
Infant feeding practices and physician
diagnosed atopic dermatitis: a prospective
cohort study in Taiwan

Atopic dermatitis (AD) is associated with gene
and sensitization against both food and environ-
mental allergens (1–3). Decreasing the risk of
food sensitization has been proposed to reduce
the prevalence of AD. The protective effect of
exclusive breastfeeding against AD has received
widespread support (4–7), and therefore current
prophylactic feeding guidelines for the preven-
tion of atopic diseases recommend a delayed
introduction of solid foods (8). Nevertheless,
studies have shown inconclusive evidence of
breastfeeding�s effect on the development of

allergic diseases (9–16), and inconsistent evidence
of the influence of a delayed solid food intro-
duction on atopic diseases, eczema, or asthma
(17–21).
Bias may occur because of disease-related

modification of exposure, such as the outcome
influencing the exposure, also known as reverse
causation (10, 17). As it is widely believed that
prolonged breastfeeding and the delayed intro-
duction of solids have benefits with regard to AD,
it is thus possible that mothers extend their
breastfeeding (22) and delay introducing solid

Chuang CH, Hsieh WS, Chen YC, Chang PJ, Hurng BS, Lin SJ, Chen
PC. Infant feeding practices and physician diagnosed atopic dermatitis:
a prospective cohort study in Taiwan.
Pediatr Allergy Immunol 2010.
� 2010 John Wiley & Sons A/S

It is common to recommend breastfeeding and a delayed introduction
of solids to prevent atopic dermatitis (AD). However, the scientific
evidence for this is inconclusive. The aim of this study was to explore
the effect of breastfeeding and solids on AD, when taking account of
reverse causality. This on-going birth cohort study was designed to
sample 24,200 representative post-partum women and their babies from
the Taiwan National Birth Registration database. Using two home
interviews at 6 and 18 months after birth, with structured question-
naires about diet and physician�s diagnosis of AD by parental reports, a
total of 20,172 pairs (83.4%) were reviewed completely. Considering
reverse causality, we excluded 2399 children with AD in the first
6 months of life and 18,733 were finally recruited. All study participants
provided informed consent as approved by the Ethics Review Board of
the National Taiwan College of Public Health. After adjustment for
potential confounders, the overall results showed that the increased
duration of breastfeeding seemed to increase the risk of AD at
18 months in children. However, no significant effect was found for the
delayed introduction of solids on the risk of AD. There is no evidence of
a protective effect of prolonged breastfeeding and a delayed introduc-
tion of solids against AD among children at age 18 months, and may
even be a risk factor of AD.
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food if their children have suspected symptoms of
allergy diseases, resulting in reverse causation (17).
As the role of infant feeding practices, in

particular duration of breastfeeding and timing
of solid foods introduced, in the prevention of
AD is unclear (23–25), the aim of this study was
to explore the effect of breastfeeding and solids
on AD, when taking account of reverse causality.

Methods
Study population and sampling strategy

The Taiwan Birth Cohort Study (TBCS), the first
such national in Taiwan, is a prospective longi-
tudinal study. In the current study, multistage
stratified systematic sampling was designed to
obtain representative samples from the Taiwan
National Birth Registration database for 2005. A
total of 369 towns in Taiwan were divided into 12
strata according to the administrative division
(four strata), and the total fertility rate (three
strata) was ranked, and 90 towns of the total
were sampled. Using the principle of proportion
probability to size, newborns and their mothers
were sampled randomly from these 90 towns, for
a total of 24,200 pairs.

Data collection

The process of data collection is shown in Fig. 1.
The first and secondary home interviews with the
24,200 post-partum women were conducted at 6
and 18 months after their deliveries by using a
structured questionnaire in the period from June
2005 to December 2007. There were a total of
4028 (2952 and 1076, respectively) cases of loss to
follow-up in the two interviews because of refusal
to participate, moving home, incorrect addresses,
infant deaths, and other miscellaneous reasons.
A total of 21,248 and 20,172 women were
interviewed, and the completed interview rate
was thus 87.8% and 83.4%, respectively, in the
two interviews. Considering reverse causality, we
excluded 2399 children with physician diagnosed
AD in the first 6 months of life and 18,733 were
finally recruited. All study participants provided
informed consent as approved by the Ethics
Review Board of the National Taiwan College of
Public Health.

Definition of exposures

Data were obtained from the Taiwan National
Birth Registration database and the interview
questionnaire. Variables related to infant nutri-
tion were collected, including breastfeeding and

solid food. The initiation and duration of
breastfeeding were measured. Solids feeding
was defined as the infant receiving any solid
food (e.g. fruit mash, porridge, or dairy pro-
ducts), and data on the start and kinds of feeding
were collected.

Outcome measurements

Information about AD was obtained in the
6-month and 18-month questionnaires. The main
outcome measure was a physician�s diagnosis of
AD within 6 and 18 months according to the
parent reports. Considering reverse causality, we
excluded children with AD in the first 6 months
of life, thus finally analyzed those without AD.

Definitions of confounders

The population of mothers and fathers were
grouped by age: 19 yr old and below, 20–34, and
35 or above. Their educational levels were
stratified into three groups: university and college
or above, senior high school, junior high school
or below. The allergic history of the parents and
maternal smoking during pregnancy were also
measured. Variables related to the infants
included gender, birth order (grouped into one,
two, and three or more), birth weight, and

Sampled newborns in 2005
n = 24,200

First home interview 
at 6 months of age

Second home interview
at 18 months of age

Refused to participate n = 1694
Lost contact n = 416

Had departed Taiwan n = 393
Adopted by others n = 50

Miscellaneous reasons n = 399

Losses to follow-up n = 1076

Losses to follow-up n = 2952

Refused to participate n = 540
Lost contact n = 283

Had departed Taiwan n = 201
Deaths n = 15

Adopted by others n = 6
Miscellaneous reasons n = 31

Excluded n = 2399
Children with atopic dermatitis within 

6 months of ages

18,773 Children without atopic 
dermatitis within 6 months of 

ages

Response n = 21,248 (87.8   )

Response n = 20,172 (83.4   )

Fig. 1. Process of data collection.

Chuang et al.

2



gestational age. Environmental risk factors
included place of residence (categorized as urban,
main street of a rural area, and rural area),
maternal smoking during pregnancy, passive
smoking by the pregnant women, and mold
spots, a carpet, or a pet in the home.

Statistical analysis

A chi-square test was performed to assess the
difference in basic characteristics and potential
risk factors of AD in groups with or without AD
between 6 and 18 months of life. Multiple logistic
regressions were performed to estimate odds
ratios (ORs) and their 95% confidence intervals
(CIs) of AD after adjusting for the potential
confounding effects of parents� age, education,
and allergic history; gender, birth order, birth
weight, gestational age of the infant; place of
residence, maternal smoking during pregnancy,
exposure to passive smoking by the pregnant
women, and mold spots, a carpet, or a pet in
home. The statistical analysis was performed
using SPSS for Windows, Release 11.0 (SPSS
Inc: Chicago, USA).

Results

The characteristics of the children we interviewed
without AD in the first 6 months of life and the
risk factors are summarized in Tables 1 and 2.
Most of the parents were in the category of 20–
34 yr old, and those with a university education
or above predominated. About half of the
mothers were primiparous (50.2%), and 51.9%
of the infants were boys. The prevalence of low
birth weight and preterm delivery was 6.9% and
8.4%, respectively. A history of allergic disease
was found in 30.1% of parents. Most of children
were breastfed within 1 month (26.9%), and
85.5% were introduced to solid food between 4
and 6 months old. Most of the families resided in
urban areas (46.7%). The families that had mold
spots, a carpet, or a pet in the home was 35.5%,
6.0%, and 74.6%, respectively. The percentage of
women who smoked during pregnancy was 3.5
and 60.9% pregnant women were exposed to
passive smoking.
After adjustment for potential confounders

(parental age, education, allergic history, mater-
nal smoking during pregnancy, residence, birth
order, gender of infants, birth weight, gestational
age, passive smoking by pregnant women, mold
spots, carpets, or pets in the home), a solid result
showed that the increased duration of breast-
feeding seemed to increase the risk of children
with AD at 18 months [with none as the refer-

ence, adjusted odds ratios (adj ORs) with 95%
confidence intervals (CIs): 1.25 (1.00–1.56), 1.37
(1.08–1.74), 1.47 (1.17–1.8), 1.44 (1.11–1.87), and
1.49 (1.15–1.93) for breastfeeding duration with-
in 1, 2, 6, 12, and more than 12 months,
respectively]. However, no significant effect was
found for the different timings of solid food
introduction on the risk of AD [<4 months as
the reference, adj ORs with 95% CIs: 1.11 (0.80–
1.53), and 1.08 (0.74–1.57) for solid food intro-
duction at age 4–6, and beyond 6 months,
respectively] (Table 3).
Considering the effect of maternal education

on breastfeeding practice and AD reported, we
analyzed odds ratio of AD beyond 6 months by
maternal educational level in Table 4. After
adjustment for potential confounders, prolong-
ing breastfeeding did not show the protective
effect on AD among 18 months children, even
significantly increased the risk of AD in children
whose mothers had high educational level.

Discussion

This population-based, prospective birth cohort
study showed longer duration of breastfeeding

Table 1. Characteristics of the study subjects

Characteristics N (%)

Physician diagnosed AD between 6
and 18 months of life

Yes No p-Value

Total 18,773 (100.0) 1050 (5.6) 17,723 (94.4)
Maternal

Age (yr)
£ 19 391 (2.1) 11 (1.0) 380 (2.1) 0.020

20–34 16,054 (85.5) 893 (85.0) 15,161 (85.5)
‡35 2328 (12.4) 146 (13.9) 2182 (12.3)

Education
Junior high school) 2827 (15.1) 76 (7.2) 2751 (15.5) <0.001
Senior high school 7609 (40.5) 337 (35.9) 7232 (40.8)
University+ 8337 (44.4) 597 (56.9) 7740 (43.7)

Paternal
Age (yr)

£ 19 34 (0.2) 1 (0.1) 33 (0.2) 0.226
20–34 12,619 (67.2) 683 (65.0) 11,936 (67.3)
‡35 6120 (32.6) 366 (34.9) 5754 (32.5)

Education
Junior high school) 2621 (14.0) 75 (7.1) 2546 (14.4) <0.001
Senior high school 7700 (41.0) 378 (36.0) 7322 (41.3)
University+ 8452 (45.0) 597 (56.9) 7855 (44.3)

Infant
Male 9735 (51.9) 587 (55.9) 9148 (51.6) 0.007
Birth order

1 9420 (50.2) 543 (51.7) 8877 (50.1) 0.031
2 7239 (38.6) 415 (39.5) 6824 (38.5)
3+ 2114 (11.3) 92 (8.8) 2022 (11.4)

Low birth weight 1294 (6.9) 69 (6.6) 1225 (6.9) 0.672
Preterm delivery 1573 (8.4) 87 (8.3) 1486 (8.4) 0.911

Values in parentheses are percentages. AD, atopic dermatitis.
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and a delayed introduction of solids did not
prevent the AD by age 18 months when reverse
causality was considered.

Some studies on infant diet and AD diseases
showed possible distortion because of reverse
causality (10, 17, 26). We thus finally recruited
the children without AD in the first 6 months to
prevent the effect of the reverse causality
(Table 3). The results showed that the long
duration of breastfeeding seemed to be the risk
factor for children with AD at 18 months.
Furthermore, the results showed that a delayed
introduction of solids did not protect children
against AD at 18 months of age. Besides, it is
known that parental compliance to guidelines of
infant feeding practices is better with an
increased educational level. Thus, we analyzed
the odds ratio of AD by maternal educational
level (Table 4). The result about the trend of
prolonged breastfeeding on AD is similar to the
former results in the overall children (Table 3). It
showed that longer duration of breastfeeding and
a delayed introduction of solids did not prevent
AD by age 18 months, and even increase the risk
of AD in the subgroup of mothers with high
educational level.
One potential limitation was worthy of con-

sideration. The outcome of our study was limited
by the use of questionnaire for ascertaining AD,
physician diagnosed AD reported by parents,
which might not be as specific as the standard
diagnostic criteria by a dermatologist. Neverthe-
less, one study showed that maternal report of
doctor diagnosed AD was highly concordant
with clinical examination (27), and thus a formal
clinical examination does not seem to be abso-
lutely necessary. Furthermore, we determined the
prevalence rate of parent-reported, physician-
diagnosed AD during the first 18 months to be
2449 cases (12.1%) among 20,172 children (data
not shown), in close agreement with other studies

Table 2. Risk factors of atopic dermatitis (AD)

Risk factors N (%)

Physician diagnosed AD between 6
and 18 months of life

Yes No p-Value

Total 18,773 (100.0) 1050 (5.6) 17,723 (94.4)
Duration of breastfeeding

None 3127 (16.7) 123 (11.7) 3004 (16.9) <0.001
£ 1 month 5059 (26.9) 266 (25.3) 4793 (27.0)
£ 2 months 3004 (16.0) 175 (16.7) 2829 (16.0)
£ 6 months 3660 (19.5) 232 (22.1) 3428 (19.3)
£ 12 months 1960 (10.4) 124 (11.8) 1836 (10.4)

>12 months 1963 (10.5) 130 (12.4) 1833 (10.3)
Time of solids introduction

<4 months 847 (4.5) 41 (3.9) 806 (4.5) 0.593
4–6 months 16,045 (85.5) 906 (86.3) 15,139 (85.4)
>6 months 1881 (10.0) 103 (9.8) 1778 (10.0)

Allergic history of
parents

5646 (30.1) 460 (43.8) 5186 (29.3) <0.001

Place of residence
Urban area 8771 (46.7) 572 (54.5) 8199 (46.3) <0.001
Main street of

rural area
5215 (27.8) 273 (26.0) 4942 (27.9)

Rural area 4787 (25.5) 205 (19.5) 4582 (25.9)
Maternal smoking

during pregnancy
652 (3.5) 34 (3.2) 618 (3.5) 0.669

Passive smoking by the pregnant women in the home (days per wk)
No 7322 (39.1) 434 (41.3) 6888 (38.9) 0.132
<3 6412 (34.2) 366 (34.9) 6046 (34.2)
3–5 1259 (6.7) 58 (5.5) 1201 (6.8)
6–7 3751 (20.0) 192 (18.3) 3559 (20.1)

Mold spots in
the home

6672 (35.5) 435 (41.4) 6237 (35.2) <0.001

Carpet in the
home

1131 (6.0) 76 (7.2) 1055 (6.0) 0.089

Pet in the home 14,011 (74.6) 804 (76.6) 13,207 (74.5) 0.138

Values in parentheses are percentages.

Table 3. Odds ratio of atopic dermatitis (AD) from 6 to 18 months

Factors N (%)
Prevalence of AD

from 6 to 18 months
Crude odds ratio

(95% CIs) p-Value
Adjusted odds

ratio* (95% CIs) p-Value

Total 18,773 (100.0) 1050 (5.6)
Duration of breastfeeding p < 0.001 <0.001 0.012

None 3127 (16.7) 123 (3.9) 1.00 (Reference) 1.00 (Reference)
£ 1 month 5059 (26.9) 266 (5.3) 1.36 (1.09, 1.69) 0.006 1.25 (1.00, 1.56) 0.049
£ 2 months 3004 (16.0) 175 (5.8) 1.51 (1.19, 1.91) 0.001 1.37 (1.08, 1.74) 0.009
£ 6 months 3660 (19.5) 232 (6.3) 1.65 (1.32, 2.07) <0.001 1.47 (1.17, 1.84) 0.001
£ 12 months 1960 (10.4) 124 (6.3) 1.65 (1.28, 2.13) <0.001 1.44 (1.11, 1.87) 0.006

>12 months 1963 (10.5) 130 (6.6) 1.73 (1.35, 2.23) <0.001 1.49 (1.15, 1.93) 0.003
Time of solids introduction p = 0.593 0.594 0.810

<4 months 847 (4.5) 41 (4.8) 1.00 (Reference) 1.00 (Reference)
4–6 months 16,045 (85.5) 906 (5.6) 1.18 (0.85, 1.62) 0.321 1.11 (0.80, 1.53) 0.539
>6 months 1881 (10.0) 103 (5.5) 1.14 (0.79, 1.65) 0.493 1.08 (0.74, 1.57) 0.698

CI, confidence interval.
*Adjusted for gender, birth order, birth weight, and gestational age of infants; parents� age, parents� education, parents� allergic history, place of residence, maternal
smoking during pregnancy, passive smoking by the pregnant women in the home, and mold spots, carpet, and pet in the home.
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in Japan (28) and Germany (29), which showed
12.4% and 13.4% of children, respectively,
developed AD in the first year of life.
Another limitation of this study is that we did

not have detailed information on the frequency
or quantity of water and specific solids fed to
infants, which are difficult to measure in a large
survey that covers a considerable period of time.
However, further examining when solids are first
fed and what foods are used will provide more
information of interest to test our hypothesis.
In the present study, prolonged breastfeeding

did not seem to prevent the child�s AD at
18 months, but instead, to raise the risk. This
result contradicted some results on the benefits of
breastfeeding (5–7), but supported some studies
showing the risks (9, 16). Most of the existing
studies focus on the effect of exclusive breast-
feeding on the child�s allergy diseases (6, 13, 14),
but this study included mixed and exclusive
breastfeeding. The practice of breastfeeding in
Taiwan is rarely follows the WHO definition of
exclusive breastfeeding, which refers to the
practice of feeding only breast milk, without
other liquids or any solids. Consequently, we
could not adequately measure the effect of the

exclusive breastfeeding on AD, so we cannot
totally dismiss the supposed benefits of exclusive
breastfeeding with regard to AD.
Atopic dermatitis is a chronic, inflammatory,

genetic-related skin disease, and most cases
present in the first year of life with skin abnor-
malities. The real cause is unknown, but the
hygienic theory and the development of oral
tolerance (30) are promising candidates. The
results of our study showed that children fed
solids beyond 6 months of age did not have the
protection against AD of children fed solids at a
younger age. The probable biologic explanation
is that the introduction of solid foods exposes the
child to novel food antigens and affects the gut
flora, helping children with developing oral
tolerance to reduce allergic reaction.
Our results are consistent with studies which

showed that postponing the introduction of
solids beyond the sixth month was not protective
in relation to AD at 2 and 6 yr of age (15, 17), or
asthma (12) and eczema at preschool age (21). In
this study, the majority of solids provided before
6 months were rice powder (64.5%), rice por-
ridge (43.9%), cereal porridge (30.0%), and fruit
mash (47.2%) (data not shown). This result

Table 4. Odds ratio of atopic dermatitis (AD) from 6 to 18 months by maternal educational level

Factors N (%)
Prevalence of AD

from 6 to 18 months
Crude odds

ratio (95% CIs) p-Value
Adjusted odds

ratio* (95% CIs) p-Value

Maternal education: senior high school-
Total 10,436 (100.0) 453 (4.3)
Duration of breastfeeding p = 0.643 0.644 0.786

None 2355 (22.6) 88 (3.7) 1.00 (Reference) 1.00 (Reference)
£ 1 month 3090 (29.6) 143 (4.6) 1.25 (0.95, 1.64) 0.107 1.13 (0.86, 1.49) 0.375
£ 2 months 1542 (14.8) 66 (4.3) 1.15 (0.83, 1.60) 0.395 1.06 (0.76, 1.47) 0.746
£ 6 months 1710 (16.4) 74 (4.3) 1.17 (0.85, 1.60) 0.342 1.08 (0.78, 1.48) 0.660
£ 12 months 854 (8.2) 39 (4.6) 1.23 (0.84, 1.81) 0.287 1.18 (0.80, 1.74) 0.407

>12 months 885 (8.5) 43 (4.9) 1.32 (0.91, 1.91) 0.150 1.28 (0.88, 1.87) 0.198
Time of solids introduction p = 0.019 0.020 0.056

<4 months 538 (5.2) 21 (3.9) 1.00 (Reference) 1.00 (Reference)
4–6 months 8917 (85.4) 406 (4.6) 1.17 (0.75, 1.84) 0.481 1.19 (0.76, 1.87) 0.448
>6 months 981 (9.4) 26 (2.7) 0.67 (0.37, 1.20) 0.180 0.73 (0.40, 1.31) 0.292

Maternal education: University+
Total 8337 (100.0) 597 (7.2)
Duration of breastfeeding p = 0.010 0.011 0.107

None 772 (9.3) 35 (4.5) 1.00 (Reference) 1.00 (Reference)
£ 1 month 1969 (23.6) 123 (6.2) 1.40 (0.96, 2.06) 0.085 1.29 (0.87, 1.89) 0.206
£ 2 months 1462 (17.5) 109 (7.5) 1.70 (1.15, 2.51) 0.008 1.54 (1.04, 2.29) 0.032
£ 6 months 1950 (23.4) 158 (8.1) 1.86 (1.28, 2.70) 0.001 1.65 (1.13, 2.41) 0.010
£ 12 months 1106 (13.3) 85 (7.7) 1.75 (1.17, 2.63) 0.007 1.53 (1.02, 2.31) 0.042

>12 months 1078 (12.9) 87 (8.1) 1.85 (1.24, 2.77) 0.003 1.51 (1.00, 2.28) 0.049
Time of solids introduction p = 0.214 0.215 0.378

<4 months 309 (3.7) 20 (6.5) 1.00 (Reference) 1.00 (Reference)
4–6 months 7128 (85.5) 500 (7.0) 1.09 (0.69, 1.73) 0.715 0.93 (0.58, 1.49) 0.770
>6 months 900 (10.8) 77 (8.6) 1.35 (0.81, 2.25) 0.246 1.12 (0.66, 1.88) 0.673

CI, confidence interval.
*Adjusted for gender, birth order, birth weight, and gestational age of infants; parents� age, paternal education, parents� allergic history, place of residence, maternal
smoking during pregnancy, passive smoking by the pregnant women in the home, and mold spots, carpet, and pet in the home.
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showed that current feeding guidelines, which
recommend delaying the introduction of solids
until 6 months for the prevention of allergies,
need to be reconsidered to take account of not
only the time of introduction, but also the kinds
of solid food.
Other studies showed that family history of

AD, environmental factors, or characteristics of
infants were the risk factors for developing AD
(1–3). In the present study, living in urban areas
(adj ORs 1.43; 95% CIs 1.69–1.20), having mold
spots in the home (adj ORs 1.32; 95% CIs 1.16–
1.50), and being girl (adj ORs 1.22; 95% CIs
1.07–1.38), were the significant risk factors (data
not shown). Parental history of atopy, a carpet,
or a pet in the home, and other potential
confounders that were measured were not signif-
icantly related to the likelihood of infantile AD
at 18 months of life.
This prospective population-based birth

cohort study was funded and conducted by the
Bureau of Health Promotion, Department of
Health, Taiwan National Birth Registration data
and home interview data were collected, as such
multiresource data offer increased accuracy and
more complete information on factors of interest.
Despite incomplete data among 17% subjects
and significant differences with regard to low
birth weight and preterm deliveries, the basic
characteristics between the respondents and the
non-respondents were similar, although there
were some statistically significant differences
because of the effect of the large sample sizes
(data not shown). The reason for no response
appeared to be unrelated to our measurement
outcomes. To reduce the recall bias, we only
recruited subjects with a completed interview
within 6 and 18 months after their deliveries. We
measured whether or not they ever breastfed and
the duration until they were interviewed. In
addition, the home interviews using a structured
questionnaire and conducted by well-trained
interviewers were effective in minimizing the
recall bias. Furthermore, most of the study was
focused on one nutritional or environmental
effect separately, and we measured and con-
trolled for potential environmental factors.
In conclusion, our study showed there is no

evidence of a protective effect of prolonged
breastfeeding and a delayed introduction of
solids against AD among children at age
18 months and may even be a risk factor of AD.
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