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Abstract  18 

The influence of environmental factors on atopic dermatitis (AD) has been investigated in many cross-sectional 19 

studies. It remains however unclear if they could influence AD development early in life. This prospective birth 20 

cohort study aimed to monitor aspects of family lifestyle and child’s nutrition within a Caucasian population and 21 

to assess its association with AD development over the first two years of life. Genetic predisposition was 22 

evaluated based on family history and profilaggrin genotyping. Of 149 included children, 36 developed AD. 23 

Infants with a family history of atopy developed AD 2.6 times more frequently (30 of 97) than infants without 24 

atopic predisposition (6 of 52). Genotyping was carried out on 50% of the children included. Profilaggrin 25 

mutations (R501X, 2282del4, R2447X and S3247X) were infrequent in our population. Lower incidence of AD 26 

was observed in infants exposed to a damp housing environment, lower household income and smoking mothers 27 

with a higher but not with a lower education level. 28 
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Conclusion : Family history of atopy was a significant risk factor for AD regardless of the most common, 29 

currently defined, FLG mutations. Humidity at home and passive smoking seem associated with AD 30 

development in infancy.  31 
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AD, atopic dermatitis 38 
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What is Known:  42 

•! Atopic dermatitis (AD) is associated with mutations in various genes of the immune system and the 43 

epidermal barrier complex in particular filaggrin (FLG) mutation.  44 

•! Inherited factors alone cannot explain the rising AD; environmental factors are therefore likely to play a 45 

decisive role in this rise but the exact role that these factors may play in increasing AD risk in infancy 46 

remains unclear. Moreover, the relationship between environmental factors and AD has been the focus 47 

of mostly cross-sectional studies and not prospective studies.  48 

What is New:  49 

•! This prospective birth cohort study, demonstrates that family history of atopy is a significant risk factor 50 

for AD regardless of the most common, currently defined, FLG mutations. 51 

•! A lower incidence of AD was observed in infants exposed to a moist housing environment, lower 52 

household income and smoking of mothers with a higher but not with a lower education level. 53 

 54 

Short title: Environmental factors and atopic dermatitis 55 
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 70 

Introduction 71 

Atopic dermatitis (AD) is a common multifactorial skin disease in which a large body of evidence suggests a key 72 

role of genetic factors. This is underscored by the importance of family predisposition [1–3], the association of 73 

AD with mutations in various genes related to the epidermal barrier complex or the immune system [4], and the 74 

higher concordance rate for mono- versus dizygotic twins [5]. However, inherited factors alone cannot explain 75 

the rising AD incidence that has been observed over the last decades; environmental factors are therefore likely 76 

to play a decisive role in this rise [6]. 77 

Since the mid-20th century, societies in industrialized countries have undergone major environmental and 78 

lifestyle changes, resulting in what is commonly referred to as the “western lifestyle” [7]. Despite the difficulty 79 

to firmly establish causality owing to the many potential confounders, some of these changes have been linked to 80 

increased AD incidence: smaller family sizes or less crowded homes [8,9], more affluent socioeconomic status 81 

[9,10] or decreased exposure to nonpathogenic microbes [11]. Among the myriad other environmental factors 82 

that have been implicated in AD [12,13], dietary factors represent another key component of the western 83 

lifestyle. A large body of literature suggests that dietary factors may strongly influence early-life gut microbiota 84 

and immune system development [14], but to what extent they contribute to AD onset remains poorly 85 
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understood. Breastfeeding has long been considered protective against AD, particularly in infants with a family 86 

history of atopy [15], but findings from more recent studies have called this protective effect into question 87 

[16,17], or even suggested that breastfeeding may be a risk factor for AD [18]. Various dietary supplements (e.g. 88 

probiotics, fish oil, trace elements or vitamins) have also been investigated as possibly protective factors, without 89 

conclusive results [19,20].  90 

The relationship between environmental factors and AD has been the focus of many, mostly cross-sectional 91 

studies [15]. The exact role that these factors may play in increasing AD risk in infancy remains however 92 

unclear. To investigate this, we conducted a prospective birth cohort study in a Caucasian population, looking at 93 

a wide range of factors related to prenatal exposures, family lifestyle, socioeconomic status, child’s nutrition and 94 

medical history. Skin changes were monitored over a two-year period or up to AD development, and genetic 95 

predisposition was evaluated based on the family history of atopy and filaggrin (FLG) genotyping.  96 

 97 

Materials and methods 98 

This prospective birth cohort study was approved by the Research Ethics Committee of the University of 99 

Lausanne and was conducted according to the Declaration of Helsinki Principles. 100 

Subjects and study design 101 

Our study cohort has been previously described [21]. Briefly, pregnant women planning to give birth at the 102 

Lausanne University Hospital (Switzerland) were recruited, and their healthy full-term newborns were enrolled 103 

at birth from January 2010 to November 2012. All Caucasian newborns at the CHUV with a first-degree relative 104 

(parent or sibling) with atopy will be eligible for this study.  Non-Caucasian newborns, those suffering from 105 

disorders affecting the epidermal barrier or immune system and those whose cord blood could not be obtained 106 

were excluded. The primary aim of this cohort was to compare skin colonization in infants developing AD or not 107 

[21]. Enrolled infants having at least one first-degree relative with atopy (physician-diagnosed atopic dermatitis, 108 

allergic rhino conjunctivitis and/or allergic asthma) were considered at high risk of AD, whereas those with no 109 

family history of atopy were considered at low risk.  Written informed consent was obtained from the parents of 110 

all infants enrolled. 111 

Clinical follow-up 112 

From birth and throughout the first two years of life, infants were monitored for clinical signs of AD according 113 

to the Hanifin and Rajka’s diagnostic criteria [22]. Follow-up examinations were scheduled at 1, 3 and 7 days 114 
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and at 1, 3, 6, 12 and 24 months, with the study endpoint (final visit) being either the 24-month visit or the time 115 

point of AD development. All clinical follow-ups were performed by a physician. 116 

Data collection 117 

Three standardized, partially validated questionnaires were developed based on the recent literature and were 118 

used to collect the information on the various environmental factors.  The lifestyle and medical questionnaires 119 

were completed at birth, 12 months, and at the final visit. The nutrition questionnaire was completed at ages 1, 6, 120 

12 and 18 months, and at the final visit. This information was collected by the physician from the parents 121 

patients. All recorded variables are listed in Table 2.  122 

Filaggrin genotyping 123 

Cord blood samples were collected at birth and genomic DNA extracted using standard methods. Twenty-nine 124 

AD subjects and 45 healthy controls were tested by Sanger sequencing for four of the most common filaggrin 125 

loss-of-function mutations in Caucasians, namely p.(R501X), c.2282del4, p.(R2447X) and p.(S3247X). For cost 126 

reasons, these genetic analyses were only performed on high-risk patients who developed AD and low-risk 127 

patients who did not. The primers (sense and antisense respectively) used for R501X were 5’-128 

CACGGAAAGGCGGGCTGA-3’ and 5’-ACCTGAGTGTCCAGACCTATT-3’; for 2282del4 5’-129 

CACCAGCTCCAGTCAGCAG-3’ and 5’-GGGAGGACTCAGACTGTTT-3’; for R2447X 5’-130 

ACGTGGCCGGTCAGCA-3’ and 5’-CCTGACCCTCTTGGGACGT-3’; and for S3247X 5’-131 

CCAGAAACCATCGTGGATCTG-3’ and 5’-TGCCTGATTGTCTGGAGCG-3’.  132 

Statistical analysis 133 

Hazard ratios for potential AD risk factors were calculated using Cox regression (R function ‘coxph’), and their 134 

significance was assessed using the log-rank (function ‘survdiff’) or Wald test for the uni- and multivariate 135 

regressions, respectively. The proportional hazards assumption was tested for each variable by examining 136 

Schoenfeld residuals (function ‘cox.zph’). The variables entered as potential confounders in the multivariate 137 

model were limited in number owing to the relatively small number of events in our cohort, hence their selection 138 

based on prior knowledge from the literature. All analyses were conducted with R version 3.3.0 [23] and the 139 

‘survival’ package [24]. P < 0.05 was considered statistically significant. Due to the small sample size and, 140 

hence, exploratory nature of our data, we did not perform any correction for multiple comparisons. We 141 

considered it more important not to miss potentially interesting associations [25]. 142 

 143 

Results  144 
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We identified 1,433 white pregnant women, of whom 605 agreed to participate. Among the newborns, 416 did 145 

not meet the inclusion criteria and 40 were lost to follow-up. Of the 149 included infants (78 boys and 71 girls), 146 

97 belonged to the high-risk and 52 to the low-risk group regarding AD development. Demographic and clinical 147 

characteristics of the study population were summarized in supplementary Table 1. AD developed 2.6 times 148 

more frequently in the high-risk group (31%; 30 of 97) compared to the low-risk group (12%; 6 of 52). The 149 

mean age at AD onset was 9.4 months (median: 6 months; range: 1–24 months) (Fig.1). Filaggrin genotyping 150 

was done in 29 high-risk infants with AD and 45 low-risk children without AD at age two years. Only one AD 151 

infant and one control carried the R501X mutation; similarly, one AD infant and one control had the 2282del4 152 

mutation; one AD infant carried the R2447X mutation, and one control had the S3247X mutation.  153 

All three questionnaires were well completed, with less than 5% missing data for most of the recorded variables. 154 

Household income and parental level of education were the two factors having the highest missing response rate 155 

(16 % and 11 % of cases, respectively). Variables for which more than 95% of subjects had the same value (see 156 

Table 2) were not analyzed further. Cox regression was used to calculate crude and atopy risk-adjusted hazard 157 

ratios (HRs) for each environmental factor. For all factors except those related to nutrition, adjusted HRs were 158 

further computed using a multivariate model which included atopy risk, gender, delivery mode and presence or 159 

not of siblings. We decided not to enter household income or parental education level into the multivariate model 160 

due to the high proportion of missing data.   161 

Family history of atopy, higher humidity at home and exposure to tobacco smoke are significantly 162 

associated with AD development in infancy 163 

In our cohort, a family history of atopy was a major risk factor for AD development regardless of the most 164 

common filaggrin mutations (Table 3). Higher household income appeared to increase AD risk more than 165 

twofold, but did not reach significance. By contrast, we found that a higher humidity level in the home (HR 0.27, 166 

95% CI 0.08-0.89) and passive smoking (HR 0.42, 95% CI 0.21-0.86) were associated with reduced AD risk. 167 

Overall, results from the uni- and multivariate models led to similar conclusions (Fig. 2), but the apparently 168 

protective effect of an urban setting (HR 0.51, 95% CI 0.26–1.03) in the univariate model was noticeably 169 

attenuated by adjusting (HR 0.62, 95% CI 0.30–1.27). The other environmental factors showed no significant 170 

association with AD development. 171 

Since socioeconomic factors could confound the effect of passive smoking on AD risk, we proceeded with 172 

additional subgroup analyses, stratifying for maternal and paternal education level, and for household income. 173 

Surprisingly, these analyses revealed no major confounding. We however found evidence of a strong interaction 174 
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between passive smoking and maternal education: passive smoking was associated with reduced AD risk in 175 

infants whose mother had a higher education level (HR 0.21, 95% CI 0.069-0.62), but increased risk in infants 176 

whose mother had a lower education level (HR 2.8, 95% CI 0.60-13). 177 

We also assessed whether the effect of household income was confounded by other environmental factors. In an 178 

alternate multivariate model including pet ownership, urban setting and both paternal and maternal education 179 

level, we could attenuate the HR for income by almost 40%. By contrast, the effect of income was unaffected by 180 

adjusting for various prenatal exposures (alcohol, tobacco smoke and antibiotics), delivery mode or mother age. 181 

These findings suggest that at least part of the effect of household income on AD risk may be due to other 182 

socioeconomic indicators and lifestyle-related factors. 183 

Duration of breastfeeding is not associated with AD development in infancy 184 

We observed no association between AD risk and breastfeeding (exclusive or not) duration (Table 4). Of note, 185 

mothers of high-risk children did not have a longer duration of exclusive breastfeeding than those of low-risk 186 

children, indicating that awareness of a risk of atopic disorders in the family did not cause mothers to breastfeed 187 

for a longer period.  188 

Food diversification was uniform between groups and occurred for all children between four and six 189 

months. We therefore did not study this parameter but we analyzed the age of introduction of allergenic 190 

foods. Regarding the age at solid food introduction, we had to set the cutoff at age one year in order to have 191 

relatively well balanced groups, despite most AD in our cohort occurring before age six months ; this led to 192 

serious loss of available cases, and a corresponding loss of power to detect significant associations. We 193 

found no evidence that introduction of any of the foods mentioned in Table 4 before age one year was 194 

associated with AD development before age two years ; only one subject had wheat introduced after age one 195 

year.196 
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Discussion 197 

In our study, patients with a positive family history of atopy had almost threefold greater risk of developing AD, 198 

which is consistent with previous research [1–3]. It is clear that hereditary factors are an important component of 199 

AD pathogenesis [15]. AD has been associated with mutations in various genes of the epidermal barrier complex 200 

and the immune system. One of those genes, FLG, which encodes a structural protein that plays an essential role 201 

in the proper function of the cutaneous barrier, has been extensively studied [26–29]. Currently the filaggrin 202 

(FLG) gene as the most notable so far [30]. Skin barrier dysfunction is of particular relevance to AD 203 

pathogenesis since it increases transepidermal water loss and penetration of allergens and bacteria through the 204 

skin [31]. The four most prevalent filaggrin mutations (c.2282del4, p.R501X, p.R2447X and p.S3247X) [26] 205 

found in Caucasian populations were surprisingly infrequent in our study, suggesting that atopic disorders in 206 

parents or siblings may be a major risk factor regardless of these FLG mutations. It is conceivable that other 207 

FLG mutations, or mutations in other genes of relevance to AD, for instance in the Th2 signalling pathway, may 208 

have been missed. Additionally, there is probably a strong influence of pre- and perinatal environmental factors, 209 

which might alter the expression of FLG and other important genes [4]. It is likely that AD pathogenesis involves 210 

a constellation of both genetic and epigenetic alterations, particularly in genes related to the epidermal barrier 211 

and immune system, as well as complex gene-environment interactions. Our data suggest that the common FLG 212 

mutations may not be used on their own as a reliable predictor of subsequent AD development.  213 

We found a negative association between exposure to cigarette smoke and AD development, even after adjusting 214 

for family history of atopy or socioeconomic factors. Whereas passive smoking has a well-established positive 215 

association with asthma, its relationship with AD remains controversial [32,33]. Two recent meta-analyses 216 

concluded that both passive and active smoking slightly increased AD risk in the general population, despite the 217 

limitations raised by the authors [13,34]. An obvious limitation of meta-analyses is publication bias, which 218 

cannot be excluded [34]. Most studies analyzing the association between AD and passive smoking were cross-219 

sectional and thus did not allow causal inference. Additionally, studies were very heterogeneous, with a risk of 220 

AD misclassification as the disease was not always diagnosed by trained dermatologists. The discrepancy of our 221 

findings with the conclusions of these meta-analyses may also be due to our study population consisting of 222 

infants (0–2 years) rather than children or adults. Albeit detrimental at all ages, exposure to environmental 223 

tobacco smoke could have some differential effects according to the stage of immune system maturation, an 224 

issue that was beyond the scope of the present work. 225 
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It is noteworthy that some studies reached similar conclusions as ours [9,16,35,36], and some of them (e.g. the 226 

one of Linneberg and colleagues [35]) were also prospective birth cohort studies. In line with our results, the 227 

study of Hjern et al. reported that parental tobacco smoking was a protective factor even after controlling for 228 

confounding factors such as sex, age and socioeconomic factors [36]. Ludvigsson et al. reported that parental 229 

smoking was associated with a lower risk of AD, and their conclusion was reinforced by urine cotinine 230 

measurements in part of the study population [16]. In the Taylor-Robinson study, smoking during pregnancy also 231 

seemed to be a protective factor, a finding that was confirmed by grouping estimates from other studies [9].  232 

Conclusions from that study were based on a large cohort and might apply as well to other countries with high 233 

standard of living such as ours. 234 

To explain the unexpected finding of a negative association between passive smoking and AD, most authors 235 

brought up residual confounding [9,35,36], but to date this has not been investigated in detail. It is conceivable 236 

that smokers may have specific behaviours that could be protective against AD development, such as ventilating 237 

the housing more frequently or going for a walk outside with the infant while smoking [36]. The strong 238 

interaction which we observed between passive smoking and maternal education supports the idea that putative 239 

behavioral patterns associated with cigarette smoking could further depend on socioeconomic factors. Aside 240 

from residual confounding, biological mechanisms might underlie the negative association between passive 241 

smoking and AD risk in infancy [35,36]. Some investigators proposed an immunosuppressive mechanism and an 242 

alteration of T lymphocytes, reducing the immune response to inhaled antigens [35–37]. In respiratory and other 243 

diseases, several studies have indeed reported immunomodulatory effects of tobacco smoke exposure [38–40]. 244 

Furthermore, there is some evidence of an inverse association between exposure to tobacco smoke and risk of 245 

certain diseases like Parkinson’s, endometrial cancer or ulcerative colitis [41]. One major limitation of our study 246 

is that tobacco smoke exposure was not objectively measured, like in most studies investigating the relationship 247 

between tobacco smoke and AD. This issue has been previously raised [33] and may be complicated by a 248 

nonlinear dose-response relationship. 249 

Another postnatal environmental factor that appeared protective against AD in our study was a higher level of 250 

humidity in the housing. This finding appears compatible with AD pathophysiology: a higher humidity level in 251 

the environment may attenuate the increased transepidermal water loss typically observed in AD [42,43]. 252 

Humidity level might also be associated with substantial changes in the indoor microbiota. Most studies to date 253 

have focused on the role of climate [44], but the role of indoor humidity before AD onset has not received much 254 
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attention. In the prospective birth cohort study of Bisgaard et al., wherein humidity was measured in the 255 

bedroom, no association was found with AD onset before age 3 years [45]. This discrepancy with our finding 256 

may be explained by our subjective assessment of humidity. Indeed, we only indirectly assessed humidity levels 257 

based on a question asking about the presence of molds at home, although we have no reason to believe that this 258 

assessment was performed differently by parents of infants who later developed AD compared to parents of 259 

unaffected infants, this does not allow us to measure the humidity rate.  260 

Prior research has shown that a low level of relative humidity could alter cutaneous barrier function and increase 261 

susceptibility to atopic lesions [44,46]. Previous reports have also shown that low environmental humidity 262 

results in downregulation of filaggrin expression and increased water loss [44]. Such changes may not only 263 

aggravate established AD, but also promote AD onset in infants already at risk because of innate or acquired 264 

deficiency of genes (especially filaggrin) playing an important role in AD pathogenesis. 265 

Finally, during our study, no evidence was found concerning the relationship between food introduction before 266 

12 months and AD. Most AD was developed before, so this way of categorizing caused the exclusion of many 267 

AD patients. However, the link between AD, sensitization and food allergies is well established [47]. For 268 

example, AD patients seem more sensitized than control patients to various foods, such as milk, egg, sesame, 269 

peanut or wheat [48]. Moreover, some studies have shown that AD precedes the development of food 270 

sensitization and allergy [47,49].   271 

However, the causal link between exposure to certain foods and AD remains an open question. Several studies 272 

could suggest that food is an AD trigger [50]. The mechanism could be mediated by IgE and could involve T-273 

cells of the skin [50]. Apparently, there could also be unmediated IgE mechanisms [50]. To our knowledge there 274 

is no food involved in the onset of AD.  275 

 276 

The strengths of our study is its prospective design, the close follow-up, and the fact that we only considered 277 

exposures occurring before the diagnosis of AD was made, which limited reverse causality. Further, AD 278 

diagnosis was made by trained dermatologists, which avoided misclassification. Our work also has some 279 

limitations. For coast reasons, genotyping was performed only half of our population. Moreover, we did not 280 

objectively measure exposure to second-hand smoke and indoor humidity. Several analysis could not be 281 

performed due to lack of data. Finally, many newborns had exclusion criteria and the relatively small sample size 282 

did not allow full adjustment for all potential confounders using a single multivariate model. Nonetheless, we 283 
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carefully evaluated how our conclusions were influenced by the most likely confounders based on the literature. 284 

In summary, our study demonstrates that family history of atopy is a significant risk factor for AD regardless of 285 

the most common, currently defined, FLG mutations. We also show that infant’s exposure to a higher humidity 286 

level and to parental tobacco smoke at home is associated with a reduced AD risk. Our findings highlight the 287 

likely contribution of both genetic and epigenetic factors to AD pathogenesis, as well as complex gene-288 

environment interactions. The crucial influence of a positive family history of atopy on AD risk indicates that 289 

early preventive care may be beneficial in offspring at risk. 290 
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Table 1. Demographic and clinical characteristics of the study population 453 

 Patients, n (%) 

Characteristics All� 

(n = 149) 

High risk1 

(n = 97) 

Low risk  

(n = 52) 

P-Value2 

 

Sex, n(%)  

Female 71 (48) 47 (46) 24 (48) 0.79 

Male  78 (52) 50 (54) 28 (52)  

Gestational age, weeks  

Mean 39.2 39.1 39.2 0.933  

SD 1.09 1.04 1.19  

Birth mode  

Vaginal 103 (69) 67 (69) 36 (69) 0.98 

Cesarean 46 (31) 30 (31) 16 (31)  

Season of birth, n (%)  

Spring  30 (20) 21 (22) 9 (17) 0.14 

Summer  29 (19) 22 (23) 7 (13)  

Fall 56 (38) 30 (31) 26 (50)  

Winter 34 (23) 24 (25) 10 (19)  

AD development, n (%)  

Yes 36 (24) 30 (31) 6 (12) 0.008 

No 113 (76) 67 (69) 46 (88)  

Season of AD onset, n 

(%) 
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Spring  10 (28) 7 (23) 3 (50) 0.294  

 

Summer  5 (14) 4 (13) 1 (17)  

Fall 8 (22) 7 (23) 1 (17)  

Winter 13 (36) 12 (40) 1 (17)  

Age at AD onset in 

months, n (%)  

 

0-6 20 (56) 17 (57) 3 (50) 0.443  

 

7-12 5 (14) 5 (17) 0  

13-18 4 (11) 2 (6.7) 2 (33)  

19-24 7 (19) 6 (20) 1 (17)   

 454 

Bold text indicates significance.� 455 

Abbreviations: AD, atopic dermatitis; SD, standard deviation.� 456 

1At least one first-degree relative with atopy.� 457 

2High- versus low-risk comparison, using Pearson chi-square test, except as noted.� 458 

3Wilcoxon-Mann-Whitney test.  459 

4Pearson chi-square test on all AD patients, with the null hypothesis that all seasons of onset are equally likely. 460 

 461 

 462 

 463 

 464 
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Table 2. Summary of all demographic, clinical and lifestyle factors recorded 465 

Lifestyle questionnaire 
Presence of carpets at home  
Microwave use 
High level of humidity at home (as estimated by the presence of mold at home) 
Exposure to second-hand smoke 
Pet ownership 
Fabric softener use  
Urban versus rural setting 
Mother's education level 
Father's educational level 
Household income 
Frequency of cleaning 
Newly built house 
Newly renovated house 
Medical questionnaire 
Family history of physician-diagnosed atopic disorders 
Prenatal AB exposure 
Prenatal alcohol exposure 
Gender 
Mode of delivery 
Presence of siblings 
Age of mother 
AB intake in the first month of life 
Smoking during pregnancy  
Fish oil intake during pregnancy 
Renovation of the home during pregnancy 
Duration of hospitalization of the neonate 
Invasive procedures at birth 
Varicella in the first month of life 
Antifungal treatment of the study subject (topical or systemic) 
Nutrition questionnaire 
Duration of exclusive breastfeeding 
Duration of breastfeeding (exclusive or not)  
Age at introduction of fish 
Age at introduction of egg  
Age at introduction of seafood  
Age at introduction of celery  
Age at introduction of peanuts  
Age at introduction of kiwi  
Age at introduction of milk  
Age at introduction of nuts  
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Age at food diversification 
italics : variables not analyzed further because of too narrow a distribution (at least one 466 

category with < 5% of all subjects) 467 

 468 
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Table 3. Cox regression results for lifestyle and medical factors 
 

Variable ! ! No AD, n 
(%) 

AD 
infants, n 
(%) 

Crude HR 
(95% CI) 

P-value1 
Adjusted2 
HR (95% 
CI) 

P-value3 
Adjusted4 
HR (95% 
CI) 

P-value3 

Family history of 
atopy 

No 46 (41%) 6 (17%) Reference    Reference  

Yes 67 (59%) 30 (83%) 
3.02 ( 1.26-
7.26) 

0.01 - - 
2.77 (1.14-
6.73) 

0.02 

Socioeconomi
c factors 

 

Urban setting 
No 20 (18%) 12 (34%) Reference  Reference  Reference  

Yes 89 (82%) 23 (66%) 
0.51 (0.26-
1.03) 

0.06 
0.60 (0.29-
1.23) 

0.16 
0.62 (0.30-
1.27) 

0.19 

Household income  

< 90 000 
CHF 

39 (40%) 6 (21%) Reference  Reference  Reference  

> 90 000 
CHF 

58 (60%) 22 (79%) 
2.29 (0.92-
5.68) 

0.07 
2.08 (0.84-
5.18) 

0.11 
2.33 (0.91-
5.9) 

0.08 

Father’s education 
level 

Mandatory 
school or 
college 

52 (51%) 13 (42%) Reference  Reference  Reference  

University 
or high 
school 

49 (49%) 18 (58%) 
1.35 (0.66-
2.78) 

0.4 
1.18 (0.57-
2.44) 

0.66 
1.02 (0.49-
2.13) 

0.2 

Mother’s education 
level 

Mandatory 
school or 
college 

44 (44%) 11 (35%) Reference  Reference  Reference  

University 
or high 

57 (56%) 20 (65%) 
1.37 (0.65-
2.86) 

0.4 
1.23 (0.59-
2.63) 

0.58 
1.18 (0.55-
2.5) 

0.68 
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school 
Household 
environmental 
factors 

 

Passive smoking  
No 45 (41%) 23 (64%) Reference  Reference  Reference  

Yes 64 (59%) 13 (36%) 
0.43 ( 0.22-
0.84) 

0.01 
0.42 (0.21-
0.84) 

0.01 
0.42 (0.21-
0.86) 

0.02 

High level of humidity 
No 86 (76%) 33 (92%) Reference  Reference  Reference  

Yes 27 (24%) 3 (8%) 
0.32 (0.10-
1.05) 

0.05 
0.31 (0.09-
1.01) 

0.05 
0.27 (0.08-
0.89) 

0.03 

Microwave use 
No 45 (40%) 20 (56%) Reference  Reference  Reference  

Yes  68 (60%) 16 (44%) 
0.58 (0.30-
1.11) 

0.1 
0.55 (0.29-
1.08) 

0.08 
0.57 (0.28-
1.13) 

0.11 

Fabric softener use 
No 53 (50%) 22 (65%) Reference  Reference  Reference  

Yes 53 (50%) 12 (35%) 
0.572 (0.283-
1.16) 

0.11 
0.59 (0.29-
1.20)       

0.15 
0.64 (0.31-
1.33) 

0.23 

Pet ownership 
No 61 (56%) 24 (67%) Reference  Reference  Reference  

Yes 47 (44%) 12 (33%) 
0.67 (0.33-
1.31) 

0.22 
0.67 (0.33-
1.35)      

0.26 
0.66 (0.32-
1.37) 

0.27 

Carpets at home 
No 50 (46%) 20 (57%) Reference  Reference  Reference  

Yes 59 (54%) 15 (43%) 
0.68 (0.35-
1.33) 

0.25 
0.62 (0.32-
1.23) 

0.17 
0.65 (0.32-
1.33) 

0.24 

Obstetric 
factors 

 

Age of mother, yrs 
Mean 32.2 33.1 

1.045 (0.97-
1.12) 

0.24 
1.055 ( 0.98-
1.14)    

0.19 
1.055 (0.97-
1.15) 

0.25 

SD 4.9 4       
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Prenatal alcohol 
exposure 

No 89 (82%) 25 (71%) Reference  Reference  Reference  

Yes 20 (18%) 10 (29%) 
1.68 (0.81-
3.5) 

0.16 
1.86 (0.88-
3.93) 

0.1 
1.75 (0.82-
3.72) 

0.15 

 
         
         

Mode of delivery 
Cesarean 37 (33%) 9 (23%) Reference  Reference  Reference  

Vaginal 76 (67%) 27 (75%) 
1.39 (0.65-
2.95) 

0.39 
1.40 (0.65-
2.99) 

0.39 
1.41 (0.63-
3.13) 

0.4 

Prenatal AB exposure 
No 80 (71%) 27 (77%) Reference  Reference  Reference  

Yes 32 (29%) 8 (23%) 
0.74 (0.34-
1.63) 

0.46 
0.79 (0.36-
1.76) 

0.57 
0.71 (0.30-
1.65) 

0.42 

Personal and 
medical 
history of the 
study subject 

 

Gender 
Female 57 (50%) 13 (36%) Reference  Reference  Reference  

Male 56 (50%) 23 (64%) 
1.66 (0.84-
3.27) 

0.14 
1.73 (0.87-
3.44) 

0.12 
1.69 (0.82-
3.45) 

0.15 

Presence of siblings  
No 64 (60%) 16 (47%) Reference  Reference  Reference  

Yes 43 (40%) 18 (53%) 
1.59 (0.81-
3.12) 

0.17 
1.63 (0.83-
3.23) 

0.15 
1.52 (0.77-
3.03) 

0.23 

AB intake in the first 
month of life 

No 
103 
(93%) 

32 (94%) Reference  Reference  Reference  

Yes 8 (7%) 2 (6%) 
0.78 (0.18-
3.28) 

0.73 
0.87 (0.21-
3.70) 

0.86 
0.96 (0.22-
4.11) 

0.95 

AB, antibiotic ; HR, hazard ratio; CI, confidence interval 
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1log-rank test ; 2adjusted for family history of atopy; 3Wald test; 4adjusted for family history of atopy, gender, delivery mode and presence or not 

of siblings; 5HR for each additional year 
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Table 4. Cox regression results for nutrition-related factors 

Variable! ! No AD, n 
(%) 

AD infants, 
n (%) 

Crude 
HR (95% 
CI) 

P-value1 
Adjusted2 HR 
(95% CI) 

P-value3 

Breastfeeding  

Duration of 
breastfeeding 

< 3 months 17 (15%) 3 (11%) Reference  Reference  

≥ 3 months 96 (85%) 24 (89%) 
1.30 
(0.39-
4.35) 

0.67 1.12 (0.33-3.77) 0.85 

Duration of exclusive 
breastfeeding, mo 

Mean 3.8 3.4 
0.924 
(0.79-
1.08) 

0.33 0.924 (0.79-1.08) 0.31 

SD 2.7 2.3 - - - - 
Food 
diversification 

 

Milk 

Before 12 months 54 (49%) 7 (50%) Reference  Reference  

After 12 months 56 (51%) 7 (50%) 
1.01 
(0.35-
2.88) 

0.99 1.08 (0.38-3.11) 0.88 

Egg 

Before 12 months 28 (25%) 2 (14%) Reference  Reference  

After 12 months 85 (75%) 12 (86%) 
0.53 
(0.12-
2.39) 

0.4 0.53 (0.12-2.36) 0.4 

Nuts 
Before 12 months 60 (59%) 6 (60%) Reference  Reference  

After 12 months 41 (41%) 4 (40%) 
1 (0.28-
3.56) 

1 1.01 (0.28-3.60) 0.99 
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Peanuts 

Before 12 months 56 (64%) 4 (67%) Reference  Reference  

After 12 months 32 (36%) 2 (33%) 
1.12 
(0.20-
6.12) 

0.9 1.01 (0.18-5.56) 0.99 

Kiwi 

Before 12 months 53 (54%) 6 (55%) Reference  Reference  

After 12 months 45 (46%)  5 (45%) 
0.98 
(0.30-
3.22) 

0.97 0.89 (0.27-2.94) 0.85 

Celery 

Before 12 months 42 (43%) 5 (43%) Reference  Reference  

After 12 months 56 (57%) 7 (57%) 
0.90 
(0.29-
2.86) 

0.86 0.87 (0.27-2.74) 0.81 

Fish 

Before 12 months 8 (7%) 2 (14%) Reference  Reference  

After 12 months 105 (93%) 12 (86%) 
2.18 
(0.48-
9.83) 

0.3 1.93 (0.43-8.78) 0.39 

Seafood 

Before 12 months 60 (73%) 5 (83%) Reference  Reference  

After 12 months 22 (27%) 1 (17%) 
1.80 
(0.21-
15.51) 

0.59 1.63 (0.19-14.16) 0.66 

HR, hazard ratio; CI, confidence interval 

1log-rank test; 2adjusted for family history of atopy; 3Wald test; 4HR for each additional month
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Fig. 1 Cumulative incidence of AD according to the family history of atopic disorders 

 

Fig. 2 Forest plot showing the crude and adjusted hazard ratio (HR) for all variables with P < 0.10 in the 

univariate Cox models. Adjusted HRs were calculated from a model including family history of atopy, delivery 

mode, gender and presence or not of siblings. Error bars represent 95% confidence interval. 

 


