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Reference Values and Utility of Serum Total Immunoglobulin E 
for Predicting Atopy and Allergic Diseases in Korean 
Schoolchildren

The present study aimed to investigate the distribution of total serum immunoglobulin E 
(IgE) levels in Korean schoolchildren and to evaluate its utility in the prediction of atopy 
and allergic diseases. A nationwide, cross-sectional survey was conducted in first grade 
students from randomly selected elementary and middle schools. Total IgE levels were 
measured by ImmunoCAP. Skin prick tests were performed for 18 common inhalant 
allergens to determine the presence of atopy. Children aged 12–13 years and parents of 
children aged 6–7 years were asked to complete questionnaire assessing allergic diseases. 
The cut-off levels of total IgE were determined by analyzing receiver operating 
characteristic curves. The median total IgE level was 86.7 kU/L (range: 1.5–4,523.1) in 
3,753 children aged 6–7 years and 94.7 kU/L (range: 1.5–3,000.0) in 3,930 children aged 
12–13 years. Total IgE concentrations were higher in children with atopy or allergic diseases 
than in those without (all P < 0.001). At the cut-off value of 127.7 kU/L, sensitivity, 
specificity, and positive and negative predictive values (PPV and NPV) were 67.1%, 75.4%, 
65.4%, and 76.7%, respectively, in elementary schoolchildren. At the cut-off value of 
63.0 kU/L, sensitivity, specificity, PPV, and NPV were 81.9%, 66.6%, 75.0%, and 75.1%, 
respectively, in middle schoolchildren. PPV and NPV were ≥ 70% when cut-offs of 258.8 
kU/L and 38.4 kU/L were used for the diagnosis of atopy in 6–7 year-olds and 12–13 year-
olds, respectively. This nationwide population-based study provided the first normal 
reference ranges of total IgE in Korean schoolchildren.
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INTRODUCTION

Allergic diseases such as atopic dermatitis (AD), allergic rhinitis (AR), and asthma are 
the most common chronic diseases in children. The chronic course and frequent re-
currences of allergy symptoms have a negative impact on the quality of life of children 
and their parents. According to the International Study of Asthma and Allergies in Child-
hood (ISAAC), the prevalence of AD, rhinoconjunctivitis, and asthma are still increas-
ing in Korean schoolchildren (1). 
 It is widely assumed that atopy is related to allergic diseases in children, because im-
munoglobulin E (IgE) plays a pivotal role in the pathogenesis of allergic diseases. Atop-
ic sensitization in children is well-known as an important risk factor of severe asthma, 
and can be a predisposing factor for the development of asthma and AR (2-4). There-
fore, measurement of serum total IgE levels has been used to evaluate allergic subjects 
in clinical practice, and to determine risk factors associated with allergic diseases in 
various studies. Eligibility and dosing for omalizumab treatment also depend on the 
serum total IgE concentration (5). However, there have been controversies regarding 
the relationship between IgE-mediated sensitization and allergic diseases. For exam-
ple, the prevalence of atopy is higher in middle schoolchildren than in elementary school-
children, while the prevalence of allergic diseases is higher in elementary schoolchil-
dren than in middle schoolchildren (1,6). Various environmental factors may account 
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for the discrepancy between the prevalence of atopy and aller-
gic diseases (7,8). Non-atopic asthma and intrinsic AD indicate 
that not all allergic diseases have an atopic basis (9,10). 
 Moreover, determination of reference values of total IgE is 
difficult due to the wide range of levels and diverse factors. To-
tal IgE values are influenced by age, race, gender, geographic 
area, seasons, exposure to environmental pollutants, and histo-
ry of certain non-allergic diseases (11-13). The clinical utility of 
total IgE values depends on the establishment of reliable refer-
ence values for the respective population. However, there are 
few studies investigating reference values and clinical utility of 
total IgE in Korean schoolchildren from the general population. 
Therefore, we conducted this study to investigate the distribu-
tion of total serum IgE levels in Korean schoolchildren and to 
evaluate its utility for the prediction of atopy or allergic diseases. 

MATERIALS AND METHODS

Study design and population
A nationwide, cross-sectional survey was conducted in children 
aged 6–7 years and 12–13 years between October and Novem-
ber 2010. To obtain a representative population, the survey was 
performed in first-grade students from 45 elementary schools 
and 40 middle schools in Korea. The sampling method followed 
a stratified 2-stage cluster sampling according to the method 
described in our previous study (6,14). First, every school in Ko-
rea was stratified according to geographic region and school 
type. We chose sample schools using the systematic probability 
proportional to size sampling procedure. To fulfill the required 
sample size, replacement schools were chosen to substitute the 
nonparticipating schools. In the second stage, 3 classes were 
selected randomly from the first grade of each sample school. 
All children and their parents in the sample classes were asked 
to participate. Response rates among parents of children aged 
6–7 years and children aged 12–13 years were 92.1% and 93.8%, 
respectively. 

Measurements
Children aged 12–13 years and parents of children aged 6–7 years 
were asked to complete a Korean-translated modified version 
of the ISAAC questionnaire assessing AD, AR, and asthma. We 
defined symptoms suggestive of allergic diseases as follows: 1) 
those who had experienced itchy eczema episodes, or a prob-
lem with nasal symptoms or wheezing unrelated to a cold with-
in 12 months of the survey; 2) those who had been diagnosed 
with AD, AR, or asthma by a physician in their lifetime; and 3) 
those who had received treatment for AD, AR, or asthma within 
12 months of the survey.
 On the day of the survey, blood samples were taken to mea-
sure total IgE levels. Total IgE levels were determined by the Im-
muno-CAP (Thermo Fisher Scientific, Waltham, MA, USA) sys-

tem. A skin prick test (SPT) was performed using 18 common 
inhalant allergens including Dermatophagoides pteronyssinus, 
D. farinae, Tyrophagus putrescentiae, cockroach, cat, dog, alder, 
birch, oak, Japanese cedar (Lofarma, Milan, Italy), orchard grass, 
Bermuda grass, timothy, mugwort, ragweed, Japanese hop, Al-
ternaria alternata, and Aspergillus fumigatus. Histamine was 
used as a positive control and normal saline as a negative con-
trol. Unless otherwise stated, allergens were provided by Aller-
gopharma, Reinbek, Germany. The largest and perpendicular 
diameter of the wheal for each of the allergens was measured, 
and the following value was cal-culated: (largest + perpendicu-
lar diameter)/2. A test was regarded as positive if the value cal-
culated was ≥ 3 mm and controls showed adequate reactions. 
Atopy was defined as a positive response to a SPT of at least one 
allergen.

Statistical analysis
We used SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) for 
statistical analyses. Plotting the IgE frequencies on an arithme-
tic scale demonstrated a highly skewed distribution and loga-
rithmic scale approximated a normal distribution. Therefore, 
total IgE levels were logarithmically transformed for analyses. 
The Wilcoxon rank sum test was used to investigate the associa-
tion of total IgE levels with gender, the presence of allergic dis-
eases, and atopy. Performance characteristics, such as sensitiv-
ity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV) were calculated. The cut-off levels of to-
tal IgE were determined by 3 methods as follows: 1) the level to 
maximize (sensitivity + specificity) for predicting the presence 
of allergic diseases or atopy in the receiver operating character-
istic (ROC) curves; 2) the level of indicating 80% risk of atopy; 
and 3) the level to maximize (PPV + NPV) with both PPV and 
NPV greater than 70% for identifying atopy. A P value of < 0.05 
was considered significant.

Ethics statement
This study was approved by the Institutional Review Board of 
Dankook University (DKUH IRB 2010-09-0260) and written in-
formed consent was obtained from each parent prior to his/her 
child’s participation in the study.

RESULTS

Study population
Total serum IgE levels and SPT were tested in 3,753 children 
aged 6–7 years and 3,930 children aged 12–13 years. The preva-
lence of positive SPT response to at least one inhalant allergen 
was 41.0% in children aged 6–7 years, and 55.0% in children aged 
12–13 years (Table 1). The lifetime prevalence of asthma, AR, 
and AD was 10.2%, 37.0%, and 35.7%, respectively in children 
aged 6–7 years. The lifetime prevalence of asthma, AR, and AD 
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Table 1. Characteristics of study population

Characteristics

Age group

6–7 yr  
(n = 3,753)

12–13 yr 
(n = 3,930)

Gender
   Male
   Female

1,892 (50.4)
1,861 (49.6)

1,947 (49.5)
1,983 (50.5)

No. of allergens showing positive SPT results
   0
   1
   2
  ≥ 3

2,214 (59.0)
315 (8.4)
729 (19.4)
495 (13.2)

1,768 (45.0)
383 (9.7)
797 (20.3)
982 (25.0)

Diagnosis, ever
   Asthma
   AR
   AD

384 (10.2)
1,391 (37.1)
1,339 (35.7)

286 (7.3)
1,162 (29.6)

 936 (23.8)
Symptom, within the last 12 months
   Asthma
   AR
   AD

368 (9.8)
1,622 (43.2)

762 (20.3)

322 (8.2)
1,649 (42.0)

501 (12.7)
Treatment, within the last 12 months
   Asthma
   AR
   AD

144 (3.8)
1,077 (28.7)

573 (15.3)

62 (1.6)
788 (20.1)
342 (8.7)

Paternal history of allergic diseases 1,079 (28.8) 692 (17.6)
Maternal history of allergic diseases 1,230 (32.8) 856 (21.8)

Values are presented as number of children (%).
SPT = skin prick test, AR = allergic rhinitis, AD = atopic dermatitis. 

Table 2. Total serum IgE levels in children aged 6–7 years

Characteristics No. Geometric mean 25th Median 75th 90th 95th P value

Overall 3,753 89.0 28.5 86.7 292.6 698.5 1,200.7
Gender
   Male
   Female

1,892
1,861

112.6
70.1

36.2
23.4

123.3
63.6

368.8
208.8

784.0
594.9

1,252.2
1,099.3

< 0.001

Atopy*
   Yes
   No

1,539
2,214

220.5
47.4

85.5
17.9

246.5
44.7

586.8
124.9

1,247.0
308.8

1,871.1
509.7

< 0.001

Diagnosis of allergic diseases, ever
   Yes
   No

2,208
1,545

106.2
69.2

32.8
24.3

108.3
63.3

351.7
210.5

820.4
506.7

1,480.4
876.7

< 0.001

Symptom of allergic diseases, within the last 12 months
   Yes
   No

2,048
1,698

121.7
56.4

36.0
23.2

127.2
59.9

386.7
184.4

853.0
457.3

1,485.9
851.1

< 0.001

Treatment for allergic diseases, within the last 12 months
   Yes
   No

1,468
2,284

126.9
65.3

36.0
25.8

129.7
69.4

402.4
220.3

913.6
559.9

1,697.6
925.2

< 0.001

IgE = immunoglobulin E, SPT = skin prick test.
*Defined as at least a positive SPT response. 

was 7.2%, 29.1%, and 23.4%, respectively in children aged 12–13 
years. 
 Total IgE ranged from 1.5–4,523.1 kU/L in elementary school-
children and from 1.5–3,000 kU/L in middle schoolchildren. The 
median total IgE level was 86.7 kU/L (75th percentile, 292.6 kU/
L; 90th percentile, 698.5 kU/L; 95th percentile, 1,200.7 kU/L) in 
elementary schoolchildren (Table 2). The median total IgE level 
was 94.7 kU/L (75th percentile, 284.3 kU/L; 90th percentile, 625.1 
kU/L; 95th percentile, 990.7 kU/L) in middle schoolchildren 

(Table 3). Boys had significant higher total IgE levels than girls 
in both elementary and middle schoolchildren (all P < 0.001) 
(Tables 2 and 3). Total IgE levels were higher in children who 
had a positive SPT response than in those who did not (all P <  
0.001 at both age groups) (Tables 2 and 3). In addition, total IgE 
concentrations were higher in children with allergic diseases 
than in those without allergic diseases (all P < 0.001 at both age 
groups) (Tables 2 and 3). 
 In ROC analysis of total IgE for predicting the diagnosis of al-
lergic diseases in their lifetime, the area under curve (AUC) was 
0.578 (95% confidence interval [CI], 0.560–0.597) at the value of 
92.7 kU/L in 6–7 year-olds and 0.610 (95% CI, 0.592–0.628) at the 
value of 238.8 kU/L in 12–13 year-olds. In addition, ROC analysis 
for predicting recent symptoms or treatment showed the AUC 
of 0.609 (95% CI, 0.591–0.627) and 0.587 (95% CI, 0.568–0.606) 
at the values of 86.5 and 230.4 kU/L in 6–7 year-olds, and the 
AUC of 0.623 (95% CI, 0.606–0.641) and 0.624 (95% CI, 0.604–
0.645) at the values of 132.7 and 143.5 kU/L in 12–13 year-olds.
 In ROC analysis of total IgE for predicting atopy, the AUC was 
0.784 (95% CI, 0.769–0.798) in children aged 6–7 years and 0.817 
(95% CI, 0.803–0.830) in children aged 12–13 years. At the opti-
mal cut-off value of 127.7 kU/L, sensitivity, specificity, PPV, and 
NPV were 67.1%, 75.4%, 65.4%, and 76.7%, respectively, in chil-
dren aged 6–7 years (Fig. 1). At the optimal cut-off value of 63.0 
kU/L, sensitivity, specificity, PPV, and NPV were 81.9%, 66.6%, 
75.0%, and 75.1%, respectively, in children aged 12–13 years 
(Fig. 1). Total IgE concentrations indicating 80% risk of atopy 
were calculated to be 984.2 kU/L in children aged 6–7 years and 
295.6 kU/L in children aged 12–13 years (Fig. 2). Total IgE levels 
of 258.8 kU/L had a PPV of 74.2%, a NPV of 71.2%, a sensitivity 
of 48.7%, and a specificity of 88.2% in children aged 6–7 years. 
In children aged 12–13 years, total IgE levels of 38.4 kU/L pre-
sented a PPV of 70.0%, NPV of 81.6%, sensitivity of 90.3%, and 
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specificity of 52.8%.

DISCUSSION

Serum total IgE levels have been widely used to aid in the diag-
nosis of allergic disease, although the reference values are af-
fected by various factors, such as age, sex, race, and geographic 
area (13,15-18). Its usefulness depends on the establishment of 
reliable reference values for the particular population and age 
groups, therefore cut-off value should be derived from the most 
recent and geographically defined normalized reference values. 
To our knowledge, this is the first nationwide, large population-
based study to show the distribution of the total IgE levels in Ko-

rean schoolchildren. This study showed that total IgE levels dis-
criminate Korean schoolchildren with and without atopy, with 
the optimal cut-off of 127.7 kU/L in 6–7 year-olds and 63.0 kU/L 
in 12–13 year-olds.
 Notably, our present study demonstrated that the total IgE 
levels of Korean schoolchildren were higher than those previ-
ously established in Western countries (11,19,20). Geometric 
mean values of total IgE were reported to be 51.8 kU/L and 54.4 
kU/L in US children aged 6–11 and 12–15 years, respectively 
(11). An European study showed that the geometric mean val-
ues of total IgE were 51.9 kU/L in 5–7 year-olds and 62.2 kU/L in 
11–14 year-olds (20). However, a study among Taiwanese chil-
dren aged 5–18 years reported geometric mean total IgE levels 

Table 3. Total serum IgE levels in children aged 12–13 years 

Characteristics No. Geometric mean 25th Median 75th 90th 95th P value

Overall 3,930 90.6 30.8 94.7 284.3 625.1 990.7
Gender
   Male
   Female

1,947
1,983

101.4
81.1

37.1
26.1

112.2
80.6

297.8
272.3

670.0
589.6

1,042.0
945.9

< 0.001

Atopy*
   Yes
   No

2,162
1,768

191.0
36.3

83.2
14.5

206.1
34.6

451.9
90.0

888.0
217.6

1,340.7
382.5

< 0.001

Diagnosis of allergic diseases, ever
   Yes
   No

1,796
2,134

123.2
69.9

43.1
25.0

141.2
71.1

396.2
202.5

836.6
447.0

1,326.8
715.8

< 0.001

Symptom of allergic diseases, within the last 12 months
   Yes
   No

1,931
1,979

125.6
65.9

44.1
23.6

143.5
67.2

390.7
190.2

818.4
442.7

1,323.8
729.3

< 0.001

Treatment for allergic diseases, within the last 12 months
   Yes
   No

1,027
2,893

145.3
76.6

54.5
26.5

172.4
78.3

468.1
224.6

945.3
513.4

1,495.4
837.6

< 0.001

IgE = immunoglobulin E, SPT = skin prick test.
*Defined as at least a positive SPT response. 

Fig. 1. ROC curves of serum total IgE levels, indicating the sensitivity and specificity of total IgE levels for predicting atopy in (A) children aged 6–7 years and (B) children aged 
12–13 years.
ROC = receiver operating characteristic, IgE = immunoglobulin E.
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of 91.1 kU/L, which were similar to those of our study (17). A 
previous Korean study reported a geometric mean total IgE lev-
el of 80.5 kU/L in preschool children aged 3–6 years (15). How-
ever, no information has been available on reference values of 
total IgE in Korean schoolchildren. These findings indicated 
that reference values of total IgE were similar in Asian children, 
although age differences were observed among studies. In ad-
dition, results from the previous study in Korean preschool chil-
dren and the present study indicate that total IgE levels gradu-
ally increase with age. These results are in agreement with those 
of previous studies that reported total IgE levels increased after 
birth, with maximum values achieved after 10 years of age, al-
though there is controversy about the exact age at which peak 
total IgE is achieved (16,18,19,21). 
 With respect to sex, several previous studies have demonstrat-
ed that total IgE levels were higher in males than in females (11, 
13,15,22). We also found that boys had significantly higher total 
IgE levels than girls. Boys are more likely to have a number of 
atopic diseases such as rhinitis and asthma in childhood (23,24). 
A birth cohort study showed distinctive patterns of cytokine re-

sponses between girls and boys (13). Boys exhibited higher in-
terferon-gamma (IFN-gamma), interleukin (IL)-5, and IL-13 
responses, indicating that different amounts and direction of 
cytokine responses may lead to sex-specific atopic characteris-
tics during childhood. Sex hormones are also implicated in im-
mune development such as the maturation of B lymphocytes, 
but the effect of hormonal influences on the development of 
atopy in young children remains poorly understood (25,26). Fur-
ther investigations are therefore needed to examine gender dif-
ferences in allergic diseases and the underlying mechanism.
 As found in the present study, many studies have also shown 
that total IgE concentrations tend to be higher in patients with 
allergic diseases compared with non-allergic individuals (11,15-
19). A study in the US reported that the geometric mean for to-
tal IgE level was significantly higher among asthmatic subjects 
than non-asthmatics subjects (81.1 vs. 40.8 kU/L) (11). In a pre-
vious Korean study, the atopic group had higher total IgE levels 
than the non-atopic group (158.00 kU/L vs. 52.75 kU/L) (15). 
Therefore, there has been considerable interest in the validity of 
total IgE level as diagnostic tool for allergy. However, the diag-

Fig. 2. Predicted probability of atopy for total IgE with 95% confidence intervals (dotted line) in (A) boys and (B) girls aged 6 to 7 years, and (C) boys and (D) girls aged 12–13 
years. Two elementary school children were excluded from the analysis, because their total IgE levels were outliers ( > 3,000 kU/L).
IgE = immunoglobulin E.
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nostic value of total IgE levels seems to be limited, although many 
patients with allergic disorders have elevated levels of total IgE 
(12,17,19,27-32). A Taiwanese study calculated that the cut-off 
value of total IgE for discriminating between an atopy and non-
atopy group was 77.7 kU/L, with sensitivity and specificity of 
82.3% and 87.1%, respectively (17). A Saudi Arabian study also 
reported a total IgE specificity of 83.4% for the allergic group, but 
sensitivity was only 61.3% when the cut-off level was 195 kU/L 
(32).
 Previous studies showed the relationship between asthma 
and total IgE levels in the absence of sensitization to specific al-
lergens, supporting the existence of non-atopic individuals with 
asthma (33,34). Total IgE levels were found to be associated with 
the prevalence of asthma, even in subjects without the presence 
of allergen-specific IgE (33,34). However, this current study con-
firms that total IgE level alone is insufficient for the diagnosis of 
allergy and atopy. Our results showed that upper levels of total 
IgE in the non-atopic group could not be used to predict atopy 
because of the wide overlap in total IgE levels between atopic 
and non-atopic subjects. The optimal cut-off of 127.7 kU/L had 
a sensitivity of 67.1% and a specificity of 75.4% in children aged 
6–7 years. In children aged 12–13 years, the cut-off of 63.0 kU/L 
presented a sensitivity of 81.9% and a specificity of 66.6%. These 
results demonstrated that the sensitivity and specificity of the 
cut-off value of total IgE were not satisfactory to rely on positive 
results to predict atopy. Nevertheless, an important finding in 
our study is that both PPV and NPV exhibited sufficiently high 
values (≥ 70%) when the cut-off value of 258.8 kU/L was used 
for diagnosis of atopy in 6–7 year-olds, suggesting that clinicians 
could use values of total IgE to predict or rule out the likelihood 
of atopy in elementary schoolchildren. Although the cut-off val-
ue of 38.4 kU/L showed both PPV and NPV greater than 70% for 
identifying atopy in 12–13 year-olds, the point was lower than 
the median indicating the limited usefulness.
 Our study had some limitations that must be considered. The 
most important limitation stems from the questionnaire-based 
study design, which introduces the possibility of recall bias re-
garding the diagnosis of allergic diseases. In addition, as total 
IgE levels vary by season, the seasonal variation of total IgE level 
should be taken into consideration (35). The present study was 
conducted during autumn to estimate interindividual differ-
ences of total IgE levels in one season. However, our study pop-
ulation was a nationally representative sample of Korean school-
children through 2-stage cluster sampling and a random selec-
tion method, which made the results more reliable and mean-
ingful than previous studies. Moreover, subjects in the present 
study were not chosen on the basis of disease or from hospital 
settings, but were selected from the community.
 In conclusion, this nationwide large population-based study 
provides the first normal reference ranges of total IgE in Korean 
schoolchildren. Total serum IgE level was higher in children 

with atopy or allergic diseases. The cut-off levels of 258.8 kU/L 
in 6–7 year-olds and 38.4 kU/L in 12–13 year-olds for the pre-
diction of atopy showed sufficiently high values (≥ 70%) in Ko-
rean children. 
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