs over de validiteit van de bestaande diagnostische criteria
voor AE verzameld. Alle data werden verzameld met een zoektocht door Medline,
Embase en Cochrane databases. Om de kwaliteit van de bestaande validatie artikelen
te beoordelen werd de Quality Assessment of Diagnostic Accuracy (QUADAS) tool
gebruikt.
Er bestaan tien sets van diagnostische criteria voor atopisch eczeem. Hiervan zijn
er 6 sets gevalideerd. Van de twintig artikelen die voldeden aan de inclusie criteria,
werden 27 validatie studies geïncludeerd in deze systematische review. Hiervan waren
er 2 studies die de Hanifin en Rajka criteria hebben gevalideerd. De sensitiviteit en
specificiteit varieerden respectievelijk van 87.9% tot 96.0% en van 77.6% tot 93.8%.
De negentien validatie studies van de U.K. diagnostische criteria lieten een variabele
sensitiviteit en specificiteit zien van respectievelijk 10% tot 100% en van 89.3% tot
99.1%. De 3 validatie studies van de Schultz-Larsen criteria lieten een sensitiviteit van
88% tot 94.4% en een specificiteit van 83.9% tot 87.0% zien. De enige validatie studie
van de Diepgen criteria had een sensitiviteit van 83.0% tot 87.8% en een specificiteit
van 83.9% tot 87.0%. De Kang en Tian criteria werden eenmalig gevalideerd met een
sensitiviteit en specificiteit van 95.5% en 100%, respectievelijk. Het artikel dat de
ISAAC criteria valideerde liet een positieve en negatieve voorspellende waarde zien
van 48.8% en 91.1%. Alle studies werden onafhankelijk beoordeeld met de QUADAS
tool. Hieruit bleek de kwaliteit van de studies sterk te variëren.
Conclusie
Met deze systematische review werden van de bestaande sets van criteria voor AE een
variërend aantal validatie studies gevonden. De methodologische kwaliteit van deze
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validatie studies was wisselend. Tot nu toe zijn de U.K. criteria het meest uitvoerig
gevalideerd.
Verbetering van de methodologische opzet voor validatie studies en uniformiteit
in goed gevalideerde en toepasbare diagnostische criteria zijn nodig om toekomstige
interventie studies uit te kunnen voeren en resultaten te kunnen vergelijken.
Hoofdstuk 3. Diagnostische criteria voor atopisch eczeem: validatie en vereenvoudiging van de Millennium Criteria
Ondanks de verschillende gevalideerde sets van diagnostische criteria voor atopisch
eczeem, is er een handzame en up-to-date set nodig. In dit hoofdstuk hebben we de
Millennium Criteria (MC) gevalidadeerd in een ziekenhuissetting. Daarnaast hebben
we deze set aangepast en vereenvoudigd tot een handzame set voor de praktijk.
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Met behulp van een prospectieve patiënt-gecontroleerde studie werden 122
AE patiënten en 79 controle-patiënten geïncludeerd. Patiënten werden door
onafhankelijke onderzoekers bekeken. De validiteit van de Millennium criteria werd
bepaald aan de hand van de gouden standaard. Door middel van logistische regressie
analyse werd de meest onderscheidende set gevormd. Daarop volgend, werd een
diagnostisch classificatiemodel gedefinieerd met behulp van een tree-analyse.
In deze studie hadden de MC een 100% sensitiviteit en 88.6% specificiteit. De
algemene uitvoerbaarheid van de MC was 88.6%. Uit de bestaande MC hebben we met
logistische regressie een subset kunnen vormen van 4 criteria: typische morfologie
en distributie, xerosis, pityriasis alba en chronisch of recidiverend beloop. Om het
diagnostisch proces van AE te vereenvoudigen hebben we vanuit deze 4 criteria een
classificatie boommodel ontworpen. Dit diagnostisch classificatiemodel liet een
sensitiviteit van 98.8% en een specificiteit van 88.6% zien.
Conclusie
Deze validatie studie suggereert dat de MC accuraat zijn voor de diagnose van AE.
De simplificatie van de MC tot een diagnostisch classificatie model laat zien dat naast
de aanwezigheid van allergeen-specifiek IgE en typische morfologie en distributie,
xerosis, pityriasis alba en chronisch of recidiverend beloop, essentieel zijn voor de
diagnose van AE.

Samenvatting en conclusies

Hoofdstuk 4. Klinische verschillen tussen atopisch en atopiform eczeem
Tot op heden bestaat er geen duidelijkheid of het “intrinsieke type” van AE, wat
wij benoemen als “atopiform ezceem”, een aparte entiteit is. Door middel van een
patiëntgecontroleerde studie hebben wij de klinische en diagnostische kenmerken
van atopisch en atopiform eczeem vergeleken.
Patiënten met een klinische diagnose van AE zonder aantoonbaar allergeenspecifiek
IgE in bloed of huid werden geselecteerd. Alle AE controles waren positief
voor allergeenspecifiek IgE. Anamnese, kwaliteit van leven, ziekte-ernst en de
diagnostische criteria van Hanifin en Rajka en de U.K. criteria werden bij alle patiënten
geëvalueerd.
Acht procent (n=34) van de geselecteerde patiënten hadden atopiform eczeem.
Kenmerkend voor het atopiform eczeem waren: vrouwelijke predominantie, ontbreken
van andere atopische aandoeningen, laat ontstaan van het eczeem en een mildere
ziekte-ernst. Significant minder aanwezige kenmerken van atopiform eczeem waren:
recidiverende conjunctivitis, palmaire hyperlineariteit, keratosis pilaris, pityriasis
alba en hand/voet eczeem. Het kenmerk Dennie-Morgan plooi was echter positief
geassocieerd met atopiform eczeem.
Conclusie
Naast de afwezigheid van allergeenspecifiek IgE wijzen onze bevindingen aan dat
atopiform eczeem een aparte entiteit is. Onderscheid tussen atopiform en atopisch
eczeem moet gemaakt worden om zo patiëntengroepen beter te definiëren en meer
homogeniteit te krijgen. Implicaties voor dit onderscheid zijn van belang voor het
geven van de juiste preventieve en therapeutische adviezen. Daarnaast is het belangrijk
voor het uitvoeren van toekomstige studies.
Hoofdstuk 5. Excimer laser versus clobetasol propionaat bij de prurigo vorm
van atopisch eczeem, een gerandomiseerde gecontroleerde trial
De XeCl excimer laser (EL) is in staat een hoge dosis smal-spectrum UVB nauwkeurig
op aangedane huid te richten. Daarmee is deze EL mogelijk een veelbelovende
therapie voor gelokaliseerd atopisch eczeem. Een gerandomiseerde links-rechts
gecontroleerde studie werd uitgevoerd om de effectivitieit en veiligheid van de EL
te onderzoeken. De excimer laser werd vergeleken met een klasse 4 corticosteroid:
clobetasol propionate.
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Dertien patiënten met de prurigo vorm van AE werden gerandomiseerd voor het
onderzoek. EL werd toegepast op een extremiteit, tweemaal per week versus
clobetason propionate, tweemaal per dag op de andere extremiteit. Behandelperiode
met de EL was 10 weken. De klinische respons werd geëvalueerd door het gebruik
van de Physician Assessment of Individual Signs (PAIS), gestandaardiseerde foto’s,
Physician Global Assessment (PGA) en Patient Global Assessment (PaGA). Daarnaast
werden biopten genomen om de histologische veranderingen te kunnen beoordelen.
Na het eind van de behandeling werden patienten na 1, 3 en 6 maanden gecontroleerd
om de lange-termijn effecten te kunnen beoordelen.
Beide behandelingen lieten een duidelijk significante verbetering zien van de
uitkomstparameters na 5 en 10 weken. Tijdens de follow-up periode toonde de met
de EL behandelde extremiteit duidelijk meer en landurigere verbetering ten opzichte
van de clobethasol propionate. Histopathologisch werd er een duidelijk sterke afname
van de dikte van de epidermis en van het onstekingsinfiltraat gezien ten gevolge van
de EL behandeling.
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Conclusie
Met deze studie werd aangetoond dat de XeCl excimer laser een effectieve en veilige
behandelingsoptie is voor patiënten met prurigo lesies bij AE. De EL geeft een meer
langdurige verbetering in vergelijking tot corticosteroïden.
Hoodfstuk 6. De levensloop van patiënten met AE gedurende de kinderjaren
Tot op heden bestaat er geen kennis op het gebied van de impact van AE gedurende
de kinderjaren. Deze periode kent leeftijd-specifieke ontwikkelingen zoals psychosociale en psycho-seksuele ontwikkeling. In dit hoofdstuk hebben wij de levensloop
van jongvolwassen patiënten met AE onderzocht en daarbij de ziektespecifieke
gevolgen. Daarnaast hebben we bekeken of de ernst van AE voorspellend zou zijn
voor verstoring van de levensloop, de ziekte-specifieke gevolgen en de huidige
kwaliteit van leven.
117 jongvolwassen patiënten (tussen 18 en 30 jaar) met AE doorgemaakt in hun jeugd
hebben voor dit onderzoek vragenlijsten ingevuld. Deze vragenlijsten bestonden uit:
algemene anamnese en voorgeschiedenis, de Skindex-29, de ´levensloop’ (Course of
life) vragenlijst en een subjectieve, ziektespecifieke vragenlijst.

Patiënten met ernstig AE in hun kinderjaren lieten een significante verstoring zien
in hun levensloop op het gebied van sociale ontwikkeling. De resultaten van de
ziektespecifieke vragenlijst toonde opvallend hoge percentages voor psychosociale
gevolgen en fysische klachten van AE tijdens hun jeugd. Een percentage van 48.7%
van de patiënten met AE had een sterk verminderde huidige kwaliteit van leven.
Conclusie
Dit is de eerste studie die levensloop met behulp van de ´Course of life´ vragenlijst
heeft onderzocht bij patiënten met AE. De ernst van AE is van invloed en belangrijk
voor het interpreteren van verstoringen van de levensloop, de ziektespecifieke
gevolgen en de kwaliteit van leven. Artsen, met name huisartsen en dermatologen,
zouden naast de fysieke aspecten belang moeten hechten aan de psychologische en
sociale gevolgen van AE. Met name in het geval van ernstig AE is begeleiding en
ondersteuning erg belangrijk.
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