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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.

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. 
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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 allergen-
specific 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. 

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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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 

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
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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)

Controls
(n=79)

Age, median (IQR) 23 (13.7/37.2) 50 (34/61.5)

Gender, N (%)

Male 34 (27.9) 30 (38.0)

Female 88 (72.1) 49 (62.0)

Skin type, N (%)

1 7 (5.8) 5 (6.3)

2-3 82 (67.2) 64 (81.0)

4-5 32 (26.2) 10 (12.7)

Scorad*, median (IQR) 22.7 (13.0/33.6) - -

Patient atopic history, N (%) 97 (79.5) 25 (33.8)

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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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 

Figure 1. Diagnosis of control subjects (n=79)
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Table 3. Statistical outcomes of the Millennium diagnostic criteria (N=201)

Prevalence
%

Sensitivity
%

Specificity
%

RV dOR1 95% CI Included
 for analysis2

Mandatory criterium

Presence of allergic specific IgE3 67.9 100 85.1 86.1 - - -

Principal criteria 

Pruritus 97.0 100 7.6 7.6 - - -

Typical morphology and distribution 62.7 95.9 88.6 73.6 250.0 71.4-1000 +

Chronic or relapsing course 94.0 98.4 12.7 11.1 4.9 0.82-29.4 +

Additional criteria

Xerosis 79.1 95.1 45.6 40.7 32.3 100-10.5 +

Ichtyosis 36.3 32.0 74.7 6.7 3.4 1.4-8.3 +

Tendency non-specific hand/foot eczema 36.3 31.1 55.7 13.2 0.9 0.4-1.8 -

Nipple eczema 26.4 36.9 89.9 26.8 12.7 4.3-37.0 +

Cheilitis 31.3 36.9 77.2 14.1 2.3 1.0-5.0 -

Dennie-Morgan fold 14.9 19.7 92.4 12.1 3.3 0.9-12.1 +

Orbital darkening 14.4 16.4 88.6 5.0 1.3 0.5-3.8 -

Facial palor 22.9 18.0 69.6 -12.4 0.8 0.4-1.7 -

Pityriasis alba 52.7 77.9 86.1 64.0 29.4 11.0-76.9 +

Anterior neck folds 21.9 22.1 78.5 0.6 0.7 0.3-1.7 -

Itch when sweating 66.7 83.6 59.5 43.1 11.1 4.8-25.6 +

Intolerance to wool and lipid solvents 39.3 41.0 63.3 4.3 1.9 0.9-3.8 -

Perifollucular accentuation 9.0 6.6 87.3 -6.1 0.3 0.1-0.8 -

Cradle cap3 24.9 37.7 94.9 32.6 9.2 2.5-34.4 -

Palmar hyperlinearity 22.9 23.8 78.5 2.3 1.1 0.5-2.4 -

Keratosis pilaris 20.9 22.1 81.0 3.1 0.8 0.4-1.9 -

Perleche 26.4 33.6 84.8 18.4 2.1 1.0-4.8 -

Auricular rhagades 30.8 44.3 89.9 34.2 11.0 3.6-34.5 +

Hertoghe sign 1.5 0.8 97.5 -1.7 0.4 0.03-7.5 -

Photophobia 3.0 3.3 97.5 0.8 1.6 0.2-12.1 -

Anterior subscapular cataract NA NA NA 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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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;

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 allergen-
specific 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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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. 

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 

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.

Figure 2. Diagnostic tree model: a procedure for diagnosing AD, following adjusted set of the 
Millennium Criteria.
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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 allergen-
specific 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 one-
year 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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