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Original article

Background: Complementary food in infancy is necessary for 
human growth, neurodevelopment, and health. However, the 
role of allergen consumption in early infancy and its effects on 
the development of food allergy or tolerance remain unclear.
Purpose: To investigate the influence of age at the time of com
plementary food introduction on the development of asthma 
and atopic dermatitis in Korean children aged 1–3 years.
Methods: We combined data from the Korea National Health 
and Nutrition Examination Survey collected from 2010 to 
2014 and analyzed 1619 children aged 1–3 years who were 
included in the survey. Multivariate regression analysis was used 
to identify associations among type of feeding, age at the time of 
complementary food introduction, and doctordiagnosed atopic 
dermatitis and asthma.
Results: Age at the time of complementary food introduction 
was not significantly associated with doctordiagnosed atopic 
dermatitis and asthma in children aged 1–3 years. In the univa
riate analysis, children with asthma showed higher water and 
sodium intake levels than nonasthmatic children. However, this 
relationship was not significant in the multivariate regression 
analysis.
Conclusion: The present study revealed no statistically signifi
cant relationship between age at the time of complementary food 
introduction and the risk of atopic dermatitis and asthma in 
young Korean children. A national prospective study is needed 
to clarify the influence of age at the time of complementary food 
introduction on the development of allergic diseases.

Key words: Complementary feeding, Asthma, Atopic der
matitis, Child

Key message

Question: Is age at the time of complementary food introduction 
associated with asthma and atopic dermatitis (AD) in early child
hood?

Finding: We found no significant association between age at the  
time of complementary food introduction and the incidence 
of AD and asthma in Koreans aged 1–3 years.

Meaning: Our findings suggest that the influence of individual 
allergenic foods on the development of AD and asthma 
should be clarified.

Introduction

Asthma and atopic dermatitis (AD) are common chronic dis
eases in children worldwide.1) Infants with AD may develop 
allergic rhinitis and/or asthma later in childhood, in a process 
known as the atopic march.2) Allergic diseases are multifactorial, 
chronic inflammatory disorders resulting from interactions of 
genetic, immune, and environmental factors. Environmental 
factors, such as urban versus rural settings and climate, are risk 
factors that influence the development of these allergic diseases. 
Diet, breastfeeding, the timing of complementary food introduc
tion, physical exercise, and obesity, along with factors associated 
with exposure to microbes, such as having pets, treatment with 
antibiotics, and the gut microbiome, have also been suggested to 
influence the development of these diseases.3)

During early infancy, the gut is first exposed to different food 
antigens, which may exert an influence on the development of 
oral immune tolerance.4,5) Complementary food in infancy is 
necessary for growth, neurodevelopment, and further health.6) 
In addition to the nutritional aspects, the introduction of com
plementary food in infants is also important with regard to the 
development of allergic diseases.7) Until recently, it was generally 
considered that early exposure to solid food in infancy was asso
ciated with the development of allergies. Furthermore, prolonged 
exclusive breastfeeding, which is widely advocated as a preventive 
measure for allergic diseases, is related to delayed introduction of 
complementary food. The timing of complementary food intro
duction in infants has recently attracted increasing attention. 
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the duration of breastfeeding. Similarly, with regard to formula 
feeding, the survey elicited responses as to whether the infant 
was fed formula, the age at introduction of formula feeding, and 
the duration of formula feeding. The survey also asked about 
age at the introduction of whole milk. The nutrient intake levels, 
including water, sodium, and fatty acids, were examined by ana
lyzing total daily food intake. The age, sex, body mass index 
(BMI), and birth weight were also examined.

The KNHANES from 2011 to 2014 did not include questions 
about food allergies. The prevalence of allergic rhinitis was not 
analyzed because the diagnosis is not accurate in young children 
<4 years old.

3. Statistical analysis

Statistical analysis was performed with SPSS ver. 14.0 (SPSS 
Inc., Chicago, IL, USA). Differences in the characteristics of par
ticipants between the AD and nonAD groups and the asthma 
and nonasthma groups were examined using Student t test and 
the χ2 test. Continuous variables are presented as means±standard 
error (SE), and categorical variables are presented as percentages± 
SE. Logistic regression analysis was used to investigate the asso
ciations between prevalence of AD or asthma and age at introduc
tion of complementary food. All P values of less than 0.05 were 
considered statistical significance.

Results

1. Characteristics of the study population

Tables 1 and 2 show the characteristics of the study population 
divided according to the diagnosis of asthma or AD, respectively. 
The study population consisted of a total of 1,525 participants 
ranging in age from 12 to 47 months (mean±SE, 28.95±10.41 
months). Among the 1,525 participants, 787 (51.6%) were male 
and 738 (48.4%) were female. The prevalence rates of doctor
diagnosed asthma and AD were 2.8% (43 of 1,525 individuals) 
and 10.7% (163 of 1,525 individuals), respectively. Among the 
participants, 23 children (1.6%) were introduced to complemen
tary food before 4 months, 368 (25.8%) at 4 to 5 months, and 
more than half (1,034 children, 72.6%) from 6 months. Among 
the participants, 89.2% had been breastfed at least once.

2. Associations between the age at introduction of complemen

tary food and the prevalence rates of asthma and AD

The mean age of children with doctordiagnosed asthma or 
AD was significantly higher than that of children without asthma 
or AD (Tables 1, 2). The result was similar when adjusted for 
other confounding factors, such as sex, BMI, birth weight, and 
feeding characteristics (Tables 3, 4).

None of the participants who were diagnosed with asthma 
started complementary food before 4 months, so the group 
starting complementary food from 6 months was set as the re
ference. Most infants (72.6%) started complementary food from 
the age of 6 months. Compared with the children who started 

Although the mechanism underlying the maturation of the 
mucosal immune system is still unknown, recent studies have 
suggested that the early introduction of complementary food has 
a protective effect against the development of allergic diseases.8,9) 
However, the roles of allergen consumption in early infancy and 
their impact on the development of allergy or tolerance to food 
are still controversial. A recent metaanalysis reported that the 
timing of solid food introduction was not associated with the de
velopment of eczema.10)

For the prevention of allergies and asthma in children, most 
recent guidelines recommend that infants should be exclusively 
breastfed for the first 4 to 6 months, with the introduction of 
complementary food after the age of 4 months according to 
normal standard weaning practices for all children regardless of 
atopic heredity.6,11,12)

This study was performed to investigate the influence of age 
at the introduction of complementary food on the development 
of asthma and AD in Korean children aged 1 to 3 years, and 
to identify possible risk factors for asthma and AD in young 
children, based on the Korea National Health and Nutrition 
Examination Survey (KNHANES) collected from 2010 to 
2014.13)

Methods

1. Study design and population

We combined data from the KNHANES, a national surveil
lance system regarding nutrition, health, and physical examina
tion performed by the Korea Centers for Disease Control and 
Prevention (KCDC),13) collected from 2010 to 2014. The 
KNHANES is a crosssectional survey conducted annually in 
representative noninstitutionalized people in Korea, and it was 
approved by the Institutional Review Board of KCDC. The 
survey consisted of 3 components, i.e., a health interview, health 
examination, and nutrition survey. From among 1,619 children 
(2010, n=363; 2011, n=351; 2012, n=297; 2013, n=311; 
2014, n=297) 1 to 3 years old included in the survey, we excluded 
those for whom responses to questions about AD or asthma 
were not provided, and 1,525 children were finally selected for 
inclusion in this study.

2. Variables

Participants with a “yes” response to questions about doctor
diagnosed AD or doctordiagnosed asthma were classified as 
having AD or asthma, respectively. The age at diagnosis was also 
recorded for those with a “yes” response to the above questions.

With regard to feeding, participants were surveyed regarding 
age at the introduction of complementary food. Participants were 
divided into 3 groups based on age at introduction of complemen
tary food: <4 months, 4 to 5 months, and ≥6 months. Other 
feeding types, including breastfeeding and formula feeding, were 
also surveyed. The survey elicited responses as to whether the 
infant was breastfed, the age at introduction of breastfeeding, and 
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complementary food from 6 months, there was no significant 
difference in the prevalence of asthma according to the age at 
introduction of complementary food (Tables 1, 3). In both univa
riate and univariate logistic regression analyses, the age at intro
duction of complementary food was not associated with the 
prevalence of AD (Tables 2, 4).

3. Influence of other factors on the prevalence rates of asthma 

and AD

In univariate analysis, the diagnosis of asthma and the diagnosis 
of AD were positively associated with each other (odds ratio 
[OR], 1.96), but the association was not statistically significant 
(P=0.094). The prevalence of asthma was higher in males in 
univariate analysis (OR, 1.98; 95% confidence interval [CI], 

1.04–3.77; P=0.038) (Table 3). However, the difference was 
not significant after adjusting for confounding factors (P=0.125) 
(Table 3). The prevalence of AD was also higher in males (P= 
0.026) (Table 2), and the difference remained significant after 
adjusting for other confounding factors (OR, 1.44; 95% CI, 
1.02–2.04; P=0.038) (Table 4).

The levels of water (P=0.007) and sodium intake (P=0.01) 
were positively associated with a diagnosis of asthma, but these 
relations were not significant after adjusting for confounding 
factors (Tables 1, 3). The duration of formula feeding was signi
ficantly inversely associated with AD (OR, 0.97; 95% CI, 0.95–
1.00; P=0.026) (Table 4), but not with asthma. Other feeding 
characteristics, such as the type of feeding (breastfeeding or for
mula feeding) and duration of breastfeeding, were not associated 

Table 1. Patients’ demographic characteristics by asthma status

Characteristic Nonasthma Asthma All P value

No. of subjects 1,482 43 1,525

Age (mo) 28.78±10.41 34.84±8.45 28.95±10.41 <0.001

Sex 0.051

Male 758 (51.1) 29 (67.4) 787 (51.6)

Female 724 (48.9) 14 (32.6) 738 (48.4)

Body mass index (kg/m2) 16.34±1.50 16.46±1.37 16.34±1.50 0.433

Birth weight (kg) 3.21±0.46 3.16±0.55 3.21±0.46 0.668

Feeding characteristics

Breastfeeding 0.842

      Yes 1,249 (89.2) 33 (86.8) 1,282 (89.2)

      No 151 (10.8) 5 (13.2) 156 (10.8)

Duration of BMF (mo) 8.74±6.98 7.79±6.58 8.72±6.97 0.430

Duration of BMF 0.934

    Non 160 (11.4) 5 (13.2) 165 (11.5)

    ≤5 mo 361 (25.8) 11 (28.9) 372 (25.9)

    6–11 mo 298 (21.3) 8 (21.1) 306 (21.3)

    ≥12 mo 580 (41.5) 14 (36.8) 594 (41.3)

Formula feeding 0.984

    Yes 1,015 (72.6) 27 (71.1) 1,042 (72.5)

    No 384 (27.4) 11 (28.9) 395 (27.5)

Duration of formula feeding (mo) 8.41±7.35 8.92±7.55 8.42±7.35 0.727

Introduction of complementary food 0.844

    Before 4 mo 23 (1.7) 0 (0.0) 23 (1.6)

    4-5 mo 358 (25.8) 10 (27.0) 368 (25.8)

    From 6 mo 1,007 (72.6) 27 (73.0) 1,034 (72.6)

Amount of intake (water, sodium, fatty acids)

  Water intake (cup/day) 2.30±1.71 3.07±2.07 2.32±1.72 0.007

  Water intake (g/day) 590.83±318.78 687.01±309.48 593.36±318.81 0.051

  Sodium intake (mg/day) 1,434.87±889.57 1,913.50±1,278.33 1,447.43±904.54 0.010

  Polyunsaturation fatty acid (g/day) 5.65±4.10 7.52±5.63 5.71±4.18 0.095

  Omega-3 fatty acid (g/day) 0.73±0.82 0.72±0.52 0.73±0.81 0.752

  Omega-6 fatty acid (g/day) 5.04±3.69 6.90±5.19 5.11±3.77 0.050

Doctor-diagnosed AD 0.146

  No 1,327 (89.5) 35 (81.4) 1,362 (89.3)

  Yes 155 (10.5) 8 (18.6) 163 (10.7)

Values are presented as mean±standard error or number (%).
BMF, breast-milk feeding; AD, atopic dermatitis.
Boldface indicates a statistically significant difference with P<0.05.
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with the prevalence of asthma and AD. The levels of polyunsa
turated fatty acid and omega3 and omega6 fatty acid intake 
were not related to the development of asthma or AD.

Discussion

This study was performed using the KNHANES data collected 
from 2010 to 2014 to investigate the influence of age at the 
introduction of complementary food on the development of 
asthma and AD. Our data showed no significant differences in 
the prevalence rates of asthma and AD according to the age at 
introduction of complementary food.

The introduction of complementary food in infants involves 

exposure to allergens that may impact the intestinal microbiota 
as well as the future development of allergic diseases.7,14) The 
effect has not been clarified, and recommendations regarding the 
optimal timing for the introduction of infants to solid food have 
been changing.15) In the past, it was recommended that the in
troduction of solid food should be delayed to around 6 months 
of age for children at high risk of allergic diseases, and highly 
allergenic foods, such as peanuts, fish, and seafood, should be 
introduced later.16) However, recent studies have indicated that 
early introduction of complementary food is beneficial to reduce 
the risk of allergic diseases,14,17) or introducing solid food after 4 
months of age does not protect against food allergies.11,18) In one 
casecontrol study performed in Italy, compared to the exclusive 
breastfeeding group, children with early introduction of comple

Table 2. Patients’ demographic characteristics by AD status

Characteristic Non-AD AD All P value

No. of subjects 1,362 163 1,525

Age (mo) 28.72±10.47 30.80±9.68 28.95±10.41 0.015

Sex 0.026

Male 689 (50.6) 98 (60.1) 787 (51.6)

Female 673 (49.4) 65 (39.9) 738 (48.4)

Body mass index (kg/m2) 16.36±1.48 16.23±1.63 16.34±1.50 0.263

Birth weight (kg) 3.21±0.47 3.21±0.42 3.21±0.46 0.847

Feeding characteristics

  Breastfeeding 0.785

    Yes 1,145 (89.0) 137 (90.1) 1,282 (89.2)

    No 141 (11.0) 15 (9.9) 156 (10.8)

  Duration of BMF (mo) 8.63±6.93 9.53±7.27 8.72±6.97 0.152

  Duration of BMF 0.643

    Non 149 (11.6) 16 (10.7) 165 (11.5)

    ≤5 mo 339 (26.3) 33 (22.0) 372 (25.9)

    6–11 mo 272 (21.1) 34 (22.7) 306 (21.3)

    ≥12 mo 527 (40.9) 67 (44.7) 594 (41.3)

  Formula feeding 0.272

    Yes 938 (73.0) 104 (68.4) 1,042 (72.5)

    No 347 (27.0) 48 (31.6) 395 (27.5)

  Duration of formula feeding (mo) 8.56±7.37 7.27±7.11 8.42±7.35 0.047

  Introduction of complementary food 0.808

    Before 4 mo 21 (1.6) 2 (1.3) 23 (1.6)

    4–5 mo 328 (25.7) 40 (26.8) 368 (25.8)

    From 6 mo 927 (72.6) 107 (71.8) 1,034 (72.6)

Amount of intake (water, sodium, fatty acids)

Water intake (cup/day) 2.32±1.75 2.34±1.49 2.32±1.72 0.558

Water intake (g/day) 591.15±319.70 612.19±311.51 593.36±318.81 0.348

Sodium intake (mg/day) 1,454.50±914.90 1,387.12±811.14 1,447.43±904.54 0.65

Polyunsaturation fatty acid (g/day) 5.74±4.21 5.53±3.91 5.71±4.18 0.875

Omega-3 fatty acid (g/day) 0.73±0.83 0.66±0.64 0.73±0.81 0.405

Omega-6 fatty acid (g/day) 5.13±3.81 4.96±3.43 5.11±3.77 0.888

Doctor-diagnosed asthma 0.146

No 1,327 (97.4) 155 (95.1) 1,482 (97.2)

Yes 35 (2.6) 8 (4.9) 43 (2.8)

Values are presented as mean±standard error or number (%).
BMF, breast-milk feeding; AD, atopic dermatitis.
Boldface indicates a statistically significant difference with P<0.05. 
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mentary food at 4 and 5 months had a lower AD risk (OR, 0.41; 
95% CI, 0.20–0.87 and OR, 0.39; 95% CI, 0.18–0.83, respec
tively).17)

Based on the results of recent birth cohort studies, most recent 
guidelines recommend that the introduction of complementary 
food should not be delayed for prevention of allergic diseases, 
regardless of atopic heredity. The World Health Organization 
recommends exclusive breastfeeding up to 6 months of age, 
but this is not specifically aimed at reducing the risk of allergic 
dis eases.11) The guidelines of the European Academy of Allergy 
and Clinical Immunology for the prevention of food allergy 
and ana phylaxis in 2014 recommended exclusive breastfeeding 
for at least the first 4 to 6 months of life, and introduction of 
com plementary food after the age of 4 months for all infants, 
regardless of atopic heredity.19) Therefore, we expected that 
early introduction of complementary food would reduce the 
risk of asthma and AD development. However, the results of the 
present study indicated that early introduction before 4 months 

was not associated with a reduced risk of asthma and AD de
velopment in early childhood. The prevalence rates of asthma 
and AD were also not associated with the timing of comple
mentary food when participants were divided into 2 groups: 
introduction of solid food before versus after 6 months of age 
(data not shown). The proportion of participants who started 
complementary food before 4 months of age was only 1.6%, 
so we divided the participants differently and reanalyzed: <6 
months, 6 to 9 months, and ≥10 months based on age at intro
duction of complementary food. Compared with the children 
who started complementary food before 6 months of age, there 
was a trend of increased prevalence of asthma in children who 
started complementary food from 10 months of age, but it was 
not statistically significant (data not shown). In a recent systemic 
review, there was no relationship between the age when com
plementary feeding first begins and the risk of developing AD/
eczema or asthma.20)

There is accumulating evidence that early introduction of solid 

Table 3. Adjusted association between studied variables and asthma

Characteristic
Univariate logistic regression Multiple logistic regression

OR (95% CI) P value OR (95% CI) P value

Age (mo) 1.06 (1.03–1.1) <0.001 1.05 (1.02–1.09) 0.005

Sex

Female 1.00 - 1.00 -

Male 1.98 (1.04–3.77) 0.038 1.71 (0.86–3.41) 0.125

Introduction of complementary food

Before 4 mo 0 (0–Inf) 0.985 - -

4–5 mo 1.04 (0.5–2.17) 0.913 - -

From 6 mo 1.00 -

Water intake (cup/day) 1.17 (1.04–1.32) 0.010 1.11 (0.97–1.28) 0.136

Sodium intake (mg/day) 1.0004 (1.0001–1.0006) 0.002 1.0002 (1–1.0005) 0.080

Doctor-diagnosed AD

No 1.00 - - -

Yes 1.96 (0.89–4.29) 0.094 - -

OR, odds ratio; CI, confidence interval; AD, atopic dermatitis.
Boldface indicates a statistically significant difference with P<0.05.

Table 4. Adjusted association between studied variables and atopic dermatitis

Characteristics
Univariate logistic regression Multiple logistic regression

OR (95% CI) P value OR (95% CI) P value

Age (mo) 1.02 (1–1.04) 0.016 1.02 (1–1.04) 0.029

Sex

Female 1.00  1.00 

Male 1.47 (1.06–2.05) 0.022 1.44 (1.02–2.04) 0.038

Duration of formula feeding 0.98 (0.95–1) 0.044 0.97 (0.95–1) 0.026

Introduction of complementary food

Before 4 mo 0.62 (0.15–2.63) 0.516 - -

4–5 mo 1.06 (0.72–1.55) 0.779 - -

From 6 mo 1.00 - - -

Doctor-diagnosed asthma

No 1.00 - - -

Yes 1.96 (0.89–4.29) 0.094 - -

OR, odds ratio; CI, confidence interval.
Boldface indicates a statistically significant difference with P<0.05.
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food can reduce the risk of general food allergy.21,22) In a rando
mized control study in the United Kingdom called the Enquiring 
About Tolerance study, the prevalence of any food allergy at the 
age of 1 to 3 years old was significantly lower in the early intro
duction group than in the standard introduction group.21)

Some studies indicated that early supplementation of specific 
food allergens could prevent allergy to that food allergen. The 
Learning Early About Peanut (LEAP) study, demonstrated a signi
ficant reduction in the development of peanut allergy with early 
peanut introduction.22) Similar to the LEAP study, 2step egg 
introduction for Prevention of Egg Allergy in Highrisk Infants 
with Eczema study showed that the early introduction of heated 
egg is an efficacious way to prevent hen’s egg allergy in highrisk 
infants.23)

In most of participants in this study (72.6%) complementary 
food was introduced relatively late, from the age of 6 months, 
with only 25.8% of children starting solid food at 4 to 5 months. 
Similar to our results, in a study performed in Singapore in which 
infants were introduced to egg (49.6%), peanut (88.7%), and 
shellfish (90.2%) after the age of 10 months,24) food allergy rates 
were low despite delayed introduction of allergenic foods, sug
gesting that early introduction of allergenic foods may not be 
important in some populations.

There have been conflicting reports regarding the preventive 
effect of breastfeeding against the development of AD. Many 
studies have reported that breastfeeding reduces the risk of 
AD.2528) A birth cohort study reported that breastfeeding for ≥6 
months, including partial breastfeeding, was significantly asso
ciated with reduced risk of eczema but not allergic rhinitis and 
asthma, and partial breastfeeding for <6 months was associated 
with increased risk of eczema at ages 1 and 2 years.25) In the pre
sent study, the type of feeding (breastfeeding or formula feeding) 
and duration of breastfeeding were not associated with the 
prevalence of AD and asthma. Most children had been breastfed 
at least once (89.2%) and 27.5% of participants were exclusively 
breastfed. A previous study based on the KNHANES data 
collected from 2007 to 2012 also reported that breastfeeding was 
not associated with the occurrence of AD in early childhood.29) 
Unexpectedly, in the present study, the duration of formula 
feeding was shorter in children with AD than in those without 
AD. This may be attributable to the fact that many parents of 
children with AD try to avoid feeding formula in Korea.

Along with age at introduction of complementary food, other 
factors are likely to have complex and important impacts on the 
development of allergic diseases. It has been reported that the 
diversity of food consumed in early life has important effects on 
the incidence of allergic diseases. Recent studies have indicated 
that reduced food diversity during infancy may increase the risk 
of allergic diseases in childhood.4,30) A Finnish Birth Cohort 
study, which analyzed data of 3,142 children, reported that re
duced diversity of food introduced during the first year after 
birth increased the risk of asthma and allergies in childhood.30) 
However, the KNHANES did not survey the diversity of com
plementary food and so this could not be analyzed in the present 

study. Therefore, we could not definitively conclude that com
plementary food does not influence the development of asthma 
and AD.

AD is usually the first symptom of allergic diseases, with subse
quent development of food allergy, rhinitis, and asthma, which 
is referred to as the atopic march. The association between AD 
and asthma is well known, and AD is considered a risk factor for 
the development of asthma. However, our study did not show 
a significant correlation between the development of asthma 
and AD, which is thought to be related to the fact that our study 
population consisted of young children 1 to 3 years old. Asthma 
develops later than AD, so it is possible that there had been 
insufficient time for asthma to have developed in some of these 
infants.

The KNHANES includes questions regarding the intake of 
nu tritional components, such as polyunsaturated fatty acid, 
omega3 and omega6 fatty acids, and daily levels of water and 
sodium intake. Therefore, we analyzed their associations with 
the prevalence of asthma and AD, but our results did not indicate 
any significant associations.

The present study had some limitations. First, this was a cross
sectional study and, therefore, it was more limited in the ability 
to analyze causal relationships compared to prospective cohort 
studies. Second, although the survey was performed by trained 
interviewers, there may have been recall bias. Third, genetics and 
familial history are also important risk factors in the development 
of allergic diseases, but they were not taken into consideration 
in this study because the KNHANES did not include questions 
related to familial allergic history. Despite these limitations, the 
major strength of this study was that the KNHANES is conducted 
in a nationally representative population, and this is the first 
Korean study regarding the association between age at introduc
tion of complementary food and the development of asthma and 
AD in early childhood.

The present study showed no statistically significant relation
ships between age at introduction of complementary food and 
the risks of AD and asthma in early childhood in Korean children. 
Most infants started solid food from the age of 6 months. A 
further national prospective study is needed to clarify the further 
influence of age at the introduction of complementary food in 
the development of allergic diseases, as well as the influence of 
the introduction of individual allergenic foods.
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