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Summary

Background Atopic dermatitis (AD) has a wide spectrum of dermatological manifes-
tations and despite various validated sets of diagnostic criteria that have been
developed over the past 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 searches on Medline, Embase
and Cochrane databases. The Quality Assessment of Diagnostic Accuracy tool
(QUADAS) was used. Results are presented in a receiver operating characteristic
(ROC) plot.
Results Out of the 20 articles that met the criteria, 27 validation studies were iden-
tified. In two studies concerning Hanifin and Rajka diagnostic criteria sensitivity
and specificity ranged from 87Æ9% to 96Æ0% and from 77Æ6% to 93Æ8%, respec-
tively. Nineteen validation studies of the U.K. diagnostic criteria showed sensitiv-
ity and specificity ranging from 10% to 100% and 89Æ3% to 99Æ1%, respectively.
Three validation studies concerning the Schultz-Larsen criteria showed sensitivity
from 88% to 94Æ4% and specificity from 77Æ6% to 95Æ9%. In one article concern-
ing the criteria of Diepgen, the sensitivity ranged from 83Æ0% to 87Æ7% and the
specificity from 83Æ9% to 87Æ0%. One article studied the Kang and Tian cri-
teria and reported 95Æ5% sensitivity and 100% specificity. One article validat-
ing the International Study of Asthma and Allergies in Childhood (ISAAC)
criteria showed a positive and negative predictive value of 48Æ8% and 91Æ1%,
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. How-
ever, improvement of methodological design for validation studies and unifor-
mity in well-validated and applicable diagnostic criteria are needed to improve
future intervention studies and to compare study results.

Atopic dermatitis (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, aetiological, epidemi-

ological, diagnostic and therapeutic studies depend on estab-

lishing reliable and valid diagnostic criteria. During the past

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 lack-

ing. 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.
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Methods

Inclusion and exclusion criteria

Randomized controlled trials, and case–control, cross-sectional

and cohort studies that validated one or more of the diagnos-

tic 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 (PPV) or nega-

tive predictive value (NPV) or had the possibility for calculat-

ing these outcome measures.

Excluded were studies in which: (i) the complete set of

diagnostic criteria was not considered (e.g. only the major or

the minor criteria of the Hanifin and Rajka criteria); (ii) the

U.K. diagnostic criteria were positive if pruritus plus two, pru-

ritus plus four, or pruritus plus five of the additional criteria

were fulfilled, because the general recommended format by

Williams et al.8 for use in epidemiological studies requires pru-

ritus plus three or more other features; (iii) parents qualified

the presence of AD in their children by self-reporting ques-

tionnaires.

No restrictions were imposed with regard to the reference

standards used. In addition, no restrictions were used for age,

sex and skin type of the subjects. Language of the studies was

not a limitation.

Literature search

A literature search was carried out between March and

June 2007 on 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 fur-

ther 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 diag-

nostic criteria were selected by one author (M.S.) for rele-

vance. 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.

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 ele-

ments 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 con-

trols, a No was scored. The reference standard likely to classify

AD correctly is the clinical diagnosis by an experienced der-

matologist. 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 it was shorter than

2 weeks (item 4). Because of lack of relevance, item 12 (Were

the same clinical data available when test results were inter-

preted as would be available when the test is used in prac-

tice?) was omitted. As the clinical diagnosis of AD as the

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

Table 1 Diagnostic criteria for atopic
dermatitis Criteria list Requirements (number of 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)

ISAAC, International Study of Asthma and Allergies in Childhood.
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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 char-

acteristics included index test, reference standard, study

design, setting, study population, number of participants,

prevalence, country and data on translation. In case of transla-

tion of the criteria, we examined if the translation was verified

Table 2 Search strategy for Medline and Embase databases

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

occurrence[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

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 ⁄)
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.

Table 2 (Continued)

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. 23 or 24 or 27

29. 10 and 22 and 28
30. 7 or 15 or 17 or 21 or 29
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by back translation. For studies carried out in nonnative-

English speaking countries that did not describe their transla-

tions, we scored the translation as ‘not reported’. Data with

respect to the outcome measurements (sensitivity, specificity,

positive and negative predictive value) were extracted. All

calculations were verified by recalculation.

Results

Results of the literature search

Figure 1 summarizes the selection process for studies on diag-

nostic 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. Ref-

erence searching yielded three additional publications.7,17,18

The search for articles written by the designers of the diagnos-

tic criteria yielded no additional articles. No additional articles

were found on the Cochrane databases. Of the initial 47

selected articles 27 publications were excluded. Of these,

nine studies concerned the development of diagnostic cri-

teria,2,3,6,10,19–23 six studies considered only the minor or the

major criteria of the Hanifin and Rajka criteria,24–29 nine stud-

ies did not correspond with the outcome measurements5,30–37

and three studies proved to be not relevant.17,38,39

Study description

Twenty articles, published between 1994 and 2007 were

included in this review. Of the included articles, nine studies

were hospital based,3,8,40–46 12 studies were population

based18,32,47–56 and one study was both hospital and popula-

tion based.57 Of all 27 validation studies, 18 were indepen-

dent studies from centres with no conflict of interest.

Reference standards used were the clinical diagnosis by a der-

matologist, 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 subresearch on the validation of the

diagnostic criteria used.32,43,50,52,53 Question-only based for-

mats 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 studies,18,40,42,44–57 Schultz-

Larsen criteria and the Hanifin and Rajka diagnostic criteria

were each validated in two studies,40,43,45,57 and the Kang

and Tian, the International Study of Asthma and Allergies in

Childhood (ISAAC) and the criteria of Diepgen in one study

each.3,9,51 Only the U.K. diagnostic criteria are frequently

validated both in hospital- and population-based settings.

Williams et al. performed three validation studies in a hospital-

based setting, all described in one article.45 Seaki et al. per-

formed two validation studies in one article56 and Diepgen

et al. validated three different sets of criteria.3 The Millennium

criteria, Danish Allergy Research Centre (DARC) criteria,

Table 3 The Quality Assessment of Diagnostic Accuracy tool
(QUADAS) by Whiting et al. (2004)12

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?

Fig 1. Flowchart summarizing the selection process for studies on

diagnostic criteria for atopic dermatitis.
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Lillehammer criteria and Japanese Dermatology Association

criteria were not validated.2,5,7

The methodological 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. Only one study scored a No for

item 8 (Was the execution of the index test described in suffi-

cient 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

three studies. Only three studies scored a Yes for item 13

(Were uninterpretable ⁄ intermediate test results reported?).

Total percentages of Yes per item of rest of the items fluctu-

ated 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 sensi-

tivity ranged from 87Æ9% to 96Æ0%, specificity from 77Æ6% to

93Æ8%.45,57 With respect to the hospital-based studies validat-

ing the U.K. diagnostic criteria the sensitivity ranged from 10%

to 95Æ5% and specificity from 90Æ4% to 98Æ3%.8,41,42,44–46

The hospital-based study by Firooz et al. showed a remarkably

low sensitivity of 10%.41 For studies validating the U.K.

diagnostic criteria in a population-based setting sensitivity

ranged from 42Æ8% to 100% and specificity from 89Æ3% to

99Æ1%.18,47–56 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 crite-

ria were evaluated for hospital- and population-based settings

in two studies, the sensitivity and specificity ranged from 88%

to 94Æ4% and from 77Æ6% to 95Æ9%, respectively.43,57 Refer-

ence standards used in these studies were the clinical diagnosis

and the Hanifin and Rajka diagnostic criteria. The Kang and

Tian criteria resulted in 95Æ5% sensitivity and 100% specificity

when compared with the Hanifin and Rajka diagnostic crite-

ria.9 The ISAAC questionnaire showed a PPV of 48Æ8% and

a NPV of 91Æ1%.51 Sensitivity and specificity of the three

Table 5 Qualitative outcomes of validated diagnostic criteria by the Quality Assessment of Diagnostic Accuracy tool (QUADAS)

Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 8 Item 9 Item 10 Item 11 Item 13 Item 14

U.K. diagnostic criteria

Williams et al. (1994) I Y Y Y Y Y Y Y Y Y Y N Y
Williams et al. (1994) II Y N Y Y Y Y Y Y Y Y N Y

Williams et al. (1994) III Y Y Y Y Y Y Y Y Y Y N Y
Williams et al. (1996) Y Y Y Y Y Y Y Y Y Y Y Y

Ortiz de Frutos et al. (1998) Y Y Y N Y Y Y Y Y Y N N
Popescu et al. (1998) Y Y Y Y Y Y Y Y Y Y N Y

Möhrenschlager et al. (1998) Y Y Y N N Y Y Y Y Y N N
Firooz et al. (1999) Y Y Y N Y Y Y Y Y Y N N

Marks et al. (1999) Y Y Y Y Y Y Y Y U U N Y
Gu et al.(2001) Y Y N U Y Y Y N U U N N

Olesen et al. (2001) N Y Y U Y Y Y Y U U N N
Fleming et al. (2001) Y N N N Y Y Y Y Y Y N Y

Ortiz et al. (2003) Y Y Y Y Y Y N N Y Y N Y
Girolomoni et al. (2003) Y Y Y Y Y Y Y Y N N N N

Hamada et al. (2005) Y Y Y U Y Y Y Y N U Y Y

Haileamlak et al. (2005) Y Y Y N Y Y Y Y U Y N N
De et al. (2006) Y Y Y U Y Y Y Y U U N N

Chalmers et al. (2006) Y Y Y N Y Y Y Y U Y N N
Saeki et al. (2007) Y N N Y Y Y Y Y Y Y N N

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

De et al. (2006) Y Y Y U Y Y Y Y U U N N
Schultz-Larsen criteria

Schultz Larsen et al. (1996) N Y N U U U Y Y U U N N
Laughter et al. (2000) N Y Y N N Y Y Y Y Y N N

Diepgen criteria
Diepgen et al. (1996) Y Y Y U Y Y Y N U U Y N

ISAAC criteria
Haileamlak et al. (2005) Y Y Y N Y Y Y Y U Y N N

Kang and Tian criteria
Gu et al.(2001) Y Y N U Y Y Y N U U N N

Y, yes; N, no; U, unclear.
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validated sets of diagnostic criteria of Diepgen ranged from

83Æ0% to 87Æ7% and from 83Æ9% to 87Æ0%, respectively.3

Detailed information on the outcomes is presented in Tables 6

and 7. An overview of the varying sensitivity and specificity

of the various diagnostic criteria are presented in ROC plots

(Figs 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 analysed validation studies of various sets of diagnostic

criteria for AD. Overall, sensitivity and specificity ranged from

10% to 95% and from 77Æ6% to 100%, respectively, in hospi-

tal-based studies and from 42Æ8% to 100% and from 44Æ7% to

96Æ6%, respectively, in the population-based studies.

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 con-

duct investigative studies.4 The four major and 23 minor

criteria were based on consensus between experienced

dermatologists without objective clinical validation. As many

criteria are involved and some clear definitions of items are

missing, studies choose to exclude minor features (e.g. imme-

diate 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, and the question

remains whether or not they are applied in an appropriate

way. Their suitability in hospital-based studies has not been

guaranteed. No validation studies for these criteria were found

between 1980 and 1993, and only two validations were pub-

lished in 1994 and 2006. Although indicating varying speci-

ficities, the validity in these two hospital-based studies showed

good outcomes.40,45

Later, in 1989, Kang and Tian developed a new set of cri-

teria specially designed for the Chinese population.9 By evalu-

ating the Kang and Tian criteria with the Hanifin and Rajka

diagnostic criteria as the reference standard, Gu et al. created a

gold standard bias as the Kang and Tian are partly based on

the Hanifin and Rajka criteria.42

ISAAC was founded to maximize the value of epidemi-

ological research into AD and other allergic diseases, by facili-

tating international collaboration in 1991.1 As the ISAAC

questionnaire is primarily used to assess prevalences, studies

validating the ISAAC questionnaire often use a prevalence esti-

mate as the 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 crite-

ria on the diagnosis of AD by means of discussion: the Japa-

nese 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. How-

ever, these criteria were used as a reference standard in several

studies.52,56

The Schultz-Larsen criteria were introduced by Schultz Lar-

sen 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 (13Æ2%) with possible AD

and therefore the 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 pro-

posed by Schultz Larsen, Diepgen and Svensson.7 No studies

were found validating or using these criteria.

Around the same time, Diepgen developed and validated

another three lists of diagnostic criteria: an objective model

(without subjective features), a simplistic model (without lab-

oratory measures and subjective features) and a model without

constraints.3 These lists showed corresponding results in a val-

idation study, but none of the lists were subsequently used in

published studies as far as we have been able to detect in the

literature.

In 1997, the U.K. diagnostic criteria were introduced by

Williams et al. as a refinement of Hanifin and Rajka’s diagnos-

tic 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 epidemiological 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 fulfilment of the criteria by itch plus three

criteria is recommended, studies also validated cut-off points

of two, four or five criteria.40,41,44,45,48,55 Seven of the 19

U.K. validation studies were independent studies from centres

with no conflicts of interest. Unlike the five other hospital-

based studies with corresponding validity, the independent

Iranian study of Firooz et al. showed a remarkably low sensi-

tivity (10%).41 This might be due to international differences

in clinical phenotype, environmental factors and observation

bias.58 Although specificity showed uniformity, sensitivity

fluctuated in the population-based studies. The lower sensitivi-

ties 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 of diverse

cultural, socioeconomic and language settings might explain

the low sensitivity of 43Æ7% shown 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 pri-

marily used to diagnose AD in infants and were specially

developed for the study of Johnke et al. in 2005.5 They com-

pared the U.K., Hanifin and Rajka, Schultz-Larsen and DARC
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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 patho-

genesis 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 ful-

filled. No study has yet validated these criteria.

We collected all relevant articles concerning the validation

of diagnostic criteria by an extensive systematic search. How-

ever, 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 wereT
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Fig 2. Receiver operating characteristics plot for hospital-based

studies. H&R, Hanifin and Rajka diagnostic criteria; K&T, Kang & Tian

diagnostic criteria; SL, Schultz-Larsen criteria; U.K., U.K. diagnostic

criteria.

Fig 3. Receiver operating characteristics plot for population-based

studies. U.K., U.K. diagnostic criteria; SL, Schultz-Larsen criteria.
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applied in prevalence studies, which were not taken into

account. Of the validation studies included, only the U.K.

diagnostic criteria were tested for repeatability. Assuming that

a high accuracy corresponds with a good repeatability, evalu-

ation 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) Dif-

ferences in study characteristics lead to inconsistent study out-

comes. In particular, differences in age might be an important

issue, as 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

might be a point of discussion, as uniformity is not guaran-

teed in such a diagnostic process of AD. If the clinical diagno-

sis relies on one person, the validation study might be

affected. With a panel of experts diagnosing AD, the problem

could be partly solved. (iii) Most studies used point preva-

lence 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 crite-

ria showed more optimistic outcomes as illustrated by Wil-

liams et al.55 and Saeki et al.56 Applying diagnostic criteria over

a 1-year period or a lifetime might have reduced false nega-

tives due to decreased disease activity during a single examina-

tion. (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 ‘visi-

ble 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

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.3,40–42,50,57 In addition to these translation issues,

cultural issues such as 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 investi-

gated show differing methodological strengths as illustrated by

the QUADAS tool. Interpreting methodological quality by

using the QUADAS tool raised several issues. Although selec-

tion criteria, reference standards and index tests 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 con-

sidered too long to be reasonably sure that the course of AD

did not fluctuate. Approximately half the studies showed a lack

of blinding. As the current diagnostic criteria are based on clin-

ical 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.59,60

With regard to all the included validation studies, the U.K.

diagnostic criteria have been validated the most, both in hospi-

tal- and in population-based settings. Unlike the other criteria,

this scientifically derived, minimum list of criteria has been

shown 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 stud-

ies, but they have not been investigated enough to consider

them applicable for epidemiological as well as clinical trials.

Unlike the Schulz-Larzen, Diepgen, Kang and Tian and ISAAC

criteria, which have been validated only once or twice, other

existing criteria such as the Lillehammer, Japanese Dermatology

Association, Millennium and DARC have not yet been vali-

dated. In addition, independence of validation studies is an

important issue. Only the U.K. criteria have been validated

more than once, independently, without conflict of interest.

Validation studies of the other diagnostic criteria should be

performed independently to give a 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.61–63 There is an increasing need for consensus in

nomenclature and reconsideration of the diagnostic criteria

of AD.

In conclusion, in this systematic review, six validated sets of

diagnostic criteria for AD and a total of 27 validation studies

were found. In the included studies, the methodological qual-

ity varied substantially. For future validation studies improve-

ment of the methodological design is recommended following

a clear guideline such as 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.

Acknowledgments

We thank C.E.J.M. Limpens, PhD, for her assistance in the

literature search strategy.

References

1 Asher MI, Keil U, Anderson HR et al. International Study of Asthma

and Allergies in Childhood (ISAAC): rationale and methods.
Eur Respir J 1995; 8:483–91.

2 Bos JD, Van Leent EJ, Sillevis Smitt JH. The millennium criteria for
the diagnosis of atopic dermatitis. Exp Dermatol 1998; 7:132–8.

3 Diepgen TL, Sauerbrei W, Fartasch M. Development and validation
of diagnostic scores for atopic dermatitis incorporating criteria of

data quality and practical usefulness. J Clin Epidemiol 1996;
49:1031–8.

4 Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta
Derm Venereol Suppl (Stockh) 1980; 92:44–7.

� 2008 The Authors

Journal Compilation � 2008 British Association of Dermatologists • British Journal of Dermatology 2008 158, pp754–765

Diagnostic criteria for atopic dermatitis, E.E.A. Brenninkmeijer et al. 763



5 Johnke H, Vach W, Norberg LA et al. A comparison between cri-
teria for diagnosing atopic eczema in infants. Br J Dermatol 2005;

153:352–8.
6 Schultz Larsen F, Hanifin JM. Secular change in the occurrence of

atopic dermatitis. Acta Derm Venereol Suppl (Stockh) 1992; 176:7–12.
7 Schultz Larsen F, Diepgen T, Svensson A. Clinical criteria in diag-

nosing atopic dermatitis: the Lillehammer criteria 1994. Acta Derm
Venereol Suppl (Stockh) 1996; 96:115–19.

8 Williams HC, Burney PG, Hay RJ et al. The U.K. Working Party’s
Diagnostic Criteria for Atopic Dermatitis. I. Derivation of a mini-

mum set of discriminators for atopic dermatitis. Br J Dermatol 1994;

131:383–96.
9 Kang KF, Tian RM. Criteria for atopic dermatitis in a Chinese

population. Acta Derm Venereol Suppl (Stockh) 1989; 144:26–7.
10 Tagami H. Japanese Dermatology Association criteria for the diag-

nosis of atopic dermatitis. J Dermatol 1995; 22:966–7.
11 Roguedas AM, Machet L, Fontes V et al. Atopic dermatitis: which

are the diagnostic criteria used in medical literature? [In French]
Ann Dermatol Venereol 2004; 131:161–4.

12 Whiting P, Rutjes AW, Reitsma JB et al. The development of QUA-
DAS: a tool for the quality assessment of studies of diagnostic

accuracy included in systematic reviews. BMC Med Res Methodol 2003;
3:25.

13 Whiting P, Rutjes AW, Dinnes J et al. Development and validation
of methods for assessing the quality of diagnostic accuracy studies.

Health Technol Assess 2004; 8:iii, 1–234.
14 Whiting PF, Weswood ME, Rutjes AW et al. Evaluation of QUA-

DAS, a tool for the quality assessment of diagnostic accuracy stud-
ies. BMC Med Res Methodol 2006; 6:9.

15 Juni P, Witschi A, Bloch R et al. The hazards of scoring the qual-
ity of clinical trials for meta-analysis. JAMA 1999; 282:1054–

60.
16 Whiting P, Harbord R, Kleijnen J. No role for quality scores in sys-

tematic reviews of diagnostic accuracy studies. BMC Med Res Methodol
2005; 5:19.

17 Foley P, Zuo Y, Plunkett A et al. The frequency of common skin
conditions in preschool-age children in Australia: atopic dermatitis.

Arch Dermatol 2001; 137:293–300.
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