
Introduction
Atopic dermatitis (AD) is one of the most common allergic 

diseases and manifests as a chronic recurrent dermatitis with 
itching. AD causes various physical problems due to frequent 
skin damage and itchy sensation, which decrease quality of 
life. In younger patients, the disease can be sufficiently serious 
as to disrupt friendships, learning performance, and family re-
lationships, thus negatively influence the overall quality of life 
in addition to the physical problems [1].

Food allergy (FA) strongly influences AD [2]. Among patients 
with AD, 35-40% are accompanied by FA, which has been re-
ported as 4 times higher in young children compared to adults 
[3]. The most effective way of treating FA is to restrict the diet 
to prevent the intake of allergy causing foods [4]. Skin symp-
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toms can be markedly improved through the dietary restriction 
of allergy-inducing foods that cause AD [5]. However, dietary 
restriction should not be cavalier, since not all foods induce AD 
symptoms [6]. A restricted diet continued unnecessarily due to 
incorrect diagnosis [7] can delay the growth of atopic children 
and cause nutritional deficiency. Therefore, a correct diagnosis 
by professionals is crucial when restricting foods, and must be 
accompanied by careful nutritional management considering 
alternative/complementary diets for restricted foods.

This study was performed to investigate the presence of 
food restriction and the list of restricted foods in children with 
moderate AD, and to find out the effect of restricted diet on 
the changes in nutrient intakes and the severity of the disease. 
It is hoped that this study would provide fundamental data for 
the preparation of dietary guidelines and nutritional counsel-
ing for children with AD. 

Materials and Methods
Subjects

The study was performed from July 2010 to December 2011. 
Patients aged 12 months to 13 years presenting with AD were 
enrolled. The diagnosis of AD was based on previously defined 
criteria [8]. The inclusion criteria were a SCORing of Atopic 
Dermatitis (SCORAD) index between 20 and 50, no other sys-
temic illnesses, and no administration history of antihistamines 
or systemic corticosteroids during the past week. 

General characteristic survey
General characteristics including sex, age, presence of food 

limitation, and list of restricted foods were surveyed through 
the caretakers of AD patients who visited the Allergy Center of 
C hospital. The list of restricted foods in the survey question-
naire included eggs (egg), milk & dairy products (milk, cheese, 
plain yogurt), beans (Doenjang, tofu, soy milk), nuts (peanut, 
walnut, other nuts), grains (wheat, buckwheat), shellfish & 
crustacean (shrimp, crab, shellfish, abalone, oyster, squid, small 
octopus, octopus), fish (white flesh fish, red flesh fish), meats 
(beef, chicken, pork), processed foods (soda, food additives), 
and others, which are common causes of FA related to AD. 

Evaluation of AD severity
The diagnosis of AD of the subjects was made by pediatri-

cians according to the prior criteria [8], and the degree of 
symptoms was clearly judged by the SCORAD index. This se-

verity grading is composed of objective and subjective scores. 
The objective score takes into account the extent and the 
severity of AD lesions, such as erythema, edema/population, 
oozing/crust, excoriation, lichenification, and dryness. The 
subjective score includes evaluation of pruritus and insomnia 
using a visual analogue scale ranging from 1 to 10 [9]. 

During the study period, parents were instructed to take a 
bath once daily with mild acidic soap and warm water and to 
continuously treat their child’s AD lesions. After the standard-
izing the skin management, we observed the change of sever-
ity of AD for 4 months. 

Dietary intake survey
Dietary intake was surveyed for the frequency of food 

intake for a 3-month period using a food frequency question-
naire (FFQ) [10] developed and proven for nutrient intake sur-
vey by the Korean Genome and Epidemiology Study (KoGES). 
The list of foods consisted of a total of 74 items including 
cooked rice (3), noodles (3), breads (3), other grains (3), pota-
toes (2), meat (8), egg (1), dairy products (3), beans (4), nuts(1), 
fish & shellfish (8), Kimchi (2), vegetables (12), mushroom (2), 
seaweed (2), fruits (12), beverage (1), and snacks (4). The refer-
ence intake for one portion intake was decided considering the 
median value of 24 h recall method, and then divided into ‘less’ 
(0.5 times), ‘normal’, and ‘more’ (1.5 times) [11]; for some foods, 
the portion size was presented with pictures showing their ac-
tual size. The frequency was divided into nine levels including 
‘twice a day’ to ‘less than once a month’. 

Nutrient intake analysis
Nutrient intakes were analyzed on the basis of the FFQ us-

ing the KoGES nutrition survey tool (Genimic FFQ ver. 1.0) of 
the Korea Centers for Disease Control and Prevention. 

Individual intake for 14 nutrients (energy, protein, calcium, 
phosphorus, iron, zinc, vitamin A, vitamin E, vitamin B1, vitamin 
B2, niacin, vitamin B6, folic acid, vitamin C) was calculated, and 
the per capita daily nutrient intake was calculated from the 
total of nutrients from each food list [12].

The percent ratio of energy and nutrients to the recom-
mended intake (%KDRIs, calculated as (nutrient intake ÷ RNI or 
AI) × 100) of nutrient intake for KDRI [12] was comparatively 
analyzed using the Recommended Nutrient Intake (RNI) or Ad-
equate Intake (AI) of the KDRIs.
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Statistical analysis
Statistical analysis for collected data was performed using 

SPSS for Windows, version 18.0 (SPSS, Chicago, IL, USA). The 
survey results were expressed as frequency and percentage, 
and mean ± SD. Student’s t-test and ANOVA (Duncan’s mul-
tiple range test) were performed to compare the difference in 
the means among groups. 

Results
The general characteristics of the subjects are shown in 

Table 1. The 62 children included 33 boys (53.2%) and 29 girls 
(46.8%). The age distribution by sex using 2-year intervals 
showed that children between 5-7 years of age constituted 
the highest ratio (21.0%). In boys, the 5-7 year age group was 
the highest (24.2%). In girls, the 3-5 year age group was the 
highest (27.6%).

The number/types of restricted food groups in children with 
AD are listed in Tables 2 and 3. Thirty one (50.0%) patients 
had no food restriction. Restrictions of 1-3, 3-10, and over 10 
foods were noted in 19.4%, 24.2%, and 6.4% of children, re-
spectively. Among the restricted foods, soda (11.9%) was the 
highest, followed in decreasing order by food additives (9.2%), 
walnut (7.0%), peanut (7.0%), and other nuts (5.9%). Twenty 
seven of the restricted foods were classified into food groups 
including eggs, milk & dairy products (milk, cheese, plain yo-
gurt), beans (Doenjang, tofu, soy milk), nuts (peanut, walnut, 
other nuts), grains (wheat, buckwheat), shellfish & crustacean 
(shrimp, crab, shellfish, abalone, oyster, squid, small octopus, 
octopus), fish (white flesh fish, red flesh fish), meats (beef, 
chicken, pork), and processed foods (soda, food additives). The 
restriction for the shellfish & crustacean was the most preva-
lent (24.9%), followed in decreasing order by processed foods 
(21.1), nuts (20.0%), milk & dairy products (9.2%), and meats 
(8.1%).

The %KDRIs by the number of restricted foods is shown in 
Table 4. The ratio of vitamin C intake for the recommended in-

take was significantly high in more than three restricted group 
(NRF ≥ 3; 228.5%) compared to non-restricted group (NRF 
= 0; 137.3%) and one to three restricted group (1 ≤ NRF < 3; 
97.3%) (p < 0.05). There were no significant differences in the 
ratio of nutrient intake depending on the number of restricted 
foods.

Table 5 shows the ratio of food intake from each group by 
the number of restricted foods. The foods eaten by the sub-
jects were divided into five food groups (grains, fish & meats 
vegetables, fruits and milk & dairy products). The intake (g) 
of each food group was divided by the intake (g) of all foods 
consumed to calculate the intake ratio (%). The intake ratio 
of each food group was compared among the non-restricted 
group (NRF = 0), one to three restricted group (1 ≤ NRF < 3) 
and more than three restricted group (NRF ≥ 3). Even though 
there was no significant difference, more than three restricted 
group ingested more fruits (19.4 ± 16.9) and less fish and 
poultry (7.4 ± 5.0) than the non-restricted group and one to 
three restricted group, suggesting that food consumption pat-
tern resulted in high intake of vitamin C in more than three 
restricted group.

The SCORAD score of the subjects was measured for 4 
months and the degree of improvement was evaluated using 
this score. Changes of SCORAD scores between the first and 
last month depending on the number of restricted foods are 
depicted in Figure 1. The average SCORAD score of the non-
restricted group and one to three restricted group decreased 
significantly with time. 

Discussion
In this study, the effects of food restriction, types of re-

stricted foods, and restricted diet on the changes in nutrient 
intakes and the severity of the disease were investigated in 
children aged 1-13 years with moderate to severe AD. Half of 
the subjects were restricted in some foods, with restrictions 
to up to three foods in 19.4%, 3-10 foods in 24.2%, and more 

Table 1. Number of the subjects according to age

Age, yr 1 ≤ age < 3 3 ≤ age < 5 5 ≤ age < 7 7 ≤ age < 9 9 ≤ age < 11 Age ≥ 11 Total (%)

Sex

Male 5 4 8 6 6 4 	 33	(53.2)

Female 6 8 5 6 3 1 	 29	(46.8)

Total 11 12 13 12 9 5 	 62	(100)
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than 10 foods in 6.4%. The subjects in this study, although 
they were patients with at least moderate AD, had fewer num-
ber of restricted foods compared to those in previous reports 
[13]. It might be due to the higher age in our subjects, sug-
gesting the food restriction was eased off as the age of the 
subjects became older. 

The restricted foods, in decreasing order of frequency, were 
soda, food additives, walnut, peanut and other nuts. When 
foods were grouped, the crustacean group was the most 
frequently restricted group, followed by processed foods, 
nuts, milk & dairy products, and meats. Various chemical in-
gredients, such as flavoring agents or preservatives in foods, 
misleadingly have been considered as main AD inducers [14], 
consistent with the predominance of dietary restriction of 
processed foods including soda and food additives in this 
study. 

Restriction of the causative food(s) is very important in the 
treatment of FA, which is highly related to AD, since this will 
prevent the food allergens from entering in the body [15]. Be-
cause strict limitation on foods and their processed products 
is required in a restricted diet, proper education and training to 
distinguish processed foods containing food allergens is pru-
dent. Several studies have reported improvements in symp-
toms after practicing a restricted diet in which problematic 
foods are strictly limited [16]. The intake of alternative foods 
that nutritionally complement the restricted foods should be 
arranged to prevent nutritional deficiency. Also, proper educa-
tion is needed for young patients and their caretakers to plan 
a nutritionally balanced restricted diet.

Presently, calculation of %KDRIs according to the number 
of restricted foods showed that ratio of vitamin C intake was 
significantly high in more than three restricted group com-
pared to the non-restricted group and one to three restricted 
group. Although it has been reported that the ratio of nutri-
ent intake can be decreased by food restriction [17] and the 

Table 3. Restricted foods and food groups in children with 
atopic dermatitis

Restricted food N %

Soda 22 11.9

Food additives 17 9.2

Peanut 13 7.0

Walnut 13 7.0

Other nuts 11 5.9

Egg 9 4.9

Milk 9 4.9

Shrimp 9 4.9

Oyster 8 4.9

Chicken 7 3.8

Red flesh fish 6 3.2

Shellfish 6 3.2

Crab 6 3.2

Buckwheat 5 2.7

Cheese 5 2.7

Octopus 5 2.7

Pork 5 2.7

Soymilk 4 2.2

Squid 4 2.2

Octopus minor 4 2.2

Abalone 4 2.2

Beef 3 1.6

Fermented milk 3 1.6

Doenjang 2 1.1

Tofu 2 1.1

Wheat 2 1.1

Whitefish 1 0.5

Total 185 100.0

Restricted food group N %

Shellfish & crustacean 46 24.9

Processed-foods 39 21.1

Nuts 37 20.0

Milk & dairy products 17 9.2

Meats 15 8.1

Eggs 9 4.9

Beans 8 4.3

Fish 7 3.8

Grains 7 3.8

Total 185 100.0

Table 2. Number of restricted foods in children with atopic 
dermatitis

N %

NRF = 0 31 50.0

1 ≤ NRF < 3 12 19.4

3 ≤ NRF < 10 15 24.2

NRF ≥10 4 6.4

Total 62 100.0

NRF: number of restricted foods.
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ratio of insufficient nutrient intake can be high [13], and cases 
of nutritional deficiency due to insufficient intake of some 
nutrients have been observed [18], the present study did not 
show significant differences. This emphasizes the importance 
of nutrition management and the nutrient intake from alter-
native foods, as problems arise because of constant increase 
of children with AD and the restriction of foods [19]. Thus, it 
is necessary to continuously provide correct information and 
nutrition management for children with moderate to severe 
AD. Also, the ratio of vitamin C intake was significantly high in 
more than three restricted group, supporting the hypothesis 

that vitamin C helps improve chronic inflammation and posi-
tively influences AD [20].

Tanaka et al. [21] reported that the food preference of pa-
tients with AD showed lower preference to milk & dairy prod-
ucts, fish, and vegetables, which are known to induce allergy, 
while the preference for fruits was high and the food intake 
frequency of patients with AD was also lower in food groups 
such as fish, vegetables and nuts, which is similar to the re-
sult of food preference [22]. However, the ratio of food intake 
from each food group by the number of restricted foods was 
not significantly different in grains, fish & meats, vegetables, 

Table 4. %KDRIs of nutrient intakes in the subject by the number of restricted foods

N Mean SD p N Mean SD p

Energy NRF = 0 31 96.7 33.6 0.640 Vitamin E NRF = 0 31 87.9 34.3 0.237

1 ≤ NRF < 3 12 101.9 38.1 1 ≤ NRF < 3 12 82.9 35.5

NRF ≥3 19 108.8 60.1 NRF ≥ 3 19 114.5 95.0

Total 62 101.5 44.0 Total 62 95.4 61.1

Protein NRF = 0 31 157.3 63.9 0.742 Vitamin B1 NRF = 0 31 115.4 44.5 0.813

1 ≤ NRF < 3 12 163.3 66.9 1 ≤ NRF < 3 12 120.4 48.6

NRF ≥ 3 19 176.8 123.6 NRF ≥ 3 19 126.8 86.7

Total 62 164.6 86.8 Total 62 120.0 60.9

Ca NRF = 0 31 76.7 57.5 0.908 Vitamin B2 NRF = 0 31 101.7 57.6 0.865

1 ≤ NRF < 3 12 83.9 61.7 1 ≤ NRF < 3 12 113.3 66.8

NRF ≥ 3 19 84.2 80.9 NRF ≥ 3 19 108.7 83.4

Total 62 80.5 65.5 Total 62 106.1 67.4

P NRF = 0 31 141.1 62.4 0.947 Niacin NRF = 0 31 98.0 38.0 0.855

1 ≤ NRF < 3 12 144.5 71.7 1 ≤ NRF < 3 12 101.0 40.0

NRF ≥ 3 19 148.2 95.3 NRF ≥ 3 19 105.7 62.8

Total 62 144.0 74.8 Total 62 101.0 46.9

Fe NRF = 0 31 77.9 26.0 0.760 Vitamin B6 NRF = 0 31 172.1 67.5 0.319

1 ≤ NRF < 3 12 72.1 26.7 1 ≤ NRF < 3 12 178.8 77.4

NRF ≥ 3 19 83.1 61.5 NRF ≥ 3 19 215.1 145.5

Total 62 78.4 40.4 Total 62 187.0 100.7

Zn NRF = 0 31 84.6 33.0 0.780 Folate NRF = 0 31 111.7 44.8 0.271

1 ≤ NRF < 3 12 89.3 38.7 1 ≤ NRF < 3 12 117.4 70.6

NRF ≥ 3 19 92.9 53.4 NRF ≥ 3 19 158.4 164.5

Total 62 88.1 41.0 Total 62 127.6 103.0

Vitamin A NRF = 0 31 82.5 39.5 0.602 Vitamin C NRF = 0 31 137.3 76.4 0.027*

1 ≤ NRF < 3 12 81.3 47.6 1 ≤ NRF < 3 12 97.3 65.1

NRF ≥ 3 19 108.6 159.8 NRF ≥ 3 19 228.5 129.6

Total 62 90.6 95.6 Total 62 158.6 149.2

KDRIs: Dietary Reference Intakes for Koreans, SD: standard deviation, NRF: number of restricted foods.
*Significantly different by one way ANOVA, *p < 0.05
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fruits and milk & dairy products among three groups. About 
63.3% of patients with AD have accompanying FA [23]. In 

particular, in small children the development of AD is greatly 
influenced by food [24]. Sampson [5] reported that symptoms 
on the skin distinctively improved when the proper restricted 
diet was established after correct diagnosis of food allergens 
that induce AD.

Presently, changes in the severity of AD were investigated 
by comparing SCORAD scores between the second and fifth 
visits over 4 months. The SCORAD score was decreased by 4.9 
(p < 0.05) and 10.15 (p < 0.01) in the non-restricted group and 
one to three restricted group, respectively, and improved with 
significant differences. However, no significant difference was 
observed in more than three restricted group, suggesting that 
food restriction is associated with the severity of AD without 
nutritional deficiency. Further studies on the association nutri-
tion and severity of AD are needed. 

Conclusion
The effects of food restriction on the changes in nutrient 

Table 5. Association between intake percentage of the food groups and the number of restricted foods

N Mean SD P*

Grains NRF = 0 31 41.5 14.0 0.941

1 ≤ NRF < 3 12 43.2 14.9

NRF ≥ 3 19 42.7 19.5

Total 62 42.5 16.2

Fish & meats NRF = 0 31 10.3 6.0 0.205

1 ≤ NRF < 3 12 9.5 4.9

NRF ≥ 3 19 7.4 5.0

Total 62 9.2 5.6

Vegetables NRF = 0 31 10.9 8.0 0.649

1 ≤ NRF < 3 12 9.4 6.2

NRF ≥ 3 19 9.0 8.1

Total 62 10.0 7.7

Fruits NRF = 0 31 13.7 10.1 0.192

1 ≤ NRF < 3 12 11.4 12.5

NRF ≥ 3 19 19.4 16.9

Total 62 15.0 13.1

Milk & dairy products NRF = 0 31 20.3 13.0 0.764

1 ≤ NRF < 3 12 23.3 17.0

NRF ≥ 3 19 19.3 16.7

Total 62 20.6 14.8

SD: standard deviation, NRF: number of restricted foods.
*Significantly different by one way ANOVA.
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Figure 1. Comparison of the change in SCORAD index by 
the number of restricted foods. Significantly different by 
t-test. *p < 0.05, †p < 0.01. SCORAD index: SCORing of atopic 
dermatitis index. NRF: number of restricted foods.
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intakes and the severity of the disease in children with AD 
were investigated. Half of the subjects consumed a diet that 
was restricted. Significant improvement of AD symptom was 
observed in less restricted food group, suggesting that food 
restriction is associated with the severity of AD. It is necessary 
to provide proper nutrition information and systematic and 
continuous nutrition management for balanced nutrient intake 
and disease improvement in children with AD. 
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