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Nutrient intakes of infants with atopic dermatitis and relationship
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BACKGROUND/OBJECTIVES: The prevalence of atopic dermatitis in infants is increasing worldwide. However, the nutrient intake
status of infants with atopic dermatitis has not been studied properly. This study was conducted to compare the nutrient
intake status of infants in the weaning period with atopic dermatitis by feeding type.
MATERIALS/METHODS: Feeding types, nutrient intake status and growth status of 98 infants with atopic dermatitis from age
6 to 12 months were investigated. Feeding types were surveyed using questionnaires, and daily intakes were recorded by
mothers using the 24-hour recall method. Growth and iron status were also measured.
RESULTS: The result showed that breastfed infants consumed less energy and 13 nutrients compared to formula-fed or mixed-fed
infants (P < 0.001). The breastfed group showed a significantly lower intake rate to the Dietary Reference Intakes for Koreans
than the other two groups (P < 0.001). In addition, they consumed less than 75% of the recommended intakes in all nutrients,
except for protein and vitamin A, and in particular, iron intake was very low, showing just 18.7% of the recommended intake.
There was no significant difference in growth by feeding type, but breastfed infants showed a significantly higher rate of
iron deficiency anemia (P < 0.001).
CONCLUSIONS: Continuous management programs should be prepared for breastfed infants with atopic dermatitis, who are
in a period when rapid growth takes place and proper nutrient intake is essential.
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INTRODUCTION9)
Atopic dermatitis is a type of chronic relapsing eczema
accompanying itchiness, which is one of the allergic diseases
[1]. The prevalence of allergic diseases including atopic dermatitis
is increasing worldwide [2-3], and the attack rate in infants and
children is two or three times higher compared to the attack
rate in adults [4].
Relations between atopic dermatitis and food are very high
[5-7], and major antigenic foods include eggs, milk, soybeans,
peanuts etc. [8-10]. These foods are good suppliers of nutrients
for growth of infants and therefore the nutrition deficiency due
to the limitation of such foods was suggested one of the risk
factors for growth retardation in infants with atopic dermatitis
[11-15]. Many studies have found that infants and children with
atopic dermatitis experienced retarded growth compared to
their peer groups [15-19].
Breastfeeding is known to reduce the incidence of allergic
diseases [20]. At least four months of breastfeeding after birth

was more effective to decrease the incidence of atopic
dermatitis [21] and a two-year cohort study with 4,089 newborn
babies showed that breastfeeding only prevented early incidence
of allergic disease including atopic dermatitis [22]. For this
reason, breastfeeding is recommended for infants with atopic
dermatitis [23].
Breast milk is superior to milk formulas because it includes
nutrients and immune properties, which are essential for infants
to grow and develop for one year [24]. However, five months
after birth, nutrient level in breast milk starts to decrease and
iron and other minerals, protein and vitamins become insufficient,
so, from 4-6 months after birth, baby food should be provided
to infants while continuing breastfeeding, to encourage them
to consume proper food according to their growth [25-26]. Only
breastfeeding more than six months or a belated start to baby
food intake may lead to nutrient deficiency [27]. In the case
of infants with atopic dermatitis, limitation of foods, which
cause allergies, is common, which results in a longer breastfeeding period compared to their normal peers. Failure to
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change from breastfeeding to baby food intake in time could
put infants in danger of nutrient deficiency.
Moreover, when mothers breastfeed babies with food allergies,
they are advised to carry out dietary restriction. Because it was
found that proteins in antigenic foods, such as eggs, milk,
wheat, peanuts, etc., were transferred to infants through breast
milk and caused a food allergy [28-29]. Thus, infants with atopic
dermatitis breastfed by mothers with a limited diet have more
chance to consume relatively less nutritious breast milk.
Nutrient shortage from breastfeeding accompanied with a lack
of proper baby food may have a negative effect on the growth
of infants with atopic dermatitis.
Until now, studies about the effects of breastfeeding on the
incidence of atopic dermatitis among infants have actively been
performed [20-23], but the nutrient intake status of infants with
atopic dermatitis has not been studied properly. With regard
to feeding type, studies have found influences of different
feeding type (i.e. breastfeeding, formula-feeding or mixedfeeding) on nutrients intakes and growth patterns in healthy
infants through the first year of life [30-32]. However, there is
no comparison analysis of the effect of feeding type on nutrient
intakes of infants and children with atopic dermatitis. This study
investigated feeding types and dietary intake status in infants
with atopic dermatitis between the ages of 6 months and 12
months, who are in the weaning period, and compared their
nutrient intake and growth status by feeding type. We aimed
to identify the problems in nutrient intakes of infants with
atopic dermatitis by feeding type and to propose direction for
improvement in dietary intervention and nutritional education
for infants with atopic dermatitis.

SUBJECTS AND METHODS
Participants
The subjects of this study were 98 infants with atopic
dermatitis between the ages of 6 months and 12 months. The
subjects were recruited among infants at that age, who visited
the allergy center of a hospital in Seoul from January 2011 to
November 2011. A food allergy of the subjects was diagnosed
using blood tests and food challenges. The subjects were
divided into three groups: breastfed (exclusively breastfed),
formula-fed (exclusively formula-fed) and mixed-fed group
(both breastfed and formula-fed). The protocol of the present
study was reviewed and approved by the Institutional Review
Board of Samsung Medical Center.
Measures
For survey, self-administered questionnaires were given to the
mothers of the 98 subjects. The questions consisted of general
characteristics of the subjects such as sex and age, feeding type,
feeding frequency, feeding time, feeding amount and baby
food start period. Dietary intakes of the subjects were
investigated using the 24-hour recall method, and the mothers
were asked to record all foods that the subjects consumed for
one day. Food models, pictures of different portion sizes of
dishes and detailed instruments were used to maximize the
accuracy in estimation of the quantity of food consumed. With
regard to the amount of breast milk intake, the intake of

average Korean infant per day of 750 ml [33], feeding frequency
per day of 7.2-9.2 times and average feeding time of 15 minutes
[34] were assumed, and the amount of breast milk per one
feeding was calculated as 100 ml. Physical measurements and
blood samples were taken to assess the growth status of the
subjects. Their heights and weights were measured by a
professional nurse in the allergy center and blood samples were
taken by a pediatrician.
Dietary intakes
Dietary intake data provided from the 24-hour recall method
was analyzed using CAN-pro 3.0, professional software for
nutrient calculation. Nutrients in breast milk not included in the
CAN-pro 3.0 database were calculated referring to foreign
literature [35-36].
Dietary intakes of the subjects were calculated, being
classified as energy and 13 nutrients (protein, calcium, phosphorus, iron, zinc, vitamin A, vitamin B1, vitamin B2, vitamin B6,
niacin, vitamin C, folic acid and vitamin D). Also, the data
“Dietary Reference Intakes for Koreans” was used to assess the
nutrient intakes of the subjects. Energy was calculated as intake
rate against Estimated Energy Requirement (EER), and the other
13 nutrients were calculated as intake rates against Recommended Intake (RI) or Adequate Intake (AI) according to age.
Growth and iron status
With regard to growth of the subjects, heights and weights
of the subjects were compared with the Children Growth
Standard, referring to 2007 Korean National Growth Charts [37].
Measurements were converted to Z-scores for height for age
(HAZ), Z-scores for weight for age (WAZ) and Z-scores for weight
for height (WHZ). Subjects with Z-scores between -1SD and 1SD
were classified as ‘normal group in nutrition, and subjects with
lower than -1SD or higher than 1SD of Z-scores were classified
as ‘group with a risk of nutrient deficiency’ or ‘group with a
risk of overnutrition” respectively. To assess anemia status,
hemoglobin and hematocrit levels in venous blood samples
were examined using an automatic blood analyzer. Iron deficiency
anemia (IDA) was identified as lower than 11.5g/dl of hemoglobin level and lower than 35% of hematocrit level [38].
Statistical analysis
All data was statistically analyzed using SPSS for Window 18.0.
The subjects were divided into a breastfed group, formula-fed
group and mixed-fed group for comparison analysis. Analyzed
results were presented as frequency and percentage or mean
and standard deviation. The Chi-squared test or ANOVA
(Duncan’s multiple range test) was used to check if there are
significant differences among the three groups.

RESULTS
General characteristics
The general characteristics of subjects are shown in Table 1.
The number of boys was greater than the number of girls;
among the total of 98 subjects, boys comprised 64 (65.3%) and
girls 34 (34.7%). The average age of the subjects was 7.7
months, with 54 infants (54.1%) at the age of 6-8 months and
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Table 1. General characteristics of subjects
Characteristics
Sex
Age (month)

Anthropometric
Feeding type

Table 3. Mean values of %RDA of daily nutrient intakes of subjects by feeding
type

n (%) / Mean ± SD

Male

64 (65.3)

Female

34 (34.7)

6-9

54 (54.1)

67.7 ± 16.24)a

Energy

84.5 ± 21.7b

89.3 ± 21.5b

< 0.001

b

121.1 ± 44.6b

< 0.001

b

a

129.8 ± 45.7

a

44 (44.9)

Protein

79.6 ± 25.4

Mean

7.7 ± 2.1

Ca

60.6 ± 24.3

142.5 ± 40.0

b

123.8 ± 57.7

< 0.001

Height (cm)

70.0 ± 3.5

P

45.7 ± 26.1a

101.9 ± 32.8c

83.3 ± 38.7b

< 0.001

Weight (kg)

8.6 ± 1.2

Fe

18.7 ± 19.6a

105.0 ± 34.3c

75.5 ± 49.1b

< 0.001

Breastfed

53 (54.1)

Zn

73.3 ± 20.7

127.3 ± 36.3

b

113.3 ± 35.5

b

< 0.001

Vitamin A

84.7 ± 27.7a

119.9 ± 28.7b

126.3 ± 39.2b

< 0.001

Vitamin B1

50.5 ± 33.8a

139.4 ± 39.4c

112.9 ± 60.0b

< 0.001

Vitamin B2

66.3 ± 28.5

158.8 ± 50.5

132.8 ± 55.8

b

< 0.001

Vitamin B6

61.6 ± 58.2a

153.1 ± 59.0b

122.0 ± 77.7b

< 0.001

Niacin

64.5 ± 42.3a

167.7 ± 48.5c

139.2 ± 62.4b

< 0.001

Vitamin C

68.1 ± 36.1

130.6 ± 59.1

114.0 ± 47.4

b

< 0.001

Folate

54.7 ± 30.0a

115.5 ± 49.2b

101.9 ± 43.2b

< 0.001

Vitamin D

37.3 ± 60.5a

128.9 ± 98.3c

81.2 ± 79.5b

< 0.001

Formula-fed

29 (29.6)

Mixed-fed

16 (16.3)

BF
(n = 53)

FF
(n = 29)

MF
(n = 16)

2)

P-value

4)a

444.5 ± 102.0
9.9 ± 3.3a

b

591.6 ± 136.0
17.0 ± 5.6b

627.4 ± 151.6

< 0.001

15.9 ± 5.2b

< 0.001

181.8 ± 72.9

a

427.4 ± 119.9

371.3 ± 173.2

b

< 0.001

P (mg)

137.1 ± 78.3a

305.8 ± 93.3b

249.9 ± 116.1b

< 0.001

Fe (mg)

1.1 ± 1.2a

6.3 ± 2.1b

4.5 ± 2.9c

< 0.001

Zn (mg)

2.1 ± 0.6

3.6 ± 1.0

3.2 ± 1.0

b

< 0.001

Vitamin A (μgRE)

338.9 ± 110.8a

479.8 ± 114.6b

505.1 ± 156.7b

< 0.001

Vitamin B1 (mg)

0.2 ± 0.1a

0.4 ± 0.1b

0.3 ± 0.2b

< 0.001

Vitamin B2 (mg)

0.3 ± 0.1

b

< 0.001

a

b

b

Ca (mg)

b

a

b

0.6 ± 0.2

0.5 ± 0.2

a

a

a

Classification

0.2 ± 0.2

0.5 ± 0.2

0.4 ± 0.2

< 0.001

1.9 ± 1.3a

5.0 ± 1.5b

4.2 ± 1.9b

< 0.001

-1 < Z < 1

a

Vitamin C (mg)

30.7 ± 16.2

58.8 ± 26.6

51.3 ± 21.3

b

< 0.001

Folate (μgDFE)

43.8 ± 24.0a

92.4 ± 39.3b

81.5 ± 34.5b

< 0.001

a

1.9 ± 3.0

b

b

b

5.8 ± 4.5

b

4.1 ± 4.0

Height for age
Z score

< 0.001

BF, Breastfed; FF, Formula-fed; MF, Mixed-fed
1)
Values in the same row with different superscripted letters are significantly different
at P < 0.05 using ANOVA and Duncan’s multiple range test.
2)
P-value by ANOVA analysis.

Nutrient intakes according to feeding type
Table 2 shows the daily nutrient intakes of subjects by feeding
type. Energy intake of the breastfed group was significantly low
compared to the formula-fed group or mixed-fed group (P <
0.001). With regard to protein, four minerals (calcium, phosphorus, iron and zinc) and eight vitamins (vitamin A, vitamin
B1, vitamin B2, vitamin B6, niacin, vitamin C, folic acid and vitamin
D), the average intakes of the breastfed group were significantly
insufficient compared to the other two groups (P < 0.001). In
particular, the iron intake of a breastfed group was 1.1 mg,
which is much less than the formula-fed group (6.3 mg) or
mixed-fed group (4.5 mg).
The mean values of %RDA of daily nutrient intakes of subjects
by feeding type were shown in Table 3. Intake rates to EER
were 67.7%, 84.5% and 89.3% in the breastfed group, formula-

MF
(n = 16)

1)

P-value

Weight for age
Z score

7 (13.2)

3 (10.3)

3 (18.8)

44 (83.0)

24 (82.8)

10 (62.5)

Z≥1

2 (3.8)

2 (6.9)

3 (18.8)

Mean

-0.26 ± 0.69

-0.22 ± 0.77

-0.20 ±
1.04

8 (15.1)

3 (10.3)

2 (12.5)

-1 < Z < 1

40 (75.5)

25 (86.2)

10 (62.5)

Z≥1

5 (9.4)

1 (3.4)

4 (25.0)

Mean

-0.05 ± 0.98

Weight for height -1 < Z < 1
Z score
Z≥1
Mean

0.276
0.961

Z ≤ -1

Z ≤ -1

44 infants (44.9%) at the age of 9-12 months. The average
height was 70.0cm and the average weight was 8.6kg. More
than a half of the subjects (54.1%) were breastfed, and 30%
of the subjects were formula-fed and 16% mixed-fed.

FF
(n = 29)

BF
(n = 53)

n (%) / Mean ± SD

Niacin (mg)

b

b

Table 4. Growth status of subjects by feeding type

Vitamin B6 (mg)

a

c

BF, Breastfed; FF, Formula-fed; MF, Mixed-fed
1)
Values in the same row with different superscripted letters are significantly different
at P < 0.05 using ANOVA and Duncan’s multiple range test.
2)
P-value by ANOVA analysis.

Z ≤ -1

Vitamin D (μg)

P-value2)

9-12

Mean ± SD
Protein (g)

MF
(n = 16)
1)

1)

Energy (kcal)

FF
(n = 29)
Mean (%) ± SD

Table 2. Daily nutrient intakes of subjects by feeding type
Nutrient

BF
(n = 53)

Nutrient

-0.09 ± 0.82 0.18 ± 1.09

0.210
0.646

6 (11.3)

3 (10.3)

2 (12.5)

34 (64.2)

23 (79.3)

11 (68.8)

13 (24.5)

3 (10.3)

3 (18.8)

0.15 ± 1.05

0.03 ± 0.74

0.33 ± 0.97

0.594

MF
(n = 16)

P-value2)

0.624

BF, Breastfed; FF, Formula-fed; MF, Mixed-fed
1)
P-value by Chi-squared test or ANOVA analysis.
Table 5. Iron status of subjects by feeding type.
Classification

BF
(n = 53)

FF
(n = 29)
1)

n (%) / Mean ± SD
Hemoglobin
(g/dl)

Hematocrit (%)

< 11.5

23 (43.4)

1 (3.4)

2 (12.5)

≥ 11.5

30 (56.6)

28 (96.6)

14 (87.5)

a

b

b

< 0.001

Mean

11.3 ± 1.0

12.3 ± 0.8

11.8 ± 0.9

< 0.001

<35

31 (58.5)

4 (13.8)

5 (31.3)

< 0.001

≥ 35

22 (41.5)

25 (86.2)

11 (68.8)

Mean

34.4 ± 2.8

a

b

36.9 ± 2.4

b

35.4 ± 2.3

0.001

BF, Breastfed; FF, Formula-fed; MF, Mixed-fed
1)
Values in the same row with different superscripted letters are significantly different
at P < 0.05 using ANOVA and Duncan’s multiple range test.
2)
P-value by Chi-square test or ANOVA analysis.
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fed group and mixed-fed group, respectively, showing insufficient intakes in all groups. The intake rate of the breastfed
group was significantly lower than the other two groups (P <
0.001). Nutrient intakes in the formula-fed or mixed-fed group
were near or over the recommended intake amount, except
for iron. By and large, the intake rates to the recommended
allowance in the formula-fed group were higher than the
mixed-fed group, but there were no significant differences
between the two groups except for iron. The breastfed group
consumed less than 75% of the recommended intakes in all
nutrients except for protein (79.6%) and vitamin A (84.7%). In
particular, iron and vitamin D intake rates were very low,
showing just 18.7% and 37.3%, respectively.
Growth and iron status
Table 4 shows the Z-score data for all anthropometric
variables in each group of subjects. There were no significant
differences in the growth status of the subjects by feeding type.
Table 5 shows the iron status of subjects by feeding type. Iron
status showed the significant differences between feeding type
groups. The average hemoglobin levels of the breastfed,
formula-fed and mixed-fed groups were 11.3 g/dl, 12.3 g/dl and
11.8 g/dl, respectively, and the level of the breastfed group was
significantly lower than the formula-fed or mixed-fed group (P
< 0.001). The average hematocrit levels of the breastfed,
formula-fed and mixed-fed groups were 34.5%, 37.0% and
35.4%, respectively, and the breastfed group showed a
significantly lower level than the formula-fed or mixed-fed
group (P = 0.001). In the breastfed group, 43.4% of subjects
recorded a lower hemoglobin level than a normal level (< 11.5
g/dl), and 58.5% of the subjects showed lower than 35% in
the hematocrit level, which means almost a half of the breastfed
group has iron deficiency anemia.

DISCUSSION
According to the feeding type survey on 98 infants with
atopic dermatitis in the weaning period, the rate of breastfeeding and mixed-feeding was 70.4%, much higher than
formula-feeding (29.6%). Only breastfeeding accounted for
more than a half. Compared to the 36.2% of breastfeeding for
six months in Korean mothers in 2011 [39], the rate of breastfed
infant among the subjects at the age of 6-12 months in the
current study was noticeably high. The result seems to come
from the recent campaign to recommend breastfeeding in
Korea and the recognition of mothers about immune properties
of breast milk to enhance prevention of atopic dermatitis [22].
However, compared to the formula-fed group or mixed-fed
group, nutrient intake of the breastfed group was not desirable,
showing insufficient intakes of energy and 13 minerals and
vitamins. Energy intake of the breastfed was only 67.7% of EER,
and average intakes of all nutrients, except for protein and
vitamin A, did not reach even 75% of the RDA or Adequate
Intake (AI). Infants with atopic dermatitis usually practice diet
limitation to avoid allergenic foods and breastfed infants with
atopic dermatitis, in particular, tend to fail to consume proper
baby food, compared to their normal peers. It was reported
that Korean infants with atopic dermatitis aged 0-36 months

had insufficient energy and intakes of calcium, phosphorus, iron,
zinc and vitamin B2 compared to the healthy infants [40].
Moreover, the previous study investigating nutrient intakes of
healthy infants aged 4-9 months in relation to the feeding type
showed that breast-fed infants tended to have lower intakes
of energy and protein compared to infants formula-fed or
mixed-fed [41]. Therefore, the results of the current study
showed the possibility that infants with atopic dermatitis
exclusively breastfed can be at risk for more severe multiple
nutrient deficiencies compared to their peer group.
With regard to iron, intake status by feeding type was
obviously different. The intake rate of the breastfed group was
really serious, with less than 20% of RDA. The hemoglobin level
and hematocrit level, which are important factors for diagnosing iron deficiency anemia, were lowest in the breastfed group.
In addition, half the breastfed group had iron deficiency anemia,
which means breastfed infants with dermatitis have a high risk
of iron deficiency anemia.
Regardless of atopic dermatitis, the relation between breastfeeding and the lack of iron intake is well known [42]. Healthy
breastfed babies store sufficient amount of iron from their
mothers in their bodies, so they do not seem to suffer from
iron deficiency until six months after birth, but from six months
after birth, the iron level of breast milk sharply decreases [43].
Thus, if infants at the age of more than 6 months continue
to be breastfed or eat iron-insufficient baby food, they have
more possibility to experience iron deficiency anemia [44]. In
the case of infants with atopic dermatitis, animal food, which
is usually an allergic food but a major source of iron, is usually
limited, so the risk of iron deficiency is even higher. Therefore,
baby food increasing iron absorption rate should be provided
to breastfed infants with atopic dermatitis, or if baby food intake
is not available, iron supplements should be provided.
During weaning period, nutrient intake through dietary
consumption becomes more important than breastfeeding for
babies, so nutrient intake status through baby food or food
supplements may influence the growth. Also, breastfeeding
only for more than 6 months or belated consumption of baby
food leads to nutrient deficiency [27]. In the current study,
however, there were no significant differences in growth status
of subjects by feeding type. It was reported no significant
growth difference in healthy infants by feeding type from birth
till sixth month of age, in spite of the significant lower intakes
of energy and nutrients in breast-fed infants than in formula-fed
infants [45]. Agostoni et al. [12] found that the early type of
feeding seems to have only a marginal influence on growth
in infants with atopic dermatitis during the first year of life.
None the less, atopic dermatitis is related to retarded growth
[15-16]. Therefore, nutrition management programs should be
developed to supplement insufficient nutrients, not only iron
but other minerals and vitamins, for breastfed infants with
atopic dermatitis.
Meanwhile, breastfeeding mothers are usually asked to limit
their food intake because allergic food consumed by mothers
can be transferred to infants through breast milk [28-29]. That
results in a stronger likelihood that breastfeeding mothers will
consume insufficient nutrients. It was reported that Korean
breastfeeding mothers of normal infants consume insufficient
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energy and nutrients [46-47], so breastfeeding mothers of
infants with atopic dermatitis, who practice food limitation,
have a higher risk of nutrient deficiency. Nutrient deficiency
in breastfeeding mothers may cause a decrease in the amount
of breast milk and a change in the nutrient composition of
breast milk, which directly affects the nutrient intake status of
breastfed infants [48]. Breastfeeding mothers of infants with
atopic dermatitis should avoid allergy causing foods but should
also consume sufficient nutrients to provide healthy breast milk
with a proper nutrient composition for their infants. Therefore,
nutrition education and management to increase awareness of
the importance of vitamin and mineral intake of breastfeeding
mothers is needed. In addition, continuous management
programs should be prepared for infants with atopic dermatitis,
who are in a period when rapid growth takes place and proper
nutrient intake is essential.
This study is meaningful in calling attention to the importance
of nutritional education and intervention for breastfed infants
with atopic dermatitis. However, caution should be taken when
interpreting and generalizing the study results due to the
limitation in the number of subjects. Breast milk intakes in
infants were estimated by the feeding frequency per day and
the average amount of breast milk per one feeding instead of
measuring the real intake amounts. A single day dietary recall
does not capture the usual intake of individuals because most
individuals’ diets vary day-to-day. Another limitation is that the
dietary intake status of the subjects’ mothers by feeding type
was not investigated. Therefore, a broader and in-depth study
about the effects of feeding types on the nutrient status of
infants with atopic dermatitis should be conducted in the
future, based on the results of this study, and an investigation
into the diet quality of mothers of infants with atopic dermatitis
should also be carried out.
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