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and sensitization to inhalant allergens may be easily estab-
lished in individuals with clinically dry skin, even when AD is 
not present, and this may lead to the development of atopic 
disorders.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Atopic dermatitis (AD) is a common chronic inflam-
matory skin disease with relapsing pruritic eczema. A ge-
netic background leading to epidermal barrier dysfunc-
tion  [1, 2]  and atopic diathesis  [3, 4]  is believed to be the 
main cause of AD, but many cases heal in the infantile 
phase and improvement around puberty is common  [5–
7] . Most epidemiological studies have shown that the 
prevalence of AD has increased over recent decades  [8–
24] . However, studies on AD prevalence are often cross-
sectional in a certain area, and studies on the natural his-
tory of AD have been performed in hospital-confirmed 
cases. Fewer studies have examined changes in preva-
lence in a community, and long-term, prospective studies 
on the natural history of AD in a community are lack-
ing.

  In AD, the levels of total and specific IgE against in-
halant allergens, e.g. house dust mite (HDM) and Japa-
nese cedar pollen (JCP), are often increased  [3, 7] . AD is 
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 Abstract 

  Background:  Long-term, prospective studies investigating 
the prevalence, serum IgE and the natural history of atopic 
dermatitis (AD) in a community are lacking.  Methods:  In a 
Japanese community, the skin of primary school children 
and junior high school students was examined and a ques-
tionnaire was given to their parents; their serum total IgE, 
and house dust mite (HDM)- and Japanese cedar pollen 
(JCP)-specific IgE levels were also assessed once a year for 9 
years.  Results:  The median AD prevalence in all students 
(492 in 1998 and 380 in 2004) was 7.6% (6.1–10.4%). The prev-
alence and the area of skin eruptions of AD decreased with 
growth. Serum total and HDM-specific IgE levels were high 
in AD patients, and significant differences were noted for 
both levels between children with and without later remis-
sion of skin eruptions at the time of primary school entry. IgE 
level increases were noted in the following order: healthy 
skin  !  dry skin  !  AD. In children presenting only with dry skin 
without atopic disorders, such as AD, asthma and allergic rhi-
nitis, levels of total HDM- and JCP-specific IgE were signifi-
cantly higher than in children with healthy skin.  Conclu-

sions:  The infantile IgE level serves as a prognostic index, 
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also associated with epidermal barrier dysfunction, re-
sulting in increased transepidermal water loss and clini-
cally dry skin. Sweat, irritant agents such as detergents 
and allergens easily enter the body via dry skin, and this 
is considered to be associated with the development and 
progression of eczema  [1] . Allergens entering the body via 
dry skin may also be associated with the progression of 
other atopic disorders, e.g. asthma and allergic rhinitis, a 
process referred to as ‘atopic march’  [25] . Information re-
garding IgE level changes in children with AD and in 
healthy children is important to elucidate the mecha-
nisms of atopic march, but few studies have investigated 
this issue  [26] . Moreover, data on total, and HDM- and 
JCP-specific IgE levels in children with clinically dry skin 
but no AD or other atopic disorder have not been report-
ed in the literature.

  In a Japanese community, the skin of primary school 
children and junior high school students was examined 
over a 9-year period, and changes in the prevalence of 
AD, area of skin eruptions, and total and HDM- and JCP-
specific IgE levels as well as IgE levels in children with 
dry skin and patients with AD were investigated.

  Patients and Methods 

 Study Population 
 A long-term epidemiological study on the prevalence of sea-

sonal allergic rhinitis against JCP in primary school children (6–
11 years of age) and junior high school students (12–14 years of 
age) was initiated in 1993 in a rural community (population of 
around 6,000 in 1995 to 5,400 in 2004), Kyoto Prefecture, Japan, 
as reported previously  [27–29] . We joined this epidemiological 
study in 1996 and performed skin examinations such as inspec-
tion and palpation. There is one public primary school and one 
junior high school in this town (total number of students: 586 in 
1996 and 395 in 2004). Children move in or out of the town only 
rarely and most enter primary school and go on to junior high 
school. The study was approved by the Ethical Committee of the 
Kyoto Prefectural University of Medicine, and written informed 
consent was obtained from all parents.

  Skin Examination and Blood Sampling 
 All children underwent a skin examination performed by a 

dermatological specialist (T.W.) once a year in May from 1996 to 
2004 (9 years). The dermatologist visited the health care rooms of 
the schools to perform this examination. Diagnosis of AD was 
based on the diagnostic criteria of the UK working party for AD 
 [30]  and included an itchy skin condition (or parental report of 
scratching or rubbing) and at least three of the following criteria: 
(1) a history of involvement of skin creases, e.g. the folds of the 
elbows, behind the knees, the fronts of the ankles or around the 
neck, or the cheeks in children under 10; (2) a personal history of 
asthma or hay fever (or a history of atopic disease in a first-degree 
relative in children under 4); (3) a history of a general dry skin in 

the last year; (4) visible flexural eczema (or eczema involving the 
cheeks/forehead and outer limbs in children under 4), and (5) on-
set under the age of 2 (not used in children under 4). Dry skin was 
defined as skin not having an inflamed skin condition but having 
xerosis, i.e. a condition of rough, dry skin with fine scaling of skin 
 [31] : the subject was diagnosed with dry skin if no eczema was 
evident on inspection and palpation, and if the subject had no his-
tory of eczema from birth based on a questionnaire mentioned 
below. Skin without these abnormalities was regarded as healthy. 
Users of emollients accounted for less than 1% of all subjects based 
on the questionnaire described below, and these subjects were ex-
cluded from statistical analysis. None of the children/students 
had received specific immunotherapy against HDM or JCP. The 
percent area of AD skin eruptions in the whole body was calcu-
lated using the rule of nine in adults and older children in extent 
criteria of the severity Scoring of Atopic Dermatitis (SCORAD 
index)  [32] . Since examinations were performed only in the health 
care rooms of schools where airflow, room temperature or hu-
midity were not controllable, hydration of the stratum corneum 
and transepidermal water loss were not measured. Subjects with 
ichthyosis were not excluded from analysis, and since this condi-
tion may cause the development of dry skin from childhood it is 
possible that cases of ichthyosis were included in the AD or dry 
skin groups.

  Venous blood was collected from almost all subjects immedi-
ately after the skin examination, and the serum total IgE, HDM 
(Der p1)-specific IgE and JCP-specific IgE (CAP-RAST system; 
Pharmacia, Uppsala, Sweden) were measured. A skin prick test 
was not performed.

  Questionnaire 
 A questionnaire was given to the parents in addition to the 

skin examination each year. The questionnaire consisted of three 
questions about the current and past skin conditions, and re-
quired a ‘yes’ or ‘no’ answer to the following questions: (1) Has a 
doctor ever pointed out that your child has atopic dermatitis?
(2) Has your child had a history of involvement of skin creases, 
e.g. such as the folds of elbows, behind the knees, the fronts of the 
ankles or around the neck? (3) Has your child had a history of a 
general dry skin in the last year? Similar questions on the medical 
history of asthma, urticaria, rhinitis and conjunctivitis were also 
asked, and information on the use of emollients and a family his-
tory of atopic disorders (e.g. AD, asthma and allergic rhinitis in 
the parents) was obtained.

  Statistical Analysis 
 Date were expressed as means  8  SD ( fig. 3 ;  tables 1 ,  2 ) and as 

means  8  SEM ( fig. 4 ,  5 ). The Mann-Whitney U test was em-
ployed to compare IgE levels between improvement with growth 
and no improvement with growth investigated individually in 
children with AD ( fig. 5 ). Fisher’s protected least significant dif-
ference test was used to compare IgE levels in subjects with dry 
skin and AD using log-transformed values ( tables 1 ,  2 ). Contin-
gency tables were used to compare complications ( table 1 ) and 
family history of allergic disorders ( table 2 ) for subjects with dry 
skin and AD. All statistical analyses were assessed using StatView 
(version 5; SAS Institute, Cary, N.C., USA) on a Macintosh com-
puter. p  !  0.05 was considered statistically significant.
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  Results 

 Number of Students and the Prevalence of AD and 
Dry Skin 
 The total number of subjects was 586 in the 1st year of 

the survey, 1996, and gradually decreased to 395 in 2004, 
reflecting the declining total and younger population in 
rural areas of Japan. Sex ratios (boys/girls) ranged from 
0.88 to 1.03.

  As shown in  figure 1 , the median, minimum and max-
imum prevalence values for AD were 7.6 (2002), 6.1 (2001) 
and 10.4% (2003), respectively, in all students (492 in 1998 
and 380 in 2004). The median, minimum and maximum 
prevalence values of dry skin were 6.3 (2004), 1.7 (2002) 
and 13.9% (1999), respectively. 

 The prevalence of AD was 11.6% in 1st- to 3rd-grade 
(lower-grade) primary school children in 1998. In 4th- to 
6th-grade (upper-grade) primary school children, the 
prevalence was 6.7% in 2001. It was 5.1% in junior high 
school students in 2004 ( fig. 2 ). A similar tendency to a 
reduction in the prevalence of AD with growth was noted 
every year. The prevalence of dry skin similarly decreased 
as the children grew.

  Changes in growth in the area of skin eruptions of AD 
were investigated during a 7-year period in the 165 chil-
dren who entered primary school between 1996 and 1998 
(68 in 1996, 42 in 1997 and 55 in 1998), and this investi-
gation was performed every year until they attended 1st-
grade junior high school. As shown in  figure 3 , the per-
centage of the area of AD skin eruptions in the whole 
body decreased with growth in 26 children with AD (11 

in 1996, 5 in 1997 and 10 in 1998). The mean percentage 
was 20.0% in lower-grade primary school children, de-
creased to 15.9% in upper-grade primary school children 
and further decreased to 11.0% at the time of entry into 
junior high school.

  Skin Eruptions and IgE Levels 
 In order to investigate the natural history of AD and 

prognostic factors further, we analyzed the changes in 
the area of skin eruptions every year for 7 years indi-
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  Fig. 1.  The prevalence of AD and dry skin in all students for 7 
years (from 1998 to 2004). 
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  Fig. 2.  Changes in the prevalence of AD and dry skin with growth 
investigated in children in the 1st–3rd grade (lower grade) of pri-
mary school in 1998, who attended the 4th–6th grade (upper 
grade) of primary school in 2001 and junior high school in 
2004. 

0

30

A
re

a
o

f
sk

in
e

ru
p

ti
o

n
s

(%
)

10

20

Lower grade Upper grade Junior high school

  Fig. 3.  Changes with growth in the area of skin eruptions of 26 
AD children. This investigation was performed every year for 7 
years in children who entered primary school between 1996 and 
1998 (11 in 1996, 5 in 1997 and 10 in 1998) and later attended the 
4th–6th grade (upper grade) of primary school and junior high 
school. Means  8  SD. 



 Wakamori   /Katoh   /Hirano   /Kishimoto   /
Ozasa   

 Int Arch Allergy Immunol 2009;149:103–110 106

vidually in 25 children with AD who entered primary 
school between 1996 and 1998 until they attended 1st-
grade  junior high school. As shown in  figure 4 , skin 
eruptions were noted from the 1st to 6th grade and then 
disappeared at the time of entry into junior high school 
in 14 of the 25 children (56.0%; group 1, improvement 
with growth). In the other 11 children (44.0%), skin 
eruptions were noted even at the time of entry into ju-
nior high school (group 2, no improvement with growth). 
In group 1, the mean percent area of skin eruptions was 
17.4% in the 1st to 3rd grade, and 14.8% in the 4th to 6th 
grade. In group 2, it was 24.0% in the 1st to 3rd grade, 
17.2% in the 4th to 6th grade and 24.5% at the time of 
entry into junior high school. The area of skin eruptions 
in group 2 was larger than in group 1 throughout the 
study period.

  At the time of primary school entry, the total IgE 
( fig. 5 a) and the HDM-specific IgE levels ( fig. 5 b) were 
significantly higher in group 2 than in group 1 (total IgE: 
p = 0.0060, and HDM-specific IgE: p = 0.0089), but there 
was no significant difference in the JCP-specific IgE level 

Table 1. Serum total, and HDM- and JCP-specific IgE levels and respiratory allergies in subjects with dry skin and AD

Subjects n Total IgE 
IU/ml

HDM-specific IgE
UA/ml

JCP-specific IgE 
UA/ml

Asthma 
%

Allergic
rhinitis, %

Healthy skin (HS) 328  192.48480.9 16.5870.2 13.9850.1 4.7 27.5
Dry skin (DS)  41  376.58727.4 32.9895.3 23.4868.9 9.5 28.6
Atopic dermatitis (AD)  44 1,011.182,004.9 68.88119.1 25.5857.7 14.3 45.2

Total 413

Statistical significance
HS:DS p = 0.0161 p = 0.0140 p = 0.2915 p = 0.2572 p = 0.8553
HS:AD p < 0.0001 p < 0.0001 p = 0.0007 p = 0.0268 p = 0.0288
DS:AD p = 0.0150 p = 0.0301 p = 0.0845 p = 0.7379 p = 0.1745

Table 2. Serum total, and HDM- and JCP-specific IgE levels and family history of atopic disorders in subjects with dry skin without 
atopic disorders

Subjects n Total
IgE IU/ml

HDM-specific
IgE UA/ml

JCP-specific
IgE UA/ml

Family history, %

AD asthma allergic rhinitis 

Healthy skin 66 60.6883.0 5.1817.0 0.781.5 2.9 8.6 17.1
Dry skin 23 174.38244.2 18.3833.7 3.587.5 16.7 10.0 13.3

Total 89

Statistical significance p = 0.0181 p = 0.0392 p = 0.0025 p = 0.0242 p > 0.9999 p = 0.7709
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  Fig. 4.  Changes with growth in the area of skin eruptions investi-
gated individually in 25 AD children who entered primary school 
between 1996 and 1998. This investigation was performed every 
year for 7 years from the 1st–3rd grade (lower grade) to the 4th–
6th grade (upper grade) of primary school and to the 1st grade of 
junior high school. Means  8  SEM. Occasionally, error bars are 
left out to avoid confusion. 
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between the two groups ( fig. 5 c). Based on these findings, 
total and HDM-specific IgE levels at the time of primary 
school entry may serve as indices for the prognosis of 
AD.

  IgE Levels in Subjects with Dry Skin and AD 
 IgE is considered to be involved in the pathogenesis of 

extrinsic-type AD. In addition, IgE also contributes to 
the atopic march. Therefore, serum total and HDM- and 
JCP-specific IgE levels were analyzed in all children and 
students. As an example, the data obtained in 1998 (413 
subjects) are listed in  table 1  (healthy skin: 328; dry skin: 
41, and AD: 44). IgE levels and rates of complication by 
atopic disorders such as asthma and allergic rhinitis in-
creased in the following order in subjects: healthy skin  !  
dry skin  !  AD. Significant differences in total and HDM-
specific IgE levels were present among these groups. Sim-
ilar findings were obtained in the other years.

  Since the IgE level also increases in other atopic disor-
ders, e.g. asthma and allergic rhinitis, we analyzed the 
IgE levels in children with clinically dry skin alone with-
out atopic disorders. In 89 children who entered primary 
school between 1998 and 2000 (33 in 1998, 27 in 1999 and 
29 in 2000) without atopic disorders such as AD, asthma, 
urticaria, allergic rhinitis and allergic conjunctivitis, the 
levels of IgE increased in the order of healthy skin  !  dry 

skin ( table 2 ). Levels of total, and HDM- and JCP-spe-
cific IgE and family history of AD differed significantly 
between subjects with healthy skin and those with dry 
skin. Similar findings were observed throughout the 
study period (1996–2004). Thirteen children were fol-
lowed for 5 years until they were 6th-year pupils in 2003–
2005, and 7.7 (1/13) and 38.5% (5/13) developed AD and 
allergic rhinitis, respectively.

  Discussion 

 There are many studies on the prevalence of child-
hood AD worldwide  [8–24] , and the mean prevalence ap-
pears to be approximately 10% in industrial countries. A 
similar prevalence of AD was obtained in our 9-year sur-
vey in primary school children and junior high school 
students. There is widespread belief that AD and other 
atopic disorders have been increasing over recent de-
cades, but the prevalence of AD did not change mark-
edly during the 9-year period in the community studied. 
Reasons proposed for an increase in AD include increased 
exposure to diesel exhaust particles due to urbanization 
and lifestyle changes, including air-conditioned indoor 
living and increased bathing frequency and soap con-
sumption. The community investigated in the current 
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  Fig. 5.  Changes with growth in the serum levels of total IgE ( a ), HDM-specific IgE ( b ) and JCP-specific IgE ( c ) 
investigated individually in children with AD. Means  8  SEM. Occasionally, error bars are only depicted on 
one side to avoid confusion. 
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study is a rural town that has retained a non-urbanized 
environment, and this may be the reason for the absence 
of changes in the prevalence of AD over 9 years.

  The natural history of AD in a community setting has 
not been studied extensively, but available reports suggest 
that AD with childhood onset is commonly a relapsing 
disease with a clearance rate of 50–70% after 10 years and 
remission around puberty  [5, 6] . In the current study, the 
prevalence of AD decreased with growth and the preva-
lence at the time of junior high school entry was about 
half that in lower-grade primary school children. The 
percentage of the area of whole-body AD skin eruptions 
also decreased with growth. These changes may be due 
to growth-related strengthening of the epidermal barrier 
function against water loss through increased secretion 
of sebum covering the corneal layer  [33] .

  The area of skin eruptions in lower-grade primary 
school children was larger in children in whom skin 
eruption due to AD persisted in junior high school com-
pared with those in whom skin eruption remitted in ju-
nior high school. The area of skin eruptions in lower-
grade primary school children exceeded 20% in many 
children in whom skin eruptions persisted in junior high 
school. For children with eczema in regions with a high 
prevalence of AD, such as the neck, glenoid cavities and 
intertriginous areas of the extremities, the area of skin 
eruptions was about 9%  [32] . With more widely expanded 
eczema, it is very likely that eczema will persist in pubes-
cence.

  The concept of the atopic eczema/dermatitis syndrome 
(AEDS) has recently been proposed  [34–36] . AEDS is 
classified into allergic AEDS (also referred to as intrinsic 
AD) and non-allergic AEDS (extrinsic AD). We investi-
gated changes in the IgE level with regard to the progno-
sis of AD skin eruptions. The IgE level was high in the 
AD group with no improvement in skin eruptions, show-
ing a similarity to allergic AEDS, whereas the IgE level 
was low in the AD group with improvement in skin erup-
tions, similarly to non-allergic AEDS. Approximately 
80% of patients with AD show increased values of total 
IgE and/or specific IgE against food allergens as infants, 
and environmental allergens as children and adults  [3, 7] . 
Allergic inflammation provoked by these allergens plays 
an important role in the pathogenesis of allergic AEDS 
 [7] , and a correlation between high IgE levels and the se-
verity of symptoms has also been reported in AD patients 
 [37, 38] . In the current study, the IgE level was high in AD 
patients, and significant differences were noted in the se-
rum total and HDM-specific IgE levels at the time of pri-
mary school entry between children with and without 

later remission of skin eruptions, suggesting that the in-
fantile IgE level serves as a prognostic index. In addition, 
our results suggest that HDM allergy plays an important 
role in the pathogenesis of pediatric AD. Moreover, the 
serum total and JCP-specific IgE levels remained in-
creased in junior high school students, even in those with 
AD remission with growth, indicating that patients less 
commonly ‘outgrow’ allergy. Wuethrich and Schmid-
Grendelmeier  [34]  investigated the prevalence of AEDS 
in children 10–12 years of age who had already presented 
with AEDS at 2–4 years of age and found rates of allergic 
and non-allergic AEDS of 73.3 (11/15) and 57.1% (4/7), 
respectively, suggesting an association of IgE-mediated 
allergy with aggravation of AD to an intractable state. 
This association was also found in our study.

  It is generally accepted that epidermal barrier dys-
function plays an essential role in the pathogenesis of AD 
 [1] . Dry skin associated with epidermal barrier dysfunc-
tion allows irritant agents and inhalant allergens to enter 
the body, and antigen-specific and non-specific inflam-
mation occurs easily. Langerhans cell activation  [39]  and 
increases in the levels of IgE-producing Th2 cytokines, 
such as IL-4 and IL-13, have been noted in skin showing 
epidermal barrier dysfunction  [40] , thus leading to aller-
gic inflammation accompanied by Th2 cell activation 
 [41, 42] . A relationship between the filaggrin gene and 
AD has recently been reported, and ichthyosis was shown 
to be complicated by asthma. This is of interest with re-
gard to the relationship between epidermal barrier dys-
function and atopic march  [2, 43] . On the other hand, the 
presence of reduced epidermal barrier function in indi-
viduals with xerosis without clinical inflammation has 
been reported  [31] . Taken together, individuals with dry 
skin alone (i.e. without AD) may also be easily sensitized 
to environmental allergens. However, to our knowledge, 
there has been no previous report on IgE levels in indi-
viduals with dry skin alone without eczema.

  In the current study, we investigated IgE levels in 
young subjects with xerosis alone without previous ec-
zema or complication by asthma, urticaria, allergic rhi-
nitis and conjunctivitis based on skin examination and a 
questionnaire answered by parents. The serum total and 
HDM- and JCP-specific IgE levels were significantly 
higher in subjects with clinically dry skin alone, with no 
history of atopy or eczema, than in healthy subjects. Five 
years later, AD and allergic rhinitis had developed in the 
subjects with dry skin and they were at increased risk of 
developing atopic disorders. Based on these findings, 
sensitization to inhalant allergens may be easily estab-
lished in individuals with clinically dry skin, even when 
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AD is not present, and this may lead to the development 
of other atopic disorders, including asthma. Of note, the 
report on the filaggrin gene and AD was not available at 
the time of our study, and thus we did not compare filag-
grin mutations and ichthyosis in children with AD and 
those with dry skin only.

  Prevention management may reduce sensitization to 
inhalant allergens and progression of the atopic march 
 [1] . We have initiated a prospective study to determine 
whether skin care for dry skin from infancy prevents el-
evation of IgE levels and the development of atopic disor-
ders, with emphasis on avoidance of excessive air-condi-
tioning, proper bathing habits (e.g. without scrubbing the 
body) and the use of moisture-rich skin care for all chil-
dren with AD, dry skin and healthy skin.
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