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    Abstract

The aim of our study was to examine the associations of breastfeeding duration and exclusiveness with the risks of asthma-related symptoms in preschool children, and to explore whether these associations are explained by atopic or infectious mechanisms.

This study was embedded in a population-based prospective cohort study of 5,368 children. Information on breastfeeding duration, exclusiveness and asthma-related symptoms, including wheezing, shortness of breath, dry cough and persistent phlegm, was obtained by questionnaires.

Compared with children who were breastfed for 6 months, those who were never breastfed had overall increased risks of wheezing, shortness of breath, dry cough and persistent phlegm during the first 4 yrs (OR 1.44 (95% CI 1.24–1.66), 1.26 (1.07–1.48), 1.25 (1.08–1.44) and 1.57 (1.29–1.91), respectively). Similar associations were observed for exclusive breastfeeding. The strongest associations per symptom per year were observed for wheezing at 1 and 2 yrs. Additionally adjusted analyses showed that the associations of breastfeeding with asthma-related symptoms were not explained by eczema but partly by lower respiratory tract infections.

Shorter duration and nonexclusivity of breastfeeding were associated with increased risks of asthma-related symptoms in preschool children. These associations seemed, at least partly, to be explained by infectious, but not by atopic, mechanisms.


	Asthma
	duration of breastfeeding
	exclusive breastfeeding
	wheezing

Asthma-related symptoms are common in early childhood and are a leading cause of morbidity [1]. Known risk factors in early life for asthma-related symptoms include birth weight, gestational age, parental socioeconomic status, ethnicity, presence of siblings, daycare attendance, family history of asthma or atopy and parental smoking [2]. A substantial body of evidence suggests that breastfeeding is also associated with a reduced risk of childhood asthma and asthma-related symptoms [3–14]. Some studies have reported stronger protective effects of breastfeeding on asthma in children with a positive family history of asthma or allergy [8, 15, 16], whereas others did not [6, 11, 12]. Studies that focused on asthma later in life showed inconsistent results [5, 7, 8, 10, 11]. Breastfeeding might affect the risk of childhood asthma because of a mediating effect of atopy, infections or both. Underlying mechanisms might include immunoglobulin A, cytokines, especially transforming growth factor-β1, and long-chain fatty acids in breast milk that stimulate the infant's immune system [17]. Furthermore, glycans help the innate immune system to inhibit pathogen binding to the host cell target ligand [18], and changes in the delicate balance between pro- and anti-inflammatory compounds [19]. Various methodological issues might have influenced results from previous studies. These include recall bias of feeding habits in retrospective studies, differences in information about duration and exclusiveness of breastfeeding, and adjustment for confounders [2, 5–7, 11, 14].
Therefore, in a population-based prospective cohort study, we examined the associations of the duration and exclusiveness of breastfeeding with the risks of asthma-related symptoms during the first 4 yrs, and examined whether any association is explained by atopic or infectious mechanisms.

METHODS


Design and cohort

This study was embedded in the Generation R Study, a population-based prospective cohort study of pregnant females and their children from fetal life onwards in Rotterdam, the Netherlands, and has previously been described in detail [20]. The study protocol was approved by the Medical Ethical Committee of the Erasmus Medical Centre, Rotterdam. Written informed consent was obtained from all participants. In total, 7,295 children and their parents participated in the post-natal phase of the study. From those children, twins (n=179) and second or third children of the same mother in the study (n=539) were excluded from the present analyses to prevent bias due to correlation (online supplementary material fig. S1). Of the remaining children, breastfeeding and asthma-related symptom data were available of 5,368 children.



Breastfeeding duration and exclusiveness

Information about breastfeeding initiation and continuation was obtained by postal questionnaires at the ages of 2, 6 and 12 months after birth [20]. The duration of breastfeeding was assessed by asking whether they ever breastfed their child (no or yes) and at what age (weeks) they stopped breastfeeding. Subsequently, breastfeeding duration was categorised into four groups: never; <3 months; 3–6 months and ≥6 months. Exclusive breastfeeding was defined using information on the introduction of other milk or solids. The information about exclusiveness of breastfeeding was combined and categorised into the following three breastfeeding categories: never; nonexclusive breastfeeding until 4 months, and exclusive breastfeeding until 4 months.



Asthma-related symptoms

Information on asthma-related symptoms was obtained by questionnaires at the ages of 1, 2, 3 and 4 yrs. Questions about asthma-related symptoms were adapted from the International Study on Asthma and Allergy in Childhood (ISAAC) [21]. Response rates for these questionnaires were 71, 76, 72 and 73%, respectively. Information about asthma-related symptoms in the past year included wheezing (never, 1–3 times and >4 times), shortness of breath (never, 1–3 times and >4 times), dry cough at night (no or yes) and mucus congestion (no or yes). Parents also reported information about doctor-attended eczema and lower respiratory tract infections (pertussis, bronchitis, bronchiolitis or pneumonia) in the past year, and this information was used as a marker of atopy and infection, respectively.



Covariates

Information on parental history of asthma or atopy, socioeconomic status, ethnicity, parity and pet keeping were obtained by questionnaire, completed by the mother at enrolment. Information about active maternal smoking was obtained by postal questionnaires sent during the first, second and third trimester of pregnancy and combined into smoking (no or yes) [20]. Socioeconomic status was assessed using the highest educational level achieved by the parents. Maternal ethnicity was based on country of birth of both the mother and her parents [20]. We used parity as a proxy for siblings, the correlation between those variables was good (κ=0.894). Birth weight, gestational age and sex of the children were obtained from midwife and hospital registries at birth. Home-sent questionnaires at the ages of 6 and 12 months provided information about daycare attendance.



Data analysis


Longitudinal analyses

We used generalised estimating equations (GEEs) to examine the longitudinal effects of duration and exclusiveness of breastfeeding with each asthma-related symptom (no or yes) from the ages of 1 to 4 yrs. With GEE analyses, repeatedly measured asthma-related symptoms can be analysed over time, taking into account that these repeated measurements are correlated within the same subject. Also, breastfeeding and age might be correlated and, therefore, breastfeeding was used in the model as a time-dependent variable. Covariates were not repeatedly measured over time and were introduced in the models as time independent.



Additional confounder analyses

To assess whether the associations of breastfeeding with asthma-related symptoms could be explained by atopic or infectious mechanisms, we additionally adjusted the analyses for doctor-attended eczema and lower respiratory tract infections measured at the corresponding ages.



Effect modification analyses

To assess the potential modifying effect of parental history of asthma or atopy, we added parental history of asthma or atopy (no or yes) as an interaction term with exclusive breastfeeding in the GEE models, with wheezing as the outcome (wheezing=exclusivity of breastfeeding+parental history of asthma or atopy+exclusivity of breastfeeding×parental history of asthma or atopy+other confounders). Thereafter, we stratified our GEE models for breastfeeding exclusivity by parental history of asthma or atopy.



Survival analysis

We performed a discrete survival analysis to calculate time to first asthma-related symptom according to breastfeeding duration and exclusiveness. For these analyses, the four different asthma-related symptoms were combined into one categorical variable, asthma-related symptom (no or yes).



Dose–response analysis

The associations of breastfeeding duration and exclusivity with frequencies of asthma-related symptoms at the ages of 1, 2, 3 and 4 yrs were analysed using multiple logistic regression analysis.

Missing data in the covariates were imputed using the multiple imputation procedure, which is used to select possible values for a missing response. Five imputed data sets were created and analysed together. All models were adjusted for potential confounders, including parental age, education, ethnicity, smoking habits, maternal parity, children's sex, gestational age, birth weight, parental history of asthma or atopy, daycare attendance and pet keeping. Tests for trends were performed by including the breastfeeding categories as continuous variables in the regression models. All measures of association are presented with their 95% confidence intervals (CIs). The statistical analyses were performed using SPSS version 17.0 for Windows (SPSS Inc., Chicago, IL, USA) and SAS 9.2 (SAS Institute, Cary, NC, USA).





RESULTS

Out of the total group of 5,368 children, 92.3% had ever been breastfed. Of those, information about duration and exclusiveness of breastfeeding was available for 79.7% (n=4,280) and 81.1% (n=4,353) of children, respectively. The median duration of breastfeeding was 3.5 months (95% range 0.5–12.0 months) and 21.3% were breastfed exclusively until the age of 4 months. Table 1 shows the parental and child characteristics according to breastfeeding duration. Wheezing was the most frequently reported asthma-related symptom during the first year (table 2). Child and parental characteristics differed between those with and without available data on asthma-related symptoms except for sex and ever eczema (online supplementary material table S1). The effect sizes of unadjusted and nonimputed analyses (online supplementary material tables S2 and S3) of the associations of duration and exclusiveness of breastfeeding with asthma-related symptoms did not materially change after adjustment for confounders or performing multiple imputations of the confounders.
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Table 1– 
Characteristics of children and their parents according to breastfeeding duration
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Table 2– 
Frequencies of asthma-related symptoms




Duration of breastfeeding

Based on the GEE models, those who were never breastfed had overall increased risks of wheezing, shortness of breath, dry cough and persistent phlegm (OR 1.44 (95% CI 1.24–1.66), 1.26 (1.07–1.48), 1.25 (1.08–1.44) and 1.57 (1.29–1.91), respectively) during the first 4 yrs, compared with children who were breastfed for >6 months (fig. 1). Analyses focused on these symptoms per year showed that children who had been breastfed for shorter periods had increased risks of wheezing at 1, 2 and 3 yrs (p<0.05) (fig. 1a). A nonsignificant trend in the same direction was observed at the age of 4 yrs. Prolonged breastfeeding was associated with a lower risk of shortness of breath at 1 yr (1.38 (1.05–1.80)) (fig. 1b) and nonsignificant trends were observed for the older ages. Breastfeeding duration was also associated with the risk of dry cough at 3 yrs, but not at other ages (fig. 1c), and with the risk of persistent phlegm at 1, 3 and 4 yrs (fig. 1d). Effect estimates for each specific exposure and the asthma-related symptoms (dose–response) are given in the online supplementary material (table S4). Based on the discrete survival analysis, those who were never breastfed, or breastfed for 0–3 or 3–6 months tended to have asthma-related symptoms earlier in life compared with those who were breastfed for >6 months (hazard ratio (HR) 1.13 (95% CI 0.97–1.32), 1.06 (0.96–1.17) and 1.03 (0.92–1.15), respectively) (fig. 2).
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Figure 1– 
Associations of breastfeeding duration with a) wheezing, b) shortness of breath, c) dry cough and d) persistent phlegm until the age of 4 yrs. Data are presented as odds ratios (ORs) with 95% confidence intervals from longitudinal generalised estimating equation models. ORs are given for the overall effect and (allowing for a time trend) for each year of age separately. Children who were breastfed for >6 months were used as a reference category. Models are adjusted for parental age, education, ethnicity, smoking habits, maternal parity, children's sex, gestational age, birth weight, parental history of asthma or atopy, daycare attendance and pet keeping. ptrend: p-value for trend.*: p<0.05; **: p<0.01.
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Figure 2– 
Time to any first asthma-related symptom (discrete survival curves) according to duration of breastfeeding. Models are adjusted for parental age, education, ethnicity, smoking habits, maternal parity, children's sex, gestational age, birth weight, parental history of asthma or atopy, daycare attendance and pet keeping by taking the mean of the values.






Exclusiveness of breastfeeding

Subjects who were nonexclusively breastfed for 4 months had increased risks of wheezing, shortness of breath, dry cough and persistent phlegm during the first 4 yrs (OR 1.21 (95% CI 1.09–1.34), 1.14 (1.02–1.28), 1.20 (1.10–1.31) and 1.21 (1.04–1.42), respectively) compared with children who were exclusively breastfed for 4 months (fig. 3). Analyses focused on each year separately showed that, compared with children who had been exclusively breastfed for 4 months, those who had been nonexclusively breastfed for 4 months had an increased risk of wheezing at 1, 2 and 3 yrs (p<0.05). Nonsignificant results were observed at 4 yrs. We observed similar but less consistent tendencies for dry cough (fig. 3c), but not for shortness of breath and persistent phlegm (fig. 3b and d). Based on the discrete survival analysis, those who were never or not exclusively breastfed for 4 months had asthma-related symptoms earlier in life compared with those who were exclusively breastfed (HR 1.23 (95% CI 1.05–1.44) and 1.14 (1.03–1.26), respectively) (fig. 4).
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Figure 3– 
Associations of exclusive breastfeeding with a) wheezing, b) shortness of breath, c) dry cough and d) persistent phlegm until the age of 4 yrs. Data are presented as odds ratios (ORs) with 95% confidence intervals from longitudinal generalised estimating equation models. ORs are given for the overall effect and (allowing for a time trend) for each year of age separately. Children who were exclusively breastfed for 4 months were used as reference category. Models are adjusted for parental age, education, ethnicity, smoking habits, maternal parity, children's sex, gestational age, birth weight, parental history of asthma or atopy, daycare attendance and pet keeping. NE: nonexclusive; E: exclusive; ptrend: p-value for trend. *: p<0.05; **: p<0.01.
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Figure 4– 
Time to any first asthma-related symptom (discrete survival curves) according to exclusivity of breastfeeding. Models are adjusted for parental age, education, ethnicity, smoking habits, maternal parity, children's sex, gestational age, birth weight, parental history of asthma or atopy, daycare attendance and pet keeping by taking the mean of the values.






Atopy and infections

Adjustment for eczema did not materially change the effect estimates of the association between breastfeeding exclusiveness with asthma-related symptoms in the first 4 yrs of life, whereas the estimates decreased when lower respiratory tract infections were added as a confounder (fig. 5 and online supplementary table S6).
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Figure 5– 
Atopic and infectious effects on the associations of breastfeeding exclusivity with overall estimates of a) wheezing, b) shortness of breath, c) dry cough and d) persistent phlegm. Data are presented as odds ratios with 95% confidence intervals from longitudinal generalised estimating equation models. Children who were exclusively breastfed for 4 months were used as reference category. Model 1 is adjusted for parental age, education, ethnicity, smoking habits, maternal parity, children's sex, gestational age, birth weight, parental history of asthma or atopy, daycare attendance and pet keeping. This model was additionally adjusted for eczema and lower respiratory tract infections (LRTI), which were both not imputed. NE: nonexclusive; E: exclusive; ptrend: p-value for trend. *: p<0.05; **: p<0.01.






Effect modification analyses

Differences in the overall risk of wheezing were observed for nonexclusively breastfed children with and without a parental history of asthma or atopy (OR 1.27 (1.11–1.45) and 1.14 (0.96–1.35), respectively) (online supplementary material, fig. S2 and table S7). However, no effect modification by parental history of asthma or atopy was observed for the associations of exclusiveness of breastfeeding with wheezing (p-values interaction term >0.05 in the GEE model).




DISCUSSION

Shorter duration and nonexclusivity of breastfeeding were associated with increased risks of asthma-related symptoms in preschool children. The strongest effect estimates were observed for wheezing during the first 2 yrs.

Previous studies reported consistent results on the associations between duration and exclusive breastfeeding and the risk of asthma in childhood. These suggested an up to 2.22-fold increased risk of recurrent wheezing or asthma at the ages of 2–6 yrs among children who were not breastfed or not exclusively breastfed until the age of 4 months [3–11, 13]. Our effect estimates are in line with these studies, and, additionally, we observed a dose–response relationship between breastfeeding and the number of wheezing episodes. We observed similar results for shortness of breath, dry cough at night and persistent phlegm. Also, we found that the first reported asthma-related symptom occurred earlier in life if children were either breastfed for a shorter period of time or were nonexclusively breastfed. We found evidence for a protective effect of breastfeeding on wheezing until the age of 2 yrs, but not thereafter. In these first years, wheezing is predominantly associated with respiratory tract infections [22]. Indeed, we observed that the protective effect of breastfeeding on asthma-related symptoms decreased after adjusting for lower respiratory tract infections at the corresponding ages.

The gut microflora is suggested to be different between breastfed and formula-fed infants. Compared with breastfed infants, those who receive formula have a more complex microflora with facultative anaerobes, bacteroides and clostridia at higher levels and frequencies [23]. We speculate that this might decrease with increasing exclusivity of breastfeeding, leading to a lower infection risk and less wheezing by influencing the development of the immune system [22]. Due to this putative effect on the development of the immune system, infections and asthma-related symptoms might occur less frequently even years after stopping breastfeeding. This is in line with the previously reported inconsistent results for the association of breastfeeding with the risk of asthma after the preschool age, as in that period, the gut microflora has stabilised, respiratory tract infections are less frequent and atopic mechanisms are more relevant. Also, our results regarding the nonsignificant associations with asthma-related symptoms at older ages are in line with a previously published randomised clustered trial [24].

Previous studies reported inconclusive or inversed associations of breastfeeding with eczema or atopy. Also, breastfeeding is suggested to have a potential adverse long-term effect on asthma, which demonstrates the difficulties of giving breastfeeding advice for atopy prevention [2, 5, 8]. We did not observe a change in effect estimates for asthma-related symptoms after adjusting for eczema, but only found significant effects of nonexclusive breastfeeding in children with a parental history of asthma or atopy, suggesting a larger effect of breastfeeding in this group. However, the interaction term was not significant, which may be due to the lack of large statistical power. Our results suggest that the associations of breastfeeding exclusiveness with asthma-related symptoms are at least partly modified by parental asthma or atopy. Previously, Wright et al. [8] also observed different relationships between breastfeeding and asthma with the presence or absence of maternal asthma and atopy. Breastfed children of asthmatic mothers had an increased risk of asthma from the age of 6 yrs onwards compared with breastfed children of nonasthmatic mothers. However, other studies did not report effect modification of a parental history of asthma or atopy on the association of breastfeeding with wheezing [5, 11, 12].

This study was embedded in a population-based prospective design with a large number of subjects being studied from early life onwards, and information about a large number of potential confounders was prospectively collected. We adjusted for a large number of confounders and the results did not differ between nonimputed and imputed analysis. However, we cannot exclude that other possible (residual) confounders, effect modifiers or the influence of genetic variances might have been present.

Nonresponse would lead to biased effect estimates if the associations of breastfeeding duration and exclusivity with asthma-related symptoms were different between those included and not included in the analyses. However, this seems unlikely because biased estimates mainly arose from loss to follow-up rather than from nonresponse at baseline [25].

Among infants without data on asthma-related symptoms, the frequencies of breastfeeding were lower than among infants with information on symptoms. This might have led to some loss of power and underestimation of the observed protective effects of breastfeeding in our cohort.

The main outcomes in our study were self-reported asthma-related symptoms. This method is widely accepted in epidemiological studies and reliably reflects the incidence of asthma-related symptoms in young children [26]. In preschool children, a diagnosis of asthma is based on symptoms [27]. Objective tests, including lung function or bronchial hyperresponsiveness, are difficult to perform in young children or not informative. The most consistent protective effects of breastfeeding over time were observed for wheezing. For the other asthma-related symptoms, more varying and inconsistent patterns from birth to the age of 4 yrs were found. This might be due to lower prevalence of these symptoms and the possibility that these are related to infections rather than wheeze, representing other diseases more accurately, such as respiratory tract infections. Reversed causality might be present if the duration and exclusiveness of breastfeeding had been influenced by early manifestation of asthma-related symptoms and could have led to underestimation of the effect estimates [5, 7, 8, 15, 28]. In our cohort, we assessed only one asthma-related symptom, wheezing (no or yes), at <2 months of age (n=4,130). Of children who wheezed in their first year (n=1,291), 18.8% had already had a wheezing episode in the first 2 months. The frequencies of the duration and exclusiveness of breastfeeding were similar in those who had and had not had a first wheezing episode at the age of 2 months (duration of breastfeeding >6 months was 25.1% versus 26.5%; exclusive breastfeeding 19.8% versus 18.2%). Furthermore, when we additionally adjusted our presented analyses for wheezing before the age of 2 months, the effect estimates did not materially change. Therefore, it is unlikely that reversed causation was present in our cohort.

In conclusion, our results suggest that a short duration of breastfeeding and nonexclusivity are associated with increased risks of the asthma-related symptoms during the first 4 yrs of life, with the strongest effect estimates during the first 2 yrs. These associations seem to be partly explained by lower respiratory tract infections, but not by atopic mechanisms. Further studies are needed to explore the underlying mechanisms and the protective effect of breastfeeding on the various types of asthma in later life.
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