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INTRODUCTION

Allergic diseases are increasingly becoming public health 
problems worldwide. Particularly, childhood allergies, such as 
asthma, allergic rhinitis, and atopic dermatitis, are more seri-
ous because they may lead to lifetime chronic disease.1-5 Al-
though various factors have been shown to be involved in aller-
gic diseases, including age, obesity, lifestyle, allergen, air pollu-
tion, and climate,6,7 the key factors underlying the development 
of allergic diseases have not been clearly determined. Allergic 
sensitization is known to be one of the potential factors associ-
ated with allergic diseases.8

Total IgE levels are known to be affected by various factors, 
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such as age, sex, ethnicity, and geographic area,9-14 although to-
tal IgE values are not always dependent on specific IgE elevation, 
which mediates allergic sensitization.

Additionally, allergic sensitization for specific allergens is af-
fected by other factors. For example, egg and milk sensitization 
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Purpose:  Childhood allergies are a serious problem, as they may lead to lifetime chronic disease. Determination of total and specific IgE levels is 
known to be a diagnostic tool for allergic sensitization; however, IgE levels are affected by various factors, such as age, sex, ethnicity, and geograph-
ic area. Thus, we evaluated the distribution of total and specific serum IgE levels against seven inhalant allergens in preschool children and exam-
ined their association with allergic diseases in Seoul, Korea.  Methods:  Total/specific serum IgE determination and skin prick tests for seven com-
mon allergens were performed on 509 children aged 3 to 6 years from 16 child care centers in Seoul, Korea. Demographic characteristics were sur-
veyed from parents using a modified International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire. A diagnosis of atopic dermati-
tis was made by physicians.  Results:  The geometric mean of total IgE was 80.48±3.80 kU/L in preschool children. IgE levels were higher in boys 
(boys, 102.34±3.52 kU/L; girls, 62.37±3.93 kU/L; P<0.001) and atopic subjects (atopic, 158.00±3.35 kU/L; non-atopic, 52.75±3.44 kU/L; P<0.001). 
An increased prevalence of atopy was associated with a high monthly household income (P=0.004) and higher maternal education level (above uni-
versity-level education; P=0.009), as well as increased total IgE levels (P=0.036). Physician-diagnosed atopic dermatitis was associated with sensi-
tization to inhalant allergens.  Conclusions:  Total IgE levels were very high as compared with those in previous reports from other countries. The 
most common sensitized allergen was Dermatophagoides farinae, and the positive response rate peaked at age 3 years and was maintained there-
after, particularly in boys. Specific IgE levels for seven inhalant allergens varied with age in preschool children. Although further investigations are 
needed with a broad range of ages and various allergens, the distribution of the total and specific serum IgE levels in preschool children might help 
to serve as a reference value to diagnose atopy.
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occurs during childhood, but are outgrown with age in most 
cases. Conversely, new allergen sensitization may appear in 
adults, such as pollen sensitization, suggesting the occurrence 
of different allergen sensitization with age. However, some al-
lergens remain persistent, leading to long-lasting allergic dis-
eases through persistent allergen sensitization.15-19 Thus, it is 
necessary to determine what types of allergens are major factors 
in childhood allergies to establish guidelines for allergy preven-
tion.

Thus, the present study was conducted to better understand 
the condition of allergic sensitization in preschool children aged 
3 to 6 years and the association between serum total and spe-
cific IgE levels and the presence of allergic diseases.

MATERIALS AND METHODS

Study population
The subjects were preschool children aged 3 to 6 years who 

were recruited from 16 childcare centers in 9 administrative 
districts (gu) in Seoul, Korea. The nine gu were selected by in-
come level (high, middle, and low), and the 16 centers were 
randomly chosen among 9 districts. A total of 590 participants 
were surveyed using a questionnaire, and blood samples were 
collected. The study was approved by the Institutional Review 
Board (2010-02 CON-14-P), and informed consent was obtained 
from the parents of the children.

Total/specific IgE levels and skin prick tests
Total and specific IgE levels were measured using the Immu-

no-CAP 1000 system (Aloka, Japan) and a UniCAP kit (Phadia 
AB, Uppsala, Sweden), respectively. Specific IgE levels and skin 
prick tests (SPTs) were determined for the following seven in-
halant allergens: Dermatophagoides farinae (D. farinae), cock-
roach, dog dander, cat dander, alder, mugwort, and Alternaria 
alternate (A. alternata). The upper limit of the allergen-specific 
IgE assay was 100 kU/L. Atopy was defined as the presence of 
serum specific IgE (with a level of ≥0.35 kU/L) or a positive re-
sponse to a skin prick test of ≥3 mm and allergen wheal size ≥ 
histamine wheal size (allergen wheal diameters).

Assessment of allergic disease
A modification of the International Study of Asthma and Al-

lergies in Childhood (ISAAC) questionnaire was used for the 
assessment of allergic diseases. The presence of asthma was de-
fined if a child’s parents reported “Yes” to the question, “Has 
your child had asthma diagnosed in the lifetime?” The presence 
of allergic rhinitis was defined if a child’s parents reported “Yes” 
to the question, “Has your child had allergic rhinitis diagnosed 
in the lifetime?” Atopic dermatitis was also defined if a child’s 
parents answered “Yes” to the question, “Has your child had AD 
diagnosed in the lifetime?” The presence of eczema was evalu-
ated by a physician’s based on physical examination.

Statistical methods
Total and specific IgE levels were distributed on a log normal 

scale. Therefore, total IgE levels were logarithmically trans-
formed for statistical analyses. Differences in geometric mean 
concentrations of total IgE and the prevalence of specific IgE 
according to population characteristics were analyzed by a t-test 
and χ2 test, respectively. The association between allergic dis-
eases and IgE was evaluated by logistic regression adjusted for 
age, sex, monthly income, maternal education level, body mass 
index, and a parental history of allergic diseases.

RESULTS

Characteristics of study populations
Patient demographic characteristics are described in Table 1. 

Table 1. Demographic features of the study population, aged 3 to 6 years

Characteristics N

Overall (N) 509
Age (yr)

3 19
4 140
5 172
6 178

Sex
Male 262
Female 247

Monthly income (United States dollar)
<2,600 197
2,600-4,300 199
4,300-8,600 93
>8,600 8

Mother's education
High school 149
University 326
Above Graduate school 27

Number of positive serum specific IgE tests
0 312
1 164
2 19
3 or more 14

Number of positive skin prick tests
0 434
1 60
2 9
3 or more 6

Number of patients with allergic diseases based on a ques-
tionnaire
Diagnosed asthma 39
Diagnosed allergic rhinitis 137
Diagnosed atopic dermatitis 183

Doctor’s diagnosis of atopic dermatitis 73
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When categorized according to age, 19 participants were 3 years 
old, 140 participants were 4 years old, 172 participants were 5 
years old, and 178 were 6 years old. The sex ratio was 1.06 (262 
boys and 247 girls). Over 77% of participants reported a house-
hold income below 4,300 dollars per month. Sixty-four percent 
of mothers graduated from a university. Disease diagnoses based 
on questionnaires were as follows: atopic dermatitis was the 
most common disease (n=183, 35.9%), followed by allergic rhi-
nitis (n=137, 26.9%) and asthma (n=39, 7.6%). The number of 
children with physician-diagnosed atopic dermatitis was 73 
(14.3%), and 228 participants were found to be normal (44.7%).

Distribution of total serum IgE levels according to independent 
predictors

Table 2 presents the distribution of total serum IgE levels ac-
cording to independent predictors, including age, sex, monthly 
household income, and maternal education level for one or 
more positive responses to the skin prick test. The overall geo-
metric mean of total IgE levels was 80.48±3.80 kU/L. A signifi-
cant increase was shown from age 3 to 4 years, but no signifi-
cant change was noted by age 4 to 6 years. The geometric mean 

at each age was 37.70±5.01 kU/L for age 3 years, 90.93±3.96 
kU/L for age 4 years, 73.88±3.55 kU/L for age 5 years, and 
86.12±3.72 kU/L for age 6 years. Total IgE levels were signifi-
cantly higher in boys (boys, 102.34 kU/L; girls, 62.37 kU/L, 
P<0.001). Additionally, the group with a positive serum-specif-
ic IgE response to at least one allergen (atopic group) had high-
er total IgE levels than the non-atopic group (atopic group, 
158.00±3.35 kU/L; non-atopic group; 52.75±3.44 kU/L).

The highest prevalence of atopy was shown at age 6 years and 
increased according to age (P=0.028). Boys showed a higher at-
opy prevalence than girls. The prevalence of atopy was signifi-
cantly lower in the group with a monthly income less than 
$2,600 as compared with other groups with a monthly income 
over $2,600. Additionally, total IgE levels (P=0.036) and the 
prevalence of atopy (P=0.009) were significantly higher in sub-
jects with a maternal education above university level as com-
pared with that in subjects with a maternal education level of 
high school.

Prevalence of allergen sensitization
The prevalence of serum specific IgE and positive skin test re-

Table 2. Independent predictors for one or more positive responses to serum specific IgE tests among preschool children aged 3 to 6 years

Characteristics
Total IgE (kU/L) More than one serum specific IgE positive 

response

N GE* (SE) P value N % (SE)† P value

Overall (N)
Age (yr) 509 80.48 (3.80) 197 38.6 (2.15)

3 19 37.70 (5.01) 2 10.53 (7.04)
4 140 90.93 (3.96) 0.007a 53 37.86 (4.10)
5 172 73.88 (3.55) 0.037b 60 34.68 (3.62)
6 178 86.12 (3.72) 0.010c 82 46.07 (3.74)‡ 0.042d

Sex
Male 262 102.34 (3.52) <0.001e 114 43.35 (3.06) 0.028f

Female 247 62.37 (3.93) 83 33.60 (3.01)
Monthly income (United States dollar)

<2,600 197 73.02 (3.54) 61 30.96 (3.29)
2,600-4,300 199 84.92 (4.05) 0.259g 82 41.21 (3.49) 0.039i

>4,300 101 85.43 (3.64) 0.334h 49 48.51 (4.97) 0.004j

Mother’s education
High school 149 65.66 (3.86) 44 29.53 (3.74)
Above university 353 86.09 (3.70) 0.036k 149 42.32 (2.63)  0.009l

At least one serum positive specific IgE response
Non-atopic 312 52.75 (3.44)
Atopic 197 158.00 (3.35) <0.001m

*GE: geometric mean; χ2 test for trend analysis; P value=0.370; †χ2 test for trend analysis; P value=0.028; ‡specific IgE % at age 5:6 yr; P value=0.043.
a: t-test of GE at age 3:4 yr; b: t-test of GE at age 3:5 yr; c: t-test of GE at age 3:6 yr; d: t-test of specific IgE % at age 3+4:6 yr; e: t-test of GE for sex; f: t-test of specific 
IgE % for sex; g: t-test of GE for income <2,600: 2,600-4,300; h: t-test of GE for income <2,600: >4,300; i: t-test of specific IgE % for income <2,600: 2,600-4,300; j: 
t-test of specific IgE % for income <2,600: >4,300; k: t-test of GE for mother’s education high school: above university; l: t-test of specific IgE % for mother’s educa-
tion high school: above university; m: t-test of GE for at least one serum positive specific IgE Non-atopic: Atopic.
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sponses to the seven inhalant allergens among Korean pre-
school children aged 3 to 6 years is shown in Table 3. The prev-
alence of serum specific IgE to at least one allergen was higher 
(38.6%) than the prevalence of positive skin test responses 
(14.7%). The much lower prevalence of a positive skin test re-
sponse to D. farinae, which is the major allergen that causes al-
lergic responses in preschool children aged 3 to 6 years, lead to 
the discrepancy between the sensitization rates of the two 
methods (serum specific IgE, 36.5%; positive skin test respons-
es, 13.0%). The second most prevalent serum specific IgE was 
to alder, followed by mugwort/A. alternata, cockroach, dog 
dander, and cat dander. The second most common positive 
skin test response was to dog dander, followed by alder/mug-
wort/cat dander, A. alternate, and cockroach. Excluding D. fari-
nae, the positive response rates to six allergens were similar be-
tween the specific IgE test and SPT.

Percentile for total and specific serum IgE levels in preschool 
children

Total IgE levels were differed with age and sex (Fig. 1A). In 
boys, the geometric mean of the total IgE level was significantly 
higher than girls. Additionally, total IgE levels were constantly 
high across age groups (50th percentile: 102.00 kU/L at 3 years 
and 108.50 kU/L at 6 years). However, in girls, the total IgE level 
increased with age (90th percentile: 88.50 kU/L at 3 years and 
517.50 kU/L at 6 years).

D. farinae was the most prevalent sensitized allergen in both 
boys (21.4%) and girls (15.1%). Particularly, serum-specific IgE 

levels rapidly increased in boys from age 3 to 4 years (90th per-
centile: 30.93 kU/L at 3 years and 61.00 kU/L at 4 years). How-
ever, in girls, serum specific IgE levels to D. farinae increased 
constantly with age (90th percentile: 0.07 kU/L at 3 years and 
72.80 kU/L at 6 years) (Fig. 1B).

Relationship between allergic diseases and serum total or 
specific IgE levels at ages 3 to 6 years

The relationships between allergic diseases and total IgE lev-
els are shown in Table 4. The relationship between total serum 
IgE-positive and physician-diagnosed atopic dermatitis is clear-
ly shown (P=0.002); however, no significant association was 
found between allergic diseases and the parent’s report. Addi-

Table 3. Prevalence of positive responses to SPTs and serum specific IgE tests 
among preschool children aged 3 to 6 years

Allergen tested (N=509) Serum specific IgE  
N (%)*

SPT  
N (%)†

Indoor Allergen
D. farinae 186 (36.5) 66 (13.0)
Cockroach 13 (2.5) 1 (0.2)
Dog dander 11 (2.2) 12 (2.4)
Cat dander 7 (1.4) 5 (1.0)
At least one indoor allergen 189 (37.1) 69 (13.5)

Outdoor Allergen
Pollen

Alder 15 (3.0) 5 (1.0)
Mugwort 14 (2.7) 5 (1.0)

Mold
A. alternata 14 (2.7) 3 (0.6)

At least one outdoor allergen 25 (4.9) 11 (2.2)
At least one indoor or outdoor allergen 197 (38.6) 75 (14.7)

*Defined as allergen specific IgE ≥0.35 kU/L (≥class 1); †Defined as wheal 
size to allergen ≥3 mm and wheal size to allergen ≥wheal size to histamine.
SPTs, skin prick tests; D. farinae, Dermatophagoides farinae; A. alternate, Alter-
naria alternate.

Table 4. Association between allergic disease and serum total/specific IgE at 
ages 3 to 6 years

Allergic 
disease Allergen tested OR 95% CI P value

Asthma* Total IgE 1.23 0.69-2.16 0.48
D. farinae 1.46 0.77-2.74 0.24
Indoor allergens 

(cockroach+dog dander+cat 
dander)

1.12 0.31-4.07 0.86

Pollens (alder+mugwort) 0.63 0.77-2.74 0.66
Mold (A. alternaria) 1.62 0.33-7.88 0.55

Allergic  
rhinitis*

Total IgE 1.37  0.97-1.92 0.07
D. farinae 1.55 1.04-2.30 0.03
Indoor allergens 

(cockroach+dog dander+cat 
dander)

1.44 0.63-3.26 0.38

Pollens (alder+mugwort) 2.51 1.02-6.17 0.04
Mold (A. alternaria) 2.80 0.95-8.27 0.06

Atopic  
dermatitis*

Total IgE 1.18 0.86-1.61 0.30
D. farinae 1.23 0.85-1.77 0.27
Indoor allergens 

(cockroach+dog dander+cat 
dander)

1.06 0.48-2.34 0.88

Pollens (alder+mugwort) 4.81 1.81-12.69 0.002
Mold (A. alternaria) 2.35 0.79-6.94 0.12

Doctor’s  
diagnosis  
of atopic 
dermatitis†

Total IgE 1.96 0.86-1.61 0.002
D. farinae 1.89 1.17-3.03 0.01
Indoor allergens 

(cockroach+dog dander+cat 
dander)

2.76 1.17-6.51 0.02

Pollens (alder+mugwort) 2.84 1.13-7.14 0.03
Mold (A. alternaria) 2.12 0.63-7.04 0.22

Adjusted for age, sex, monthly income, mother’s education, and body mass in-
dex.
*Asthma, allergic rhinitis, and atopic dermatitis: diagnosis based on question-
naire; †Doctor’s diagnosis of atopic dermatitis: eczema on doctor’s examination.
OR, odds ratio; CI, confidence intervals; D. farinae, Dermatophagoides farinae; 
A. alternate, Alternaria alternate.
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tionally, as shown in Fig. 2, the prevalence of physician-diag-
nosed atopic dermatitis was proportional to the increase in to-
tal IgE levels (25th percentile, 7.8%; 50th percentile, 11.9%; 75th 
percentile, 15.6%; and 90th percentile, 21.4%, P<0.007).

The associations between allergic diseases and specific IgE 
were examined by multiple regression after adjustment for age, 
sex, income, and maternal education level (Table 2). Significant 
associations were noted between physician-diagnosed atopic 
dermatitis and sensitization to inhalant allergens (D. farinae, 
cockroach, dog, cat, alder, and mugwort). Atopic dermatitis 
based on the questionnaire was associated with pollen sensiti-
zation. Allergic rhinitis, but not asthma, was also related to D. 
farinae and pollen allergens (alder, mugwort). These results 
were the same after adjustment for a parental history of allergic 
diseases.

DISCUSSION

It is important to profile the distribution of serum total IgE lev-
els and atopy prevalence based on positive responses to specif-
ic IgE or SPTs in the general population to understand atopic 
allergic diseases by country and region. Total IgE levels are af-
fected not only by specific IgE, the key factor for distinguishing 
atopy and non-atopy, but also by various factors, such as age, 
sex, community, and geographical area.14,20-29 Particularly, in-
formation concerning the changes in total IgE level and sensiti-
zation rate to various allergens is very important to develop 
markers for allergic disease prevention and control, as well as 
to provide clinical recommendations to clinicians. This is the 
first study to show the distribution of the total IgE levels accord-
ing to age, sex, and allergic disease in a population of preschool 
children aged 3 to 6 years in Korea.

Fig. 1. Percentile distribution of total and Der f specific IgE levels by age. (A) Percentile for total IgE levels at each age in preschool children. (B) Percentile for Der f 
specific IgE levels at each age in preschool children.
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Notably, serum specific IgE tests demonstrated a positive re-
sponse rate higher than that of SPTs (serum specific IgE tests, 
38.6%; SPTs, 14.7%). This may be due to the difference in the 
positive response rate to D. farinae (serum specific IgE tests, 
37.1%; SPTs, 13.5%). Although further investigations are need-
ed to determine the key factors that evoke the difference be-
tween the two methods, a higher positive response rate may be 
attributed to a higher sensitivity of serum specific IgE tests than 
SPTs.31,32 Although we did not describe the comparison be-
tween SPTs and serum specific IgE tests throughout the age 
range in the present study, we examined and analyzed the ato-
py prevalence from age 10 years to that above age 70 years us-
ing the Korea National Health and Nutrition Examination Sur-
vey (KNHANES 2011) and Ansung Cohort study in 2011. In 
those studies, the atopy prevalence was higher for serum spe-
cific IgE tests than for SPTs at the age range showing a low con-
centration of serum specific IgE. However, the atopy prevalence 
at the age range showing a high concentration of serum specif-
ic IgE was similar between both methods and even slightly 
higher for SPTs. In fact, serum specific IgE levels to D. farinae 
were low at ages 3 to 6 years as compared with other age ranges 
in the KNHANES and Ansung Cohort subjects (data not shown). 
Thus, the higher positive rate of serum specific IgE tests might 
be due to the high sensitivity of the test with a low concentra-
tion of serum specific IgE at ages 3 to 6 years.

Remarkably, the total IgE level of preschool children was very 
high as compared with previous reports from other countries, 
such as European countries9 and the United States.30 Converse-
ly, the positive serum specific IgE response to one or more al-
lergens among the seven allergens was lower than that in the 
United States, with a wide range of ages above 10 years (45.2%).30 
Additionally, when comparing total IgE levels for atopic and 

non-atopic groups with other studies, the positive serum spe-
cific IgE values were high in both the non-atopic and atopic Ko-
rean children subjects, indicating a lower atopy prevalence and 
higher level of serum total IgE in Korea as compared with that 
in the United States. The cause may be due to differences in age 
or ethnicity.30,33-35 Further studies are needed to understand 
why serum total IgE levels are so high in Korean children.

Notably, subjects with higher maternal education levels or a 
higher household income had increased total IgE levels, a find-
ing that is quite different from that in previous studies showing 
an association between low socioeconomic status (SES) and 
higher total IgE in adults.30,34 The relationship among SES, total 
IgE, and atopy prevalence is controversial. Some studies have 
reported that a lower SES is related to a higher prevalence of at-
opy and total IgE or even to a higher asthma prevalence in 
adults30,34,36; however, other studies have found that only a high 
atopy rate was associated with higher social class,37,38 a finding 
that is somewhat consistent with ours. These discrepancies 
suggest that total IgE production might be affected by more 
complex factors than are currently thought.

With respect to sex, the present study also showed higher total 
IgE levels in boys; it is generally accepted that total IgE levels 
are higher in boys and men.30,39-43 Particularly, total IgE levels in 
girls increased with age from 3 to 6 years, while that in boys 
reached a plateau from 3 to 6 years. This finding implies that to-
tal IgE development is slower in girls than boys, resulting in a 
lower prevalence of specific IgE in girls (boys, 43.35±3.06%; 
girls, 33.60±3.01%; P=0.028).

In the present study, a significant association between total 
IgE levels and allergic disease was shown only in physician-di-
agnosed atopic dermatitis, not in cases of allergic diseases based 
on the parent’s questionnaire. For specific IgE, atopic dermati-
tis and allergic rhinitis based on the questionnaire was associ-
ated with specific IgE to pollen and D. farinae, respectively. 
However, asthma based on the questionnaire did not show an 
association with any serum specific IgE to the seven allergens. 
Thus, asthma did not appear to be associated with total or spe-
cific IgE levels, which might be due to several reasons. Because 
asthma, rhinitis, and eczema are categorized into two groups 
according to the presence of serum specific IgE, i.e., non-atopic 
or atopic, IgE levels cannot be simply defined as being related 
to asthma. Additionally, in the present study, the small number 
of asthma cases as compared with other cases (asthma, n=39; 
allergic rhinitis, n=137; atopic dermatitis, n=183), as well as the 
imprecise definition of asthma in children ages less than 6 years, 
might affect the results.

Despite the importance of knowledge regarding total and spe-
cific IgE levels in preschool children, no significant data previ-
ously existed in Koreans because these ages could not be prop-
erly surveyed. In the present study, we analyzed total and spe-
cific IgE levels and SPTs in 509 children with epidemiological 
data. The results of this study represent at least a specific group, 

Fig. 2. Prevalence of allergic diseases by total IgE percentile. Physician-diag-
nosed atopic dermatitis (P=0.007).
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i.e., 3- to 6-year-old preschool children in Seoul, Korea, which 
may be useful as a reference value. Additionally, the high re-
sponse rate of our questionnaire survey (93.3%) allowed us to 
minimize biases to better understand epidemiological charac-
teristics of this age group.

In summary, total IgE levels were extremely high in both atop-
ic and non-atopic children as compared with previous data 
from other countries. Household income and maternal educa-
tion level were also important factors for total IgE levels and the 
presence of atopy. The most prevalent allergen was D. farinae, 
and over 10.5% of children were sensitized to D. farinae at 3 
years of age. Although further investigations are needed regard-
ing total IgE production and sensitization to various allergens 
in children across a wide age range and with various environ-
mental factors including infection, the total and specific IgE 
values and distribution in general preschool children described 
in the current study will be helpful not only to understand aller-
gic sensitization and total IgE production, but also to support 
the diagnosis and treatment of allergic diseases as a reference 
value.
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