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Background: It is well known that atopic dermatitis (AD) is 
related to food hypersensitivity, although its prevalence 
varies among several studies according to age group, 
severity, country, survey time, and test method. Objective:  
To examine the prevalence and status of food hypersen-
sitivity among childhood AD patients in Korea. Methods: A 
total of 95 patients were enrolled in the study. The history of 
food hypersensitivity was collected by interviews. The 
severity of AD was evaluated by eczema area and severity 
index (EASI). We took blood samples to measure serum total 
and food-specific immunoglobulin E (IgE) levels. Based on 
the histories and serum IgE levels, open oral food challenge 
(OFC) testing was performed to confirm food hypersen-
sitivity. Results: Forty- two (44.2%) of the 95 AD patients had 
histories of food hypersensitivity. They reported that the most 
common suspicious foods were egg (n=13, 13.7%), pork 
(n=9, 9.5%) and cow milk (n=8, 8.4%). The mean EASI 
score was 16.05±9.76. Thirty-nine (41.1%) of the 95 
patients showed elevated serum food-specific IgE levels. The 
specific IgE levels were elevated for egg (n=17, 17.9%), milk 
(n=12, 12.6%), peanut (n=10, 10.5%) and wheat (n=8, 
8.4%). Fifty-one (53.8%) of 95 patients underwent open 
OFC, and only 7 (13.7%) of these patients showed positive 
reactions. Conclusion: The overall prevalence of food 
hypersensitivity in patients with childhood AD in Korea was 

8.3% (7/84). The most common foods causing food 
hypersensitivity were egg and milk. Among the foods 
causing hypersensitivity, AD patients in Korea often undere-
stimated peanut, while they overestimated pork. (Ann 
Dermatol 25(2) 196∼202, 2013)
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INTRODUCTION

Atopic dermatitis (AD) is a common skin disorder and 
affects up to 10% of children ages 3 to 6 years in Korea1. 
AD is related to other allergic diseases, such as asthma, 
allergic rhinitis, and food allergy2. Since Schloss3 first 
described AD in 1915 how AD patients improved by 
avoiding specific foods, many studies have been con-
ducted to examine the relationship between AD and food 
hypersensitivity4. Nevertheless, the role of food hypersen-
sitivity in the pathogenesis of AD still remains contro-
versial5. 
Food hypersensitivity in AD patients occurs as either 
immediate immunoglobulin E (IgE)-mediated hypersensitivity 
or as delayed cell-mediated hypersensitivity. The prevalence 
of food hypersensitivity in AD patients varies among several 
studies in terms of age group, severity, country, survey 
times, and test methods4,6. In Korea, the prevalence of 
food allergy in AD patients were reported as 9.5% on a 
cross-sectional questionnaire survey and 18.2% based on 
open food challenge tests conducted by the dermatology 
clinic of a certain university hospital7,8. The present study 
aimed to examine the prevalence and status of food 
hypersensitivity in patients with childhood AD in Korea. 
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MATERIALS AND METHODS
Subjects

This study included patients who were diagnosed with AD 
at the Department of Dermatology, Hallym University, 
Kangnam Sacred Heart Hospital, Seoul, Korea between 
August 2009 and December 2010. The diagnosis of AD 
was based on the diagnostic criteria of Korean AD, 
modified from criteria developed by Hanifin and Rajka9. A 
total of 95 subjects (52 males, 43 females) aged 2 to 18 
years (mean age, 6.85±4.37 years) were enrolled in the 
study. The protocol was approved by the Institutional 
Review Board of Kangnam Sacred Heart Hospital. Inform-
ed consent was obtained from each participant and their 
parents if they are age 18 years and under.
The medical information collected from the patients 
included the previous history of food hypersensitivity, 
causative food allergens, cutaneous and general symp-
toms, current treatment, and histories of other allergic 
diseases. Patients who had abnormal vital signs or syste-
mic symptoms were excluded from the study.

Assessment of AD severity

AD severity was evaluated by eczema area and severity 
index (EASI). Patients with scores of ＜16 were categori-
zed as ‘mild’, those with scores between 16 and 26 were 
categorized as ‘moderate’ and those with scores of ＞26 
were categorized as ‘severe.’

Measurement of serum total and food-specific IgE 
levels  

A blood sample was collected from each subject. Serum 
total IgE levels were measured using the 3gAllergy IgE Test 
(Siemens, München, Germany) and serum food-specific 
IgE levels were measured using RIDA Allergyscreen 
(R-Biopharm AG, Darmstadt, Germany) or ImmunoCAP 
(Phadia, Uppsala, Sweden). Since RIDA Allergyscreen is a 
screening panel for dozens of foods, ImmunoCAP was 
used to measure serum food-specific IgE levels when the 
RIDA Allergyscreen showed a positive result.
Normal serum total IgE levels were different between age 
groups (1∼4 years, 0.4∼351.6 IU/ml; 5∼10 years, 0.5∼
393.0 IU/ml; 11∼14 years, 1.9∼170.0 IU/ml; and ＞15 
years, 0∼378.0 IU/ml) according to the manufacturer’s 
reference values. A positive response to a specific food was 
defined when serum food-specific IgE levels were ＞0.35 
IU/ml according to the manufacturer’s instructions. 

Open oral food challenge (OFC) testing

We selected foods for open OFC testing based on food 

hypersensitivity history and serum food-specific IgE levels. 
Subjects who were negative for both history and serum 
food-specific IgE levels did not undergo open OFC testing. 
The skin lesions were prepared under optimal control, and 
medications that could interfere with the results were 
discontinued for 7∼14 days10. Foods for challenge were 
prepared by parents or by physicians. Initial challenge 
doses were determined by physicians based on the kind of 
food, the patient’s history and expected reactions10. The 
challenge doses were administered in gradual increments 
until they reached amounts in the regular diet. When sub-
jects were suspected to have IgE-mediated food hyper-
sensitivity, the interval of challenge testing was 15 minu-
tes, and when they were suspected to have non-IgE-me-
diated hypersensitivity, it was 45 minutes10. When patien-
ts showed positive reactions to open OFC tests, such as 
urticaria, angioedema or exacerbation of existing eczema 
lesions, we stopped the challenge and checked for other 
cutaneous lesions and systemic reactions, including gas-
trointestinal or respiratory signs. In cases of no reaction, 
challenge testing was repeated the next day. The results 
were divided into early and late, or delayed reactions. The 
early reactions were defined as reactions occurring within 
2 hours, while late or delayed reactions were defined as 
those occurring between 2 hours and 48 hours of the last 
challenge.

Statistical analysis

The results obtained from patients with and without food 
hypersensitivity as assessed by past histories and serum 
food-specific IgE levels were compared using a 2-by-k 
table with linear-by-linear association or the t test. Sig-
nificance levels for all analyses were set at p＜0.05. All 
statistical analyses were conducted using SPSS 12.0 for 
Windows (SPSS Inc., Chicago, IL, USA).

RESULTS
Subjects

Forty-two (44.2%) of the 95 AD patients had a history of 
food hypersensitivity (Fig. 1). The most common sus-
picious foods reported by the patients or the patients’ 
caregivers were egg (n=13, 13.7%), followed by pork 
(n=9, 9.5%), milk (n=8, 8.4%), snacks (n=5, 5.3%), 
beef, chicken, wheat, shrimp (n=3, 3.2% for each), 
chocolate, ice cream, fish, peanut (n=2, 2.1% for each) 
and buckwheat, crab, hamburger, ramen (n=1, 1.1% for 
each). There were 17 patients (17.9%) with other allergic 
diseases, including allergic rhinitis (n=10, 10.5%), asthma 
(n=6, 6.3%) and urticaria (n=3, 3.2%). 
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Fig. 1. Results of past history, serum food-specific IgE levels, oral food challenge testing, clinical reactions to oral food challenge,
and causative food allergens. IgE: immunoglobulin E.

Table 1. AD severity based on EASI score in patients with food
hypersensitivity or not

Variable With history of 
food hypersensitivity

Without history of 
food hypersensitivity

Mean EASI score* 15.52±9.39 16.71±10.28
Mild 20 (47.6) 23 (43.4)
Moderate 13 (31.0) 23 (43.4)
Severe 9 (21.4) 7 (13.2)

Values are presented as mean±standard deviation or number (%).
AD: atopic dermatitis, EASI: eczema area and severity index. 
*p=0.559.

Assessment of AD severity

The mean EASI score of all patients was 16.05±9.76. Based 
on the EASI scores, 43 (45.3%) of the 95 patients were mild 
cases, 36 (37.9%) were moderate cases, and 16 (16.8%) 
were severe cases. The mean EASI score was higher in AD 
patients with a history of food hypersensitivity than in those 
without (16.71±10.28 versus 15.52±9.39), but the differ-
ence was not statistically significant (p=0.559). The symp-
toms were also more severe in patients with a history of 
food hypersensitivity than in those without (21.4% versus 
13.2%), but the difference was not statistically significant 
(p=0.370) (Table 1).

Measurement of serum total and food-specific IgE 
levels

The mean serum total IgE level was 237.69±168.52 
IU/ml in patients with history of food hypersensitivity and 
221.83±170.46 IU/ml in those without, but the difference 
was not statistically significant (p=0.652). The proportion 
of patients with high serum total IgE levels was also higher 
in patients with a history of food hypersensitivity than in 
those without (30.9% versus 26.4%), but the difference 
was not statistically significant (p=0.631).
Of the 95 patients, 39 (41.1%) showed elevated serum 
food-specific IgE levels (Fig. 1). Egg-specific IgE was 
highest (n=17, 17.9%), followed by milk (n=12, 12.6%), 
peanut (n=10, 10.5%), wheat (n=8, 8.4%), pork (n=6, 
6.3%) and beef (n=5, 5.3%). However, specific IgE to 
crab, lemon/lime/orange, rice, shrimp, peach (n=3, 
3.2%), garlic, onion (n=2, 2.1%), barley and fish (n=1, 
1.1%) were not significantly elevated. Elevated serum 
food specific IgE levels showing more than 95% predictive 
were noted in 2 patients (nos. 1 and 2), suggesting 
IgE-mediated food allergy (Table 2).
Nineteen (45.2%) of the 42 patients with a history of food 
hypersensitivity showed elevated serum food-specific IgE 
levels, while 20 of the 53 (37.7%) patients without a 
history showed elevated serum food-specific IgE levels; 
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Table 2. AD patients with elevated serum food-specific IgE levels showing more than 95% predictive values

Number Age Sex EASI Past history of 
hypersensitivity

Total IgE
(IU/ml)

Food-specific IgE 
(IU/ml)

Oral food 
challenge Challenge results Other 

symptoms

1 2 M Mild Milk 529.3 Egg (12.9)
Milk (9.57)
Soy (3.27)
Beef (1.07)
Peanut (5.11)

Egg
Milk
Soy
Beef

None GI reaction

2 2 M Mod. Peanut 362.5 Peanut (16.4)
Milk (6.59)
Egg (5.04)

Peanut 
Milk 
Egg

None None

AD: Atopic dermatitis, IgE: immunoglobulin E, EASI: eczema area and severity index, M: male, Mod.: moderate, GI: gastrointestinal.

Table 3. AD patients with positive reactions to oral food challenge testing

Number Age Sex EASI Past history of 
hypersensitivity

Total IgE
(IU/ml)

Food-specific IgE 
(IU/ml)

Oral food 
challenge Challenge results Other 

symptoms

3  5 F Mild (4.5) Beef, egg 192.8 Egg (2.36) Egg Urticaria-like 
(1 h later)

None

4  4 F Mod. (22.7) Egg 824.5 Egg (0.89) Egg Mixed of urticaria 
(2 h later) and 
eczematous 
(6 h later)

None

5  6 F Mod. (24.7) Egg 508.9 Egg (1.10), milk (1.61) Egg Population 
(2 h later)

GI reaction

6  2 M Severe (31.8) None 375.4 Milk (1.94) Milk Pruritus only 
(1 h later)

None

7 13 F Severe (38.1) Milk 225.3 Negative Milk Eczematous 
(12 h later)

None

8  6 M Severe (35.8) Pork, chicken, 
fish, chocolate

128.7 Negative Pork Eczematous 
(7 h later)

None

9  7 F Mild (2.5) None 681.7 Egg (2.16), milk (1.85), 
peanut (2.03)

Milk, egg, 
peanut

Peanut-pruritus 
only (immediate)

GI reaction

AD: atopic dermatitis, EASI: eczema area and severity index, IgE: immunoglobulin E, F: female, M: male, Mod.: moderate, GI: gastro-
intestinal.

the difference was not statistically significant (p=0.466) 
(Fig. 1).

Open OFC testing

Fifty-one (53.8%) of the 95 patients underwent 78 sessions 
of open OFC testing based on their history of food 
hypersensitivity (n=37) or serum food-specific IgE levels 
(n=31). Seven (13.7%) of these 51 patients were positive 
for open OFC testing. The remaining 44 patients did not 
undergo open OFC, and 33 of these patients were negative 
for both past histories and serum food-specific IgE levels, 
while 11 refused to undergo open OFC (Table 3) (Fig. 1). 
The overall prevalence of food hypersensitivity was 8.3% 
(7/84). The most common offending food was egg (n=3), 
followed by milk (n=2), pork (n=1) and peanut (n=1) 
(Fig. 2). Five (71.4%) of the 7 patients with positive open 
OFC test results showed a history of food hypersensitivity 

and elevated serum food-specific IgE levels, but 2 patients 
(28.6%) with positive open OFC test results did not show 
elevated serum food-specific IgE levels. Four patients (nos. 
3, 5, 6 and 9) showed immediate non-eczematous reac-
tions, while 2 patients (nos. 7 and 8) showed delayed 
eczematous reactions. One patient (no. 4) had both kinds 
of reactions. Two patients with highly elevated serum 
food-specific IgE levels (nos. 1 and 2) did not show any 
cutaneous reactions to open OFC testing.
Patients with both a history of food hypersensitivity and 
elevated serum food-specific IgE levels showed higher 
positivity rates for OFC testing (17.6%) than those with a 
history of food hypersensitivity alone (10%) or increased 
serum food-specific IgE levels alone (14.3%), but the 
differences were not statistically significant (p=0.511 and 
p=0.808, respectively) (Fig. 1). Five (9.8%) of the 51 
patients who underwent open OFC testing had gastroin-
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Fig. 2. Egg and milk were significant in positive past history, 
elevated serum food-specific immunoglobulin E (IgE) levels, and
positive oral food challenge. Pork was significant in positive past
history but not significant in elevated food-specific IgE levels and
positive oral food challenge testing. Peanut was not significant 
in positive past history, although it was significant in elevated
food-specific IgE levels and positive oral food challenge testing.

testinal symptoms and signs, including abdominal pain 
(n=3), vomiting (n=1), and diarrhea (n=1). Two of the 7 
patients who were positive for open OFC testing had gas-
trointestinal symptoms. No patients showed any respira-
tory symptoms or signs during the open OFC testing. 
Of the 13 patients with a history of egg allergy, 8 (61.5%) 
showed elevated serum egg-specific IgE levels. Nine 
(11.0%) of the 82 patients without a history of food 
hypersensitivity showed elevated serum food-specific IgE 
levels. Fifteen patients underwent open OFC testing for 
eggs, and 3 (20.0%) of these patients showed positive 
reactions to eggs. Patients (nos. 3, 4, and 5) who had both 
of a history of food hypersensitivity and elevated serum 
food-specific IgE levels tended to show early or mixed, but 
not delayed reactions. Of the 9 patients reporting a history 
of food hypersensitivity to pork, only 1 (11.1%) showed 
elevated serum pork-specific IgE levels. Five (5.8%) of the 
remaining 86 patients without a history of food hyper-
sensitivity to pork showed elevated serum food-specific 
IgE levels. Twelve patients underwent open OFC testing 
for pork, of whom only 1 (8.3%) showed a positive reac-
tion to pork. One patient with a positive reaction to open 
OFC testing (no. 8) had a history of food hypersensitivity 
without elevated serum food-specific IgE levels.
Serum milk-specific IgE levels were elevated in 5 (62.5%) 
of the 8 patients with a history of food hypersensitivity to 
milk, while they were elevated in 7 (8.0%) of the 87 
patients without a history of food hypersensitivity. Two 
(16.7%) of the 12 patients who underwent OFC testing for 
egg showed positive reactions to egg; one patient (no. 6) 
with elevated serum food-specific IgE levels alone showed 
early reactions, while the other patient (no. 7) with a 

history of food hypersensitivity alone showed late reac-
tions. 
Peanut allergy was reported by 2.1% of patients with a 
history of food hypersensitivity and 10.5% of patients with 
elevated serum food-specific IgE levels. One patient (no. 9) 
who had positive reactions to open OFC testing did not 
report a history of peanut-related allergic reactions. 

DISCUSSION 

In 1915, Schloss3 first reported AD patients who improved 
by avoiding of offending food allergens. Since then, many 
studies about the relationships between AD and food 
hypersensitivity have been conducted4. It has been shown 
that food hypersensitivity plays a crucial role in the patho-
genesis of AD. The prevalence of AD has been reported to 
be between 33% and 75%11,12. This wide range of 
prevalence is mostly due to differences in the definition of 
the food allergy in AD or the selection of severe AD 
patients who had been referred to a large hospital5,13. 
There are 2 different reactions to foods in AD13,14. First, 
there are non-eczematous reactions, such as urticaria, 
erythema, and pruritus. These reactions are immediate or 
early, with IgE-mediated responses usually occurring wi-
thin 1 hour, and may be accompanied by non-cutaneous 
reactions, such as gastrointestinal or respiratory symp-
toms. These features are common characteristics of food 
allergy. Second, there are isolated eczematous reactions 
that result in eczematous flare-ups. These reactions are 
late or delayed, with non-IgE-mediated responses usually 
occurring 2 to 6 hours or even up to several days after 
exposure to offending food allergens. The reactions may 
be T-cell mediated, IgE-independent reactions to food 
allergens15. In addition, there is a combination of non- 
eczematous and eczematous reactions. Previous studies 
have demonstrated that AD worsens with the intake of 
food additives or biogenic amines, which are not classical 
food allergens16. It is believed that these reactions are also 
due to IgE-independent hypersensitivity14.
Since IgE-mediated reactions are common, but eczema-
tous reactions are relatively rare, the definition of food 
hypersensitivity, whether including immediate reactions 
or not, may cause marked differences in the prevalence of 
food hypersensitivity5,13. Previous studies have shown that 
late reactions alone are only responsible for 12% to 26% 
of positive challenge testing results, which is similar to 
28.7% in our study17,18. There are still different viewpoints 
among dermatologists and allergists; the former limit 
food-induced AD strictly to eczematous responses, while 
the latter include both non-eczematous and eczematous 
responses13. In our study, there were 7 patients (8.3%) 
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with positive reactions to open OFC testing, and 4 (4.2%) 
of these patients had non-eczematous reactions, 2 (2.1%) 
had eczematous reactions, and 1 (1.1%) had mixed 
reactions. Patients with immediate, non-eczematous 
reactions (nos. 3, 5, 6 and 9) had high serum food-specific 
IgE levels after challenge with food allergens, suggesting 
that these reactions are IgE-mediated. Of the patients with 
delayed, eczematous reactions, 2 (no. 7 and 8) did not 
show high serum total or food-specific IgE levels, implying 
‘true food-induced AD’. Only one subject (no. 4) showed 
a combination of urticaria and eczematous reactions along 
with a high serum food-specific IgE level. 
The overall prevalence of food hypersensitivity in pe-
diatric patients with AD in our study was lower than 
previously reported in Europe and North America14. Some 
previous studies that have enrollment AD patients have 
reported low prevalence of food hypersensitivity as in our 
study19. In our study, the prevalence of AD accompanied 
by other allergic diseases or non-cutaneous reactions, 
such as gastrointestinal or respiratory symptoms, was 
lower than those reported by previous studies8. Gastro-
intestinal and respiratory symptoms are related to IgE-me-
diated food allergy, accounting for a large proportion of 
food hypersensitivity in AD patients20. In addition, we 
included mild AD which is not included in previous 
studies21. In addition, the frequency of specific food 
allergy varies among different countries22. Previous studies 
have reported that egg and milk are the most common 
food allergens23, which is consistent with our result. 
Peanut allergy is relatively rare in Asia, although it has 
frequently been reported in Europe and North America24. 
In our study, the number of patients with elevated serum 
peanut-specific IgE levels was 5-fold higher than the 
number of patients with a history of peanut allergy, and 1 
patient with no history of food hypersensitivity showed a 
positive challenge reaction to peanut. A previous study 
conducted in Korea has also reported that peanut allergy 
is rare in past history, but relatively common in open OFC 
testing or food-specific IgE measurement8. This suggests 
that the potential risk for peanut allergy exists, although its 
prevalence is lower in Korea than in Europe and North 
America. Many patients in our study considered pork an 
aggravating factor of AD, and most did not show elevated 
serum food-specific IgE levels or any positive reactions to 
open OFC testing. A previous epidemiologic study con-
ducted in Korea has reported that pork is the most 
common food allergen in Korea (up to 10%)7. Another 
study conducted in Korea has shown that the common 
food allergens in AD patients in Korea are egg, cow’s 
milk, peanut, and wheat, which is similar to our result, but 
that sensitization to pork is relatively unusual25. These 

results imply that having a pork allergy is highly overes-
timated by patients in Korea. 
The criteria for the diagnosis of food allergies have not yet 
been established. The criteria should include clinical 
history, skin prick tests, serum IgE measurement, and ato-
py patch testing18. Skin prick tests and serum IgE mea-
surement are useful for the diagnosis of early, IgE-medi-
ated reactions, while atopy patch testing helps diagnose 
delayed reactions18. We used only serum IgE levels, 
because they are consistent with skin prick tests and atopy 
patch testing and they are relatively convenient to mea-
sure18. Double-blinded, placebo-controlled oral food cha-
llenge (DBPCFC) testing is the gold standard for the 
diagnosis of food hypersensitivity14. Open OFC testing is 
an alternative to DBPCFC for confirming clinical signs, 
such as cutaneous manifestations or wheezing, and it is 
easy to perform in the clinical setting10. We chose open 
OFC testing because preparation of various causative food 
allergens for DBPCFC is expensive and difficult. False 
positive reactions of subjective symptoms without objec-
tive signs, such as pruritus, are drawbacks to open OFC 
testing. Skin prick tests or serum IgE measurement may 
help interpret such reactions. When open OFC testing 
results are not conclusive, DBPCFC should be consi-
dered10.
When AD patients are suspected of having food hyper-
sensitivity, their parents often restrict food. As seen in our 
study, the number of patients with a history of food 
hypersensitivity is 5-fold higher than those with actual 
food hypersensitivity according to open OFC testing 
(44.2% versus 8.3%). It has generally been recognized 
that milk-free foods are overemphasized considering the 
actual prevalence of milk allergy26. Dietary restriction 
without confirming food hypersensitivity has few clinical 
benefits and potentially causes nutritional deficiency. In 
our study, since the actual prevalence of food hypersensi-
tivity in AD patients was not so high, parents should be 
advised by medical professionals before starting food 
restriction.
In conclusion, the overall prevalence of food hypersen-
sitivity in childhood AD patients in Korea was 8.3%, as 
assessed by open OFC testing. The number of patients 
with actual food hypersensitivity was lower than the 
number of patients with a history of food hypersensitivity. 
Common offending food allergens in Korean AD patients 
were egg and milk. Among the food allergens causing 
hypersensitivity, peanut was underestimated, while pork 
was overestimated by patients with childhood AD in 
Korea.
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