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Pediatr Allergy Immunol 

 

Abstract 

Background 

Children with early-onset atopic dermatitis (AD) are at substantial risk of developing asthma 

later in life, and identifying the critical window of detrimental exposure is advantageous for 

implementing preventive actions. The aim of this study was to evaluate the role of exposure 

to environmental modifiers during pregnancy and early childhood in asthma occurrence in an 

infantile AD cohort. 

Methods 

Eligible study participants were selected from the Taiwan Birth Cohort Study, which enrolled 

24200 newborns in 2005. We enrolled those cases who had been diagnosed as having AD 

before 3 years of age and followed them up till age 8. We excluded those ever diagnosed with 
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asthma before AD onset. The dependent variable was defined in terms of whether the 

participant was diagnosed as having asthma before 8 years of age. We applied logistic 

regression models to evaluate the risks of exposure to different determinants in asthma 

occurrence. 

Results 

A total of 1549 children with AD had completed the 8-year follow-up, and 334 (21.6%) of 

them had asthma. The results revealed that male sex, lower birth order, maternal asthma 

history, maternal obesity before pregnancy, and environmental tobacco smoke exposure 

before 3 years of age were significant risk factors for further development of asthma. 

Furthermore, food allergy during early life, lower respiratory tract infection, and longer 

durations of symptomatic AD influenced asthma development later in life. 

Conclusions 

The findings confirmed the critical determinants for asthma occurrence in infantile AD, 

which may enable a more personalized approach to the prevention of asthma.  
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Introduction 

Atopic dermatitis (AD) is the most common chronic inflammatory skin disease among 

children, and the peak incidence is within the first 2 years of life. (1) Previous nationwide 

surveys have demonstrated that AD appeared in 6.7% of 6-month-old infants and 7.9% of 

18-month-old children in Taiwan. (2, 3) A complex interplay of genetic and environmental 

factors was linked to AD development; (4) however, whether AD is atopic by itself remains 

debated. Although a previous study illustrated that approximately two thirds of the affected 

cases are not IgE sensitized, AD, particularly that with specific IgE antibodies, can act as a 

risk factor for asthma occurrence in childhood. (5, 6) 

AD is considered a starting point for other atopic disorders, and longitudinal studies in 

the recent decade have documented that approximately 25%–80% of the affected patients 

with AD develop asthma later in life. (7) This typical progression from AD to asthma and 

eventually allergic rhinitis is described as atopic march. Commonly recognized risk factors 

for this atopic march are early onset and severity of AD, (8) whereas other factors such as 

family atopy history, early adverse reactions to foods, and respiratory tract infections have 

also been postulated. (6) This progressive characteristic of atopic diseases is crucial because 

it may allow risk stratification and implementation of plausible preventive actions. 
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However, the identification of the critical windows of exposure to environmental 

modifiers influencing further atopic progression has not been completely elucidated. This 

study aimed to evaluate the role of exposure to detrimental factors during pregnancy and 

early childhood in asthma occurrence in an infantile AD cohort.  

Methods 

Enrollment of the cohort. The study participants were selected from the Taiwan Birth Cohort 

Study (TBCS); the details of the cohort are described elsewhere. (9) In brief, a multistage 

stratified sampling of 24200 newborns by using a national birth registry was conducted from 

January through December 2005. Detailed demographic characteristics and medical history 

of the infant–parent pairs were retrieved through home interviews when the participants were 

6 months, 18 months, 3 years, 5 years, and 8 years old, after obtaining informed consent from 

parents. We enrolled subjects who had been first diagnosed as having AD before 3 years of 

age as reported by main caregivers, and we verified the doctor-diagnosed AD by using 

parental reports from the 8-year survey. The exclusion criteria were multiparity, congenital 

cardiopulmonary or chromosomal abnormalities, and diagnosis of asthma before AD onset. 

The study protocol was approved by the Institutional Review Board of the Health Promotion 

Administration, Taiwan. 

Outcome and Covariates. At the 8-year follow-up, the main caregiver was asked if the 

participant had ever been diagnosed as having asthma by a physician, and an answer of ‘yes’ 
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indicated that the child had an atopic progression from AD to asthma. Potential covariates 

were considered on the basis of previous findings on AD or asthma, including sex, preterm 

delivery (gestational age < 37 weeks), low birth weight (<2500 g), birth order (1st vs. ≥ 2nd 

order), maternal obesity before pregnancy (body mass index ≥ 27), breasting feeding (<3 mo 

vs. 3–6 mo vs. ≥6 mo), vitamin supplementation (during pregnancy, and before 3 y of age), 

probiotics intake before 3 years of age, parental education (≤12 vs. >12 y), parental atopy 

history (asthma, allergic rhinitis, and AD), socioeconomic status or annual household income 

of the family (≤20 000 vs. 20 000–40 000 vs. >40 000 USD), urbanization of the residential 

area (urban vs. rural), environmental tobacco smoke exposure (ETS, during pregnancy, and 

before 3 y of age), fur-bearing animals at home, and moldy walls at home. Furthermore, early 

life food allergy history (defined as positive if an answer of ‘yes’ to the question “if the 

participant had ever been diagnosed with food allergy before 3 years old?”), episodes of 

upper (ever diagnosed or hospitalized due to tonsillitis, pharyngitis, laryngitis, sinusitis, otitis 

media, or common cold) or lower (ever diagnosed or hospitalized due to pneumonia, 

bronchitis, or bronchiolitis) respiratory tract infection before 3 years of age, and duration of 

symptomatic AD (defined as total years of itchy rash that will interfere with daily activity or 

cause night awakening when children were 2–3, 4–5, and 7–8 y old; score range, 0–3) were 

also considered. 
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Statistical analysis. First, we used a simple logistic regression model to evaluate the crude 

odds ratio of each potential variable in asthma occurrence. Factors with P value < .1 in the 

unadjusted model were included for further analysis. Second, we applied multiple logistic 

regression models with all eligible variables mutually adjusted for evaluating the association 

between exposure to each determinant and asthma occurrence by 8 years of age. All analyses 

were performed using software R (version 3.1.3) with default embedded packages, and 

statistical significance was set at P value < 0.05 based on a two-sided calculation. 

 

Results 

Among 24200 sampled infant–mother pairs of the original TBCS, 21248 (87.8%) had 

completed the 6-month interview. Reasons for non-inclusion were incorrect addresses (n = 

358), refusal to be interviewed (n = 1734), movement abroad (n = 351), no one present at 

home after multiple visits (n = 104), death of the infant (n = 67), and other miscellaneous 

reasons (n = 338). By the time the 3-year survey was completed, 19910 pairs (93.7%) 

remained in the cohort, among which 1727 children were reported to have been ever 

diagnosed as having AD by a physician. We excluded 51 AD cases with asthma diagnosis 

before AD onset, 49 multiparity cases, and 21 cases with congenital cardiopulmonary or 

chromosomal abnormalities. By the time the 8-year survey was completed, an additional 57 
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AD cases were lost to follow-up, leaving a total of 1549 infantile AD cases enrolled in the 

final analysis (Fig. 1). 

 Table 1 presents the basic demographics of the infantile AD cohort. Among the 1549 

children with AD, 880 (56.8%) were boys and 848 (54.7%) had the first birth order. The 

proportion of parental atopic history was higher for the father (31.5%) than for the mother 

(29.1%). Approximately 61% of the enrolled AD children were exposed to ETS at home 

during pregnancy, and the proportion increased to 77.6% after birth. Nearly 43% of the 

participants reported to have moldy walls at home, and 17.9% had fur-bearing animals at 

home. By 8 years of age, 334 (21.5%) infantile AD cases had developed asthma. 

 The crude odds ratios for developing asthma among different variables are listed in 

Table 2. Determinants that significantly increased the risk of atopic progression included 

male sex, lower birth order, maternal atopic history of asthma and allergic rhinitis, maternal 

obesity before pregnancy, higher annual household income, postnatal ETS exposure before 3 

years of age, early life food allergy, longer durations of symptomatic AD, and lower 

respiratory tract infection before 3 years of age. Moreover, paternal atopic history of asthma, 

more urbanization of residence, and vitamin supplementation during pregnancy had 

borderline significance and were included in further multiple adjusted models. 
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 The results of the multiple logistic regression are presented in Table 3. The results 

revealed that demographic characteristics such as male sex (adjusted odds ratio [aOR] = 1.25, 

95% confidence interval [CI] = 1.10–1.42), lower birth order (aOR = 1.15, 95% CI = 

1.01–1.32), maternal atopic history of asthma (aOR = 1.52, 95% CI = 1.09–2.11), maternal 

obesity before pregnancy (aOR = 1.57, 95% CI = 1.20–2.04), and postnatal ETS exposure 

before 3 y of age (aOR = 1.26, 95% CI = 1.07–1.47) increased the risks of asthma occurrence. 

Furthermore, early life food allergy history (aOR = 1.22, 95% CI = 1.07–1.39), longer 

durations of symptomatic AD (3 y vs. none, aOR = 1.71, 95% CI = 1.37–2.17), and episodes 

of lower respiratory tract infection (aOR = 1.43, 95% CI = 1.19–1.72) were significantly 

associated with the development of asthma. 

 

Discussion 

This is the first nationwide sampling cohort study to verify the critical windows of 

environmental exposure from pregnancy to early childhood in infantile AD progression to 

asthma. In this study, the results clearly revealed that lower birth order, maternal asthma 

history, maternal obesity before pregnancy, postnatal ETS exposure before 3 years of age, 

early life food allergy, longer durations of symptomatic AD, and lower respiratory tract 

infection before the age of 3 increased the risk of asthma occurrence by 8 years of age in 

children with infantile AD. 
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AD is generally considered as the initial presentation of atopic march, followed by 

asthma and allergic rhinitis, and approximately one in every three affected children develops 

asthma later in life. (1) Although IgE sensitization may not be the requisite for AD 

development, results from birth cohort studies have markedly linked AD to subsequent 

asthma occurrence. (1, 10) Previous studies have demonstrated that the severity of AD, 

family history of AD, early onset of AD, early wheezing, viral respiratory tract infections, and 

early food allergy can increase the risk of atopic disease progression. (6, 11, 12) In the 

present study, 21.5% of the children with infantile AD developed asthma by 8 years of age, 

and the risk was higher in boys than in girls. In addition to previously mentioned 

determinants, we confirmed that maternal asthma history but not AD or allergic rhinitis, 

lower birth order, maternal obesity before pregnancy, ETS exposure before 3 years of age but 

not during pregnancy, and longer durations of symptomatic AD were risk factors for infantile 

AD progression to asthma. 

The gene–environment interaction model is the most commonly proposed mechanism 

for atopic march. (8) The defective skin barrier in AD due to filaggrin gene null mutations or 

environmental risk factors permits allergen exposure through the epidermis, initiating 

systemic allergy, which predisposes to asthma and allergic rhinitis later in life. (13, 14) 

Previous studies have demonstrated that more than half of the children with severe AD 

eventually developed asthma later in life. (6, 11, 15) In the present study, a longer duration of 
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symptomatic AD increased the risk of asthma occurrence, which is consistent with the 

hypothesis. Several investigations have documented the important role of both prenatal and 

postnatal exposure to ETS on the occurrence of AD as well as asthma. (16-18) Furthermore, 

cessation of ETS exposure was also reported to reduce allergic responses and plasma 

neurotrophins (19). However, few study has focused on the effect of ETS exposure on asthma 

occurrence among those already diagnosed with AD. A recent multi-cohort study has 

identified the co-occurrence of asthma, rhinitis, and/or AD a common phenotype among 4- 

and 8-year-old children, and about 6–7% of the high prevalent group had symptoms of both 

eczema and asthma. The authors suggested that the allergic cluster could be the effects of 

common environmental determinants but less likely the influence of IgE sensitization. (20) In 

the present work, ETS exposure during early life, but not during the prenatal period, was 

associated with atopic progression, indicating the critical window of environmental toxicant 

exposure on skin integrity and precipitation of subsequent allergen entrance. (21, 22) 

Food allergy typically co-occurs with AD in early life; however, the role of food allergy 

in subsequent atopic march progression remains unclear. A study demonstrated that food 

sensitization and filaggrin gene mutations increased the risk of asthma in children with early 

onset AD; however, the combination of the two factors was not effective in identifying 

high-risk children. (23) Gustafsson et al. demonstrated that early adverse reaction to foods in 

children with AD was associated with other atopic diseases. (6) Other studies have reported 
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that IgE-positive cow’s milk allergy diagnosed in early life predicted airway inflammation 

and bronchial hyperresponsiveness at school age. (24, 25) In the present study, a history of 

early life food allergy was a risk factor for asthma occurrence. However, whether the 

observed association was a co-manifestation of AD or just an influence from food allergy 

itself remained to be elucidated. 

Previous studies have demonstrated the crucial role of maternal, but not paternal, allergy 

and obesity on fetal programming. (26, 27) In addition, a recent review documented that 

maternal atopy can influence IgE production during both the prenatal and postnatal periods, 

whereas paternal atopy affects IgE production during the postnatal period only. (28) Traherne 

et al. reported that the maternally transmitted FcεRI-β gene and the polymorphism of the 

high-affinity IgE receptor β chain were strongly associated with positive allergy skin-prick 

tests and greater allergen-specific IgE levels. (29) Other studies have proposed that maternal 

allergen-specific IgG detected in cord bloods may exert an influence on offspring by 

interfering with IFN-γ excretion from Th1 cells. (30) Furthermore, maternal obesity, linked to 

a chronic inflammatory status, has been postulated to influence fetal programming by 

interfering with early immune regulation in the uterus. (31, 32) In the present study, maternal 

atopic history of asthma and obesity were associated with atopic progression, implying that 

the maternal–fetal environment during the critical window of pregnancy may have a greater 

effect on the fetus even after the onset of AD. (4) 
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The major strength of this study was that the participants with AD were enrolled from 

the TBCS, which is a large and nationwide representative cohort. The two-stage sampling 

strategy based on total fertility and urbanization of townships ensured the TBCS’s 

representativeness of newborns in Taiwan. Furthermore, the high retention rate (91.8%) of the 

TBCS by 8 years of age and the prospective cohort study design in this study ensured an 

unbiased investigation of the causal relationship between temporal exposure to environmental 

modifiers and allergic progression of diseases.  

The study had some limitations. First, the diagnosis of the allergic diseases including 

AD, asthma, and food allergy could be retrieved only through parental reports of a doctor 

diagnosis. Because the major caregivers were not aware of the main hypothesis of this study, 

any misclassification between cases and non-cases were unlikely to be different. Furthermore, 

the diagnosis of AD before 3 years of age was verified using the 8-year survey to increase the 

accuracy of AD diagnosis. Second, we enrolled only children with AD diagnosed before 3 

years of age due to the prospective cohort design of the TBCS. Although most of the AD 

cases manifest within 2 year of life, 10% of them were diagnosed after 5 years of age. (33) 

The study findings can be applied only to the AD cases diagnosed before the age of 3 years. 

Third, previous studies have documented that AD can be categorized into atopic and 

non-atopic forms, and IgE sensitization can increase the risk of AD progression to asthma. 

(34, 35) Although, information on IgE sensitization was unavailable for this study because 
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the TBCS only surveyed participants with questionnaires, recent studies suggested that 

specific IgE sensitization should no longer be considered the dominant mechanism for the 

comorbidity cluster of allergic diseases. (20) Further studies are required to clarify the 

influence of allergic sensitization on other risk factors. 

 In conclusion, the study results confirmed the critical exposure windows for asthma 

occurrence in children with infantile AD, and potentially modifiable risks included maternal 

obesity before pregnancy and early life ETS exposure. The findings may enable a more 

personalized approach to prevention of asthma. 
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Table 1. Demographic characteristics of the enrolled infantile atopic dermatitis cohort (N = 

1549). 

Variables Mean ± SD, n (%) 

Fetal factors 

sex (male vs. female) 880 (56.8) 

gestational age (weeks) 38.5 ± 1.5 

birth weight (gram) 3155 ± 419 

birth order (1st vs. ≧2nd order) 848 (54.7) 

Parental factors 

maternal atopic history 450 (29.1) 

paternal atopic history 488 (31.5) 

maternal education (> 12 vs. ≦12 years) 961 (62.1) 

paternal education (> 12 vs. ≦12 years) 985 (63.9) 

annual household income (USD) 

≦20,000 441 (28.5) 

20,000~40,000 850 (55.0) 

＞40,000 254 (16.5) 

Environmental factors 

residential area (urban vs. rural) 1051 (67.9) 

moldy walls at home 660 (42.6) 

fur-bearing animal at home 278 (17.9) 

environmental tobacco smoke exposure 

mother, during pregnancy 951 (61.4) 

child, before 3 years old 1197 (77.6) 

Occurrence of asthma by 8 years old 334 (21.5) 
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Table 2. Simple logistic regression model for developing asthma by 8 years of age in the 

infantile AD cohort. 

Variables n Crude OR 95% CI P 

Sex (male vs. female) 880 1.21 (1.07–1.37) 0.003

Preterm delivery (<37 vs. ≧37 weeks) 99 1.19 (0.94–1.49) 0.13 

Low birth weight (<2500 vs. ≧2500 gram) 79 1.21 (0.94–1.55) 0.14 

Birth order (1st vs. ≧2nd order) 848 1.14 (1.01–1.29) 0.03 

Breast feeding duration 

< 3 months 884 Reference

3–6 months 316 1.05 (0.88–1.25) 0.56 

≧6 months 349 0.94 (0.80–1.11) 0.49 

Maternal atopic history 

atopic dermatitis 123 1.15 (0.92–1.41) 0.21 

asthma 45 1.55 (1.14–2.10) 0.007

allergic rhinitis 355 1.19 (1.04–1.36) 0.01 

Paternal atopic history 

atopic dermatitis 113 1.19 (0.96–1.47) 0.11 

asthma 26 1.49 (0.98–2.21) 0.06 

allergic rhinitis 387 0.97 (0.84–1.11) 0.68 

Maternal obesity before pregnancy (BMI ≧27 vs. <27) 73 1.37 (1.06–1.75) 0.02 

Maternal weight gain during pregnancy (per kg increase) 1.01 (0.99–1.04) 0.37 

Vitamin supplement 

mother, during pregnancy 1090 1.14 (0.99–1.31) 0.06 

child, before 3 y/o 229 1.12 (0.95–1.32) 0.16 
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Probiotic intake before 3 y/o 313 1.08 (0.93–1.24) 0.32 

Maternal education (> 12 vs. ≦12 years) 961 1.07 (0.95–1.21) 0.28 

Paternal education (> 12vs. ≦12 years) 985 1.06 (0.94–1.20) 0.36 

Annual household income (USD) 

≦20,000 441 Reference

20,000~40,000 850 1.21 (1.02–1.42) 0.03 

＞40,000 254 1.01 (0.80–1.25) 0.96 

ETS exposure 

mother, during pregnancy 951 1.07 (0.95–1.22) 0.27 

child, before 3 y/o 1197 1.26 (1.08–1.47) 0.004

Moldy walls at home 660 1.01 (0.90–1.14) 0.86 

Fur–bearing animal at home 278 1.04 (0.89–1.21) 0.61 

Urbanization of residence (urban vs. rural) 1051 1.14 (1.00–1.30) 0.053

Early life food allergy 471 1.30 (1.15–1.47) <0.001

Duration of symptomatic AD 1.59 (1.40–1.81) <0.001

None 592 Reference

1 year 447 1.04 (0.84–1.28) 0.75 

2 years 150 0.78 (0.55–1.07) 0.13 

3 years 341 1.85 (1.50–2.29) <0.001

Upper respiratory tract infection before 3 y/o 1199 1.06 (0.90–1.26) 0.46 

Lower respiratory tract infection before 3 y/o 156 1.46 (1.22–1.73) <0.001

Abbreviations: AD, atopic dermatitis; BMI, body mass index; CI, confidence interval; ETS, 

environmental tobacco smoke; OR, odds ratio; y/o, years old. 
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Table 3. Risk factors and their adjusted odds ratios (aORs) for developing asthma before 8 

years of age obtained using multiple logistic regression in the infantile AD cohort. 

Variables aOR a 95% CI 
Sex (male vs. female) 1.25*** (1.10–1.42) 
Birth order (1st vs. ≧2nd order) 1.15* (1.01–1.32) 
Maternal atopic history 

asthma 1.52* (1.09–2.11) 
allergic rhinitis 1.14 (0.99–1.32) 

Paternal atopic history 
asthma 1.22 (0.78–1.85) 

Maternal obesity before pregnancy (BMI ≧27 vs. <27) 1.57*** (1.20–2.04) 
Vitamin supplement 

mother, during pregnancy 1.06 (0.92–1.23) 
Annual household income (USD) 

≦20,000 
20,000~40,000 1.18 (0.99–1.41) 
＞40,000 1.01 (0.80–1.28) 

ETS exposure 
child, before 3 y/o 1.26** (1.07–1.49) 

Urbanization of residence (urban vs. rural) 1.09 (0.94–1.25) 
Early life food allergy 1.22** (1.07–1.39) 
Duration of symptomatic AD 

none Reference 
1 year 1.05 (0.84–1.30) 
2 years 0.8 (0.57–1.11) 
3 years 1.71*** (1.37–2.14) 

Lower respiratory tract infection before 3 y/o 1.43*** (1.19–1.72) 

Abbreviations: AD, atopic dermatitis; aOR, adjusted odds ratio; CI, confidence interval; ETS, 

environmental tobacco smoke; y/o, years old. 

a Logistic regression models with all variables mutually adjusted. 

*P < .5, **P < .01, *** P < .001 

 


