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A systematic review and meta-analysis of
the regional and age-related differences

in atopic dermatitis
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Background: Previous studies found conflicting results about the commonality of different atopic
dermatitis (AD) signs and symptoms.
Objective: To determine the prevalences of AD characteristics and differences by region and age.
Methods: A systematic review was performed of all published studies in MEDLINE, EMBASE, SCOPUS,
LILACS, Cochrane, China National Knowledge Infrastructure, Taiwan Electronic Periodical Services, and
CiNii that analyzed the proportion of AD characteristics. Two reviewers performed a review study titles
and/or abstracts and data abstraction.
Results: In all, 101 studies reported proportion of AD features with sufficient data for meta-analysis. The
most prevalent AD features were pruritus, lichenification, and xerosis. There were differences in AD
characteristics by study region. Flexural involvement was less commonly reported in India, the Americas,
and Iran. Studies from East Asian reported more erythroderma and truncal, extensor, scalp, and auricular
involvement. Studies from Southeast Asia reported more exudative eczema, truncal involvement,
lichenification, and prurigo nodularis. Studies from Iran reported more head, face, and neck involvement;
pityriasis alba; and xerosis. Studies from Africa reported more papular lichenoid lesions, palmar
hyperlinearity, ichthyosis, and orbital darkening.
Limitations: Heterogeneity between studies and limited reporting of certain AD clinical characteristics.
Conclusions: AD characteristics are heterogeneous and vary by region and age. ( J Am Acad Dermatol
2019;80:390-401.)

Key words: atopic dermatitis; diagnostic criteria; eczema; epidemiology; meta-analysis; phenotype;
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Atopic dermatitis (AD) is a chronic inflammatory
skin disease with significant patient and population
burden,1 affecting 5% to 20% of children and 2% to
10% of adults worldwide.2-5 The prevalence and
incidence of AD vary widely between different
geographic regions3 owing to different underlying
genetics and environmental factors.
CAPSULE SUMMARY

d This study identified considerable
heterogeneity of atopic dermatitis, with
78 different signs and symptoms
identified, as well as notable differences
by study region and age group.

d These phenotypic differences should be
incorporated into the diagnosis and
severity assessment of patients with
atopic dermatitis.
Patients with AD display
different clinical presenta-
tions depending on age,6-8

ethnicity,9 and the underly-
ing biologic mechanisms.10

To properly diagnose AD,
clinicians should be cogni-
zant of phenotypic differ-
ences. Previous studies have
found conflicting results
about the commonality of
different AD signs and symp-
toms across regions and
ages. In this study, we
evaluated, quantified, and

compared the prevalence of AD characteristics
across regions and ages.

METHODS
Literature search

A systematic review and meta-analysis of all
studies that evaluated the prevalences of clinical
features of AD in various populations was planned a
priori. The following databases were searched
for articles up to February 15, 2018: Medline
(1910-2018), Embase (1973-2018), Scopus (1908-
2018), LILACS (1981-2018), Cochrane (2004-2018),
China National Knowledge Infrastructure (1984-
2018), Taiwan Electronic Periodical Services
(1969-2018) and CiNii (a Japanese database
maintained by the National Institute of Informatics,
Japan) (1961-2018). The search strategy was
modified from a previous Cochrane review of AD11

to also include a number of search terms related to
AD phenotypes (Table I).

The inclusion criteria were cross-sectional, case-
control, or cohort study design; analysis and suffi-
cient reporting of the prevalence of clinical features
of AD; outpatient or general population; article in
any language; and article published online, in print,
or in press. Clinical trials were excluded. Title and
abstract review was performed independently by 2
reviewers, with conflicts resolved by discussion.
Additional studies were identified from manual
searches of references in retrieved articles. Foreign
language articles in East Asian languages (Chinese,
Japanese, and/or Korean) were interpreted by study
teammembers proficient in these languages. Articles
in European languages were translated with Google
Translate. If data were duplicated in multiple studies,
the most recent and complete study was included.
This study was exempt from institutional review
board approval, as data were gathered from
published literature.
Data extraction
Data extraction was

performed by 2 reviewers
and included study year,
country, design, participant
age range, sample size, fre-
quency of clinical features,
and method used to diag-
nose AD. AD features were
first identified by using
diagnostic criteria and then
expanded by using features
reported across studies. The
study regions included the
Americas, Europe, Australia,
and Africa. Asia was subdivided into East Asia (EA)
(China, Japan, and Korea), Southeast Asia (SEA)
(Singapore and Thailand), India, and Iran owing to
the disparate genetic backgrounds, ethnicities, and
environments of residents of these regions.

Meta-analysis
Few studies provided 95% confidence intervals

(CIs) for prevalence. Standard error was calculated
for each study by assuming prevalence as a Bernoulli
random variable ( p), with variance being equal to
p(1 e p).12 Random-effects models of DerSimonian
and Laird were used to estimate pooled prevalences
of AD characteristics,13 owing to heterogeneity
between studies (I2[ 25%).14 Prevalences and 95%
CIs were presented in forest plots. Random-effects
meta-regression and stratified meta-analysis were
performed to compare the prevalences of features
of AD by region and age group. A 2-sided P value less
than .05 was considered statistically significant.
Statistical analyses were performed using STATA
software (version 13.0, StataCorp, College Station,
TX).

RESULTS
Search results

Overall, 9208 nonduplicate citations were
identified in the database search and 49 additional
records were identified through references; 9050
and 28 were excluded during title/abstract and
full-text review, respectively. In all, 130 studies met
the inclusion/exclusion criteria and were included in
the systematic review; 101 had sufficient data for



Table I. Search strategy

Ovid (Medline) (n = 4175 articles)
1. exp Dermatitis/; 2. dermatitis.ti,ab.; 3. exp Eczema/;
4. eczema.ti,ab.; 5. exp Neurodermatitis/;
6. neurodermatitis.ti,ab.; 7. exp Dermatitis, Atopic/;
8. Besnier’s prurigo.mp; 9. or/1-8; 10. Phenotyp*.ti,ab.;
11. Morpholog*.ti,ab.; 12. distribu*.ti,ab.; 13. or/10-12;
14. exp animals/ not humans.sh.; 15. 9 and 13 not 14

Embase (n = 3035 articles)
(phenotyp* OR morpholog* OR distribu*) AND (’atopic
dermatitis’/exp OR ’atopic dermatitis’ OR ’eczema’/exp
OR ’eczema’ OR ’childhood’/exp OR childhood AND
(’eczema’/exp OR eczema) OR ’infant’/exp OR infant AND
(’eczema’/exp OR eczema) OR ’neurodermatitis’/exp OR
’neurodermatitis’ OR ’prurigo’/exp OR ’prurigo’)

Abbreviations used:

AD: atopic dermatitis
CI: confidence interval
EA: East Asia
SEA: Southeast Asia
UKWP: United Kingdom Working Party
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meta-analysis, as outlined in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses15

diagram (Fig 1). A total of 14 non-English articles
were included (Chinese [n = 5], Japanese [n = 1],
Korean [n = 4], German [n = 2], Italian [n = 1], and
Polish [n = 1]).
Cochrane
1. exp Dermatitis/; 2. dermatitis.ti,ab.; 3. exp Eczema/;
4. eczema.ti,ab.; 5. exp Neurodermatitis/;
6. neurodermatitis.ti,ab.; 7. exp Dermatitis, Atopic/;
8. Besnier’s prurigo.mp; 9. or/1-8; 10. Phenotyp*.ti,ab.;
11. Morpholog*.ti,ab.; 12. distribu*.ti,ab.; 13. or/10-12;
14. exp animals/ not humans.sh.; 15. 9 and 13 not 14

Scopus (n = 3508 articles)
(TITLE-ABS-KEY ("dermatitis") OR TITLE-ABS-KEY ("eczema")
OR TITLE-ABS-KEY ("neurodermatitis") OR TITLE-ABS-KEY
("atopic dermatitis")) AND (TITLE-ABS ("phenotyp*") OR
TITLE-ABS ("morpholog*") OR TITLE-ABS ("distribu*"))
AND NOT (animals OR rabbits OR rats OR primates OR
dogs OR cats OR swine OR "in vitro")

LILACS (n = 151 articles)
(TW:dermatitis OR TW:eczema OR TW:neurodermatitis OR
TW: "atopic dermatitis") AND (TW:phenotyp$ OR
TW:morpholog$ OR TW:distribu$) AND NOT (MH:animals
OR MH:rabbits OR MH:rats OR MH:primates OR MH:dogs
OR MH:cats OR MH:swine OR PT:"in vitro")

CNKI (n = 5564 articles)
(KY = "湿疹" OR KY = "特应性皮炎" OR KY = "儿童湿疹" OR
KY = "婴儿湿疹" OR KY = "神经性皮炎 "OR KY = "痒疹")
AND FT = ‘‘特征‘‘1‘‘分布’’1‘‘症状’’

Taiwan Electronic Periodical Services (n = 549 articles)
[ALL]:湿疹 OR [ALL]:特應性皮炎 OR [ALL]:兒童濕疹 OR
[ALL]:嬰兒濕疹 OR [ALL]:神經性皮炎 OR [ALL]:癢疹

CNKI, Chinese National Knowledge Infrastructure.
Study characteristics
The 101 observational studies were published

from 1984 to 2017.7,16-116 Of these 101 studies, 39
(38.6%) were prospective cohort studies, 10 (9.9%)
were retrospective cohort studies, 22 (21.8%) were
case-control studies, and 30 (29.7%) were cross-
sectional studies. Funding was reported in 36 studies
(35.6%), with 6 (16.7%) funded federally, 18 (50.0%)
funded by a foundation, 3 (8.3%) funded federally
and by a foundation, 1 (2.8%) funded federally and
by a hospital, 5 (13.9%) funded by a hospital, 1
(2.8%) funded by a pharmaceutical company, and 2
(5.6%) unfunded.

The 101 studies were conducted across 28 coun-
tries, including 29 (28.7%) in EA, 48 (47.5%) in
Europe, 4 (4.0%) in SEA, 6 (5.9 %) in India and Iran
(all Middle Eastern studies were from Iran), 8 (7.9%)
in the Americas, and 7 (6.9%) in Africa and Australia.
Thirty-six studies (35.6%) were performed in adults,
38 (37.6%) in children/adolescents, and 27 (26.7%) in
both age groups. In total, 105 cohorts were available
for meta-analysis by age group. Race/ethnicity was
reported in 41 studies (40.6%), with only 4 (4.0%)
reporting inclusion of any black subjects.

AD was diagnosed clinically in most studies
(n = 78 [77.2%]), most commonly by using the
Hanifin and Rajka diagnostic criteria (n = 44
[43.6%]), followed by the United Kingdom Working
Party (UKWP) diagnostic criteria (n = 17 [16.8%])
(Table II). Diagnoses of AD was also identified by
using diagnostic codes from review of health records
(n = 14 [13.9%]) and questionnaire responses (n = 9
[8.9%]).
Pooled prevalence of AD features
Pooled meta-analysis of the proportion of AD

features was determined by using random-effects
weighting owing to heterogeneity (I2 = 38.9%-
99.0%). The most prevalent AD features were
pruritus (32 studies [pooled prevalence, 94.0%; 95%
CI, 93.1%-94.9%]) and xerosis (53 studies [pooled
prevalence, 73.3%; 95% CI, 68.5%-78.0%]) (Fig 2).
Other common clinical features included lichen-
ification (7 studies [pooled prevalence, 65.8%; 95%
CI, 37.7%-93.9%]), course influenced by emotional
and/or environmental factors (7 studies [pooled
prevalence, 59.6%; 95% CI, 43.9%-75.3%]), flexural
involvement (44 studies [pooled prevalence, 58.2%;
95% CI, 49.4%-67.0%]), early onset of disease (20
studies [pooled prevalence, 56.8%; 95% CI, 36.0%-
77.6%]), and worsening of itch with sweating (25
studies [pooled prevalence, 55.3%; 95% CI, 43.1%-



Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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67.6%]). Interestingly, diaper dermatitis was reported
in a substantial minority of pediatric patients (5
studies [pooled prevalence, 12.8%; 95% CI, 7.2%-
18.3%]).

Regional differences in AD characteristics
Xerosis was among the top 5 most commonly

reported AD features in all regions, except SEA
(62.3% [95% CI, 54.9%-69.7%]). Pruritus was reported
in more than 90% of subjects in studies from EA, SEA,
the Americas, and Australia, though it was not
reported in India.

There were notable differences in AD features by
study region. Flexural involvement was reported
most commonly in Australia, followed by in Africa,
SEA, EA, India, and Europe, and less commonly in
the Americas and Iran. Extensor involvement was
most commonly reported in India, followed by in EA
and Iran. Head, face, and neck involvement was
reported most commonly in Iran, Africa, and the
Americas, followed by in Australia, EA, Europe, and
India, and least commonly in SEA. Dennie-Morgan
fold was reported most commonly in India, followed
by in Europe and Africa and less commonly in Iran,
the Americas, SEA, and EA.

Early-onset disease was reported most commonly
in SEA and India, but to a lesser extent in Europe and
EA. Interestingly, itch was reported to worsen with
sweating similarly in SEA, the Americas, EA, Europe,
and India, but to a lesser extent in Africa and least
commonly in Iran.

The most commonly reported AD features also
included immediate skin reactivity in the Americas
and SEA; recurrent conjunctivitis in the Americas;
exudative eczema in SEA; pityriasis alba and palmar
hyperlinearity in Iran; and orbital darkening, papular



Table II. Regional differences in diagnostic criteria used in studies

Region Country

Frequency

of studies

Diagnostic criteria
Diagnostic

codes/clinic

records

Self-reported/

questionnaireH-R UKWP JDA Millennium KDC Other

Not

specified

The Americas (n = 8) United States 6 2 3 1
Mexico 1 1
Colombia 1 1

East Asia (n = 29) China 11 7 2 1 1
Japan 10 2 1 1 1 1 3 1
Korea 8 6 1 1

Southeast Asia (n = 4) Singapore 1 1
Thailand 3 2 1

India (n = 4) India 4 4
Middle East (n = 2) Iran 2 2
Europe (n = 48) Bosnia 1 1

Denmark 7 1 4 2
Finland 1 1
France 1 1
Germany 7 2 2 2 1
Italy 6 4 1 1
The Netherlands 1 1
Norway 1 1
Poland 3 3
Romania 1 1
Sweden 11 3 1 1 3 3
Switzerland 3 2 1
Turkey 2 2
United Kingdom 2 1 1
Multiple sites 1 1

Africa (n = 4) Nigeria 2 1 1
South Africa 1 1
Tunisia 1 1

Australia (n = 2) Australia 2 1 1
Total (%) 101 44 (43.6) 17 (16.8) 1 (1.0) 1 (1.0) 1 (1.0) 7 (6.9) 7 (6.9) 14 (13.9) 9 (8.9)

H-R, Hanifin and Rajka criteria; JDA, Japanese Dermatological Association; KDC, Korean Diagnostic Criteria; UKWP, United Kingdom Working Party.
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Fig 2. Random-effects proportions of clinical characteristics occurring in atopic dermatitis
overall and stratified by different regions and ages are presented using a color-coded heat map
(dark green indicates 0% and dark red indicates 100%).
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lichenoid lesions, and palmar hyperlinearity in
Africa.

Differences in features compared with those
in studies from Europe

Compared with European studies, studies from
EA reported higher prevalences of erythroderma and
truncal, extensor, scalp, and auricular involvement
but lower prevalences of immediate skin test reac-
tivity, Dennie-Morgan infraorbital fold, personal/
family history of atopy, or white dermographism.
Studies from SEA reported higher prevalences of
exudative eczema, immediate skin test reactivity,
truncal involvement, lichenification, and prurigo
nodularis, but lower prevalences of white dermog-
raphism, Dennie-Morgan infraorbital folds, cheilitis,
and intolerance to wool and lipid solvents than in
European study participants. Iranian studies re-
ported higher prevalences of head, face, and neck
involvement; pityriasis alba; and xerosis; however,
they reported lower prevalences of worsening of itch
with sweating, flexural involvement, and intolerance
to wool or lipid solvents. African studies reported
higher prevalences of papular lichenoid lesions,
palmar hyperlinearity, ichthyosis and orbital dark-
ening, but lower prevalences of personal/family
history of atopy, white dermographism. and cheilitis.

In meta-regression, significant differences were
found for pruritus (P = .016), keratosis pilaris
(P = .010), trunk (P = .001), nail involvement
(P = .001), white dermographism (P = .024), and
intolerance to wool and lipid solvents (P = .020) by
region. Marginally significant differences were found
for infra-auricular fissuring (P = .058) and forehead
lichenification (P = .059).

Differences in AD features by age
Compared with adult studies, pediatric studies

reported higher prevalences of dermatitis of the
eyelid, auricular area, and ventral aspect of the wrist;
exudative eczema; seborrheic dermatitiselike fea-
tures; and early-onset disease (as defined by age of
onset younger than 2 years). Conversely, adults had
higher pooled prevalences of lichenification, eryth-
roderma, disease course influenced by emotions
and/or environmental factors, ichthyosis, palmar
hyperlinearity, keratosis pilaris, nonspecific hand
and foot dermatitis, dyshidrosis, prurigo nodularis,
and papular lichenoid lesions.

In ameta-regression comparing pediatric and adult
studies, the prevalences of nonspecific hand and foot
dermatitis (P = .004), sign of Hertoghe (P = .040),
nipple eczema (P = .038), and disease course influ-
enced by emotions and/or the environment (P = .026)
were significantly higher in adults, whereas children
had significantly higher prevalences of dermatitis of
the ventral aspect of the wrist (P = .041).

DISCUSSION
This systematic review and meta-analysis, which

has identified 78 different clinical characteristics of AD
reported internationally, highlights the heterogeneity
of AD signs and symptoms. Pruritus was almost
universally reported and was the most common
feature, emphasizing pruritus as an essential feature
in all diagnostic criteria for AD. Otherwise, xerosis,
lichenification, disease course influenced by
emotional and/or environmental factors, flexural
involvement, and early onset of disease were the
most prevalent AD features. Notably, these features
are all present in the Hanifin and Rajka diagnostic
criteria,117 though disease course influenced by
emotional and/or environmental factors is not present
in UKWP118 and American Academy of
Dermatology119 diagnostic criteria for AD. There
were marked differences in AD characteristics by
region and age. Classic flexural involvement was
reported less commonly in the Americas and Iran.
Extensor lesions were more commonly reported in
India, EA, and Iran. Studies from EA reported more
course influenced by emotional and/or environ-
mental factors, xerosis, worsening of itch with sweat-
ing, flexural and trunk involvement, and higher
proportions of erythroderma and auricular involve-
ment. In contrast, studies from SEA reported more
lichenification, exudative eczema, immediate skin test
reactivity, and extensor involvement. Iranian studies
reported more head, face, and neck involvement;
xerosis; extensor involvement; and pityriasis alba. Yet,
African studies reported more xerosis; flexural
involvement; head, face, and neck involvement; up-
per limb involvement; orbital darkening; and papular
lichenoid lesions. Taken together, there appear to be
regional differences in AD phenotypes. There are
myriad environmental factors that affect the preva-
lence and course of AD.120 It is unknown whether
these clinical differences are also related to environ-
mental factors particular to those regions or continue
when individuals relocate to other regions. These
differences may have important ramifications for AD
diagnostic criteria in different regions and proper
clinical diagnosis of AD in patients from different
regions. For example, the Japanese Dermatological
Association diagnostic criteria for AD include the
forehead, auricular area, and trunk as symmetric
predilection sites.121 These body sites do not appear
in the Hanifin and Rajka,117 UKWP,118 or American
Academy of Dermatology criteria.119 These latter
criteria may perform well in whites and persons of
Northern European descent; however, they may not
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perform well in persons of Asian, African, or Iranian
descent, given the observed lower rates of at least 1
criterion in these regions (eg, flexural involvement,
early-onset disease, personal/family history of atopy).

Recent studies postulated that the ‘‘Asian pheno-
type’’ of AD includes more chronic, lichenified, and
psoriasiform lesions and increased cytokine produc-
tion by type 1 and type 17 helper T cells.122-124

However, Asia encompasses a huge geographic
region with many different racial and ethnic groups.
We found considerable heterogeneity of AD even
within Asia, with phenotypic differences between
EA, SEA, Iran, and India. For example, subjects from
EA had more truncal involvement and extensor
lesions, whereas those from SEA hadmore exudative
lesions and lichenification. It has also been reported
that facial and eyelid eczema are more common in
Asians, especially in female Asians.125 However, this
systematic review revealed that head, facial, and
neck lesions were less common among patients in
SEA. It is imperative that future studies of the clinical
and molecular AD phenotypes precisely describe
subjects’ origin within particular regions and
ethnicity.

Regional differences in AD phenotype may reflect
underlying differences in population genetics,
climate, allergen, and other environmental factors,
as well as behavioral differences in responses to
pruritus. Filaggrin gene (FLG) gene null mutations
lead to xerosis from a deficiency of natural moistur-
izing factor,126 disruption of epidermal barrier func-
tion (allowing increased penetration of allergens and
development of a type 2 helper T-cellepredominant
phenotype),127 and earlier-onset and more severe
AD.128,129 Although specific FLG mutations have
been identified in European130 and Asian131 pop-
ulations, they are not present in the majority of AD
cases. They are also rare in South African, Ethiopian,
and African American populations.132-134 Although
there are likely different genetic factors in patients of
African descent with AD, it is interesting to note that
palmar hyperlinearity and ichthyosis, which are the
clinical hallmarks of FLG mutation carriers, have
been frequently reported in African studies. Climate
is associated with AD prevalence. Lower tempera-
ture and increased number of indoor heating days
were associated with increased AD prevalence,135,136

likely owing to increased time spent indoors with
low ambient indoor humidity. In contrast, extreme
heat and humidity may lead to worsening of itch in
AD. Interestingly, worsening of itch with sweating
was less commonly reported in studies from Africa
and Iran. This may be related to the consistently hot
temperatures all year long in those regions, which
may obfuscate patients’ appreciation of climate’s
impact on their AD.

Pediatric AD was associated with more exudative
lesions and seborrhea-like features, whereas adults
had more chronic phenotypic features (eg, lichen-
ification, erythroderma, and hand and foot derma-
titis). Clinical differences between pediatric and adult
AD may be related to disease chronicity, underlying
differences in cytokine profiles,137,138 skin micro-
biome and barrier, and behavioral differences. More
studies are needed to understand molecular and
phenotypic correlations in AD. Interestingly, diaper
dermatitis was reported in 1 in 8 children with AD,
which is within the 7% to 35% prevalence range of
diaper dermatitis previously reported.139 AD is
commonly reported to spare the diaper area.140

However, our results suggest that diaper dermatitis
commonly occurs in children with AD.

Strengths of this study include the large number of
studies across various geographic regions, inclusion
of noneEnglish language articles, and comprehen-
sive search strategy that included multinational and
Asian language databases. The conglomeration of
multiple studies allowed for adequate statistical po-
wer to provide fairly precise prevalence estimates of
different AD characteristics and meta-regression
across age groups and regions. However, there were
limitations, including limited and variable reporting of
certain clinical characteristics of AD. Some character-
istics may have been presented but not documented
or reported. It is imperative that future studies
comprehensively describe the phenotype of patients
with AD. The list of signs and symptoms identified in
this study can be used as a guide. Few studies were
performed in some regions (eg, India and the Middle
East). As such, some regional differences should be
interpreted with caution. We were unable to deter-
mine whether regional differences applied to native
persons or other descents. SomeAD featureswere not
accounted for in the studies (eg, eyelash length141 and
lip pigmentation).142 Future studies of AD character-
istics should prospectively examine the multiple
clinical features and disease phenotypes identified.

In conclusion, this study demonstrates the wide
spectrum of AD signs and symptoms, as well as
phenotypic differences in AD by region and age.
These differences should be incorporated into the
diagnosis and assessment of patients with AD and
are likely due to different immune axes and envi-
ronmental and genetic factors. Further correlation
with therapeutic response is required.

We would like to acknowledge Zhaoxiang Fan for
assistance in translating the written in articles East Asian
languages.
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