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Abstract
Background—Breastfeeding clearly protects against early wheezing, but recent data suggest that
it may increase later risk of atopic disease and asthma.

Objective—To examine the relationship between breastfeeding and later asthma and allergy
outcomes using data from the Avon Longitudinal Study of Parents and Children, a large birth cohort
in the United Kingdom.

Methods—We used adjusted logistic regression models to evaluate the association between
breastfeeding and atopy at age 7 years, bronchial responsiveness to methacholine at age 8 years, and
wheeze at ages 3 and 7½ years. Bayesian methods were used to assess the possibility of bias due to
an influence of early wheezing on duration of breastfeeding as well as selection bias.

Results—Breastfeeding was protective for wheeze in the first 3 years of life (OR =0.80, 95% CI
0.70-0.90 for 6+ months relative to never) but not wheeze (OR=0.98, 95% CI 0.79-1.22), atopy
(OR=1.12, 95% CI 0.92-1.35) or BHR (1.07, 95% CI 0.82-1.40) at ages 7-8 years. Bayesian models
adjusting for the longer duration of breastfeeding among children with wheezing in early infancy
gave virtually identical results.

Conclusions—We did not find consistent evidence for either a deleterious effect or a protective
effect of breastfeeding on later risk of allergic disease in a large prospective birth cohort of children
with objective outcome measures and extensive data on potential confounders and effect modifiers.
Neither reverse causation nor loss to follow-up appears to have materially biased our results.

Clinical implications—Breastfeeding does not increase the risk of asthma or atopy in children,
even when their mothers are asthmatic.
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Capsule Summary—This study supports the evidence that breastfeeding does not adversely affect
children with regard to asthma and other allergic outcomes. Breastfeeding’s protective role against
early wheezing is a benefit for respiratory health.
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Introduction
Breastfeeding protects the offspring from a variety of adverse health conditions1-3 but
controversy remains regarding its role in the development of asthma and allergy. A substantial
body of prospective studies supports a modest protective effect of breastfeeding against wheeze
and asthma in infancy and early childhood4,5. However, the protective effect of breastfeeding
on asthma in later childhood (age six years and above) is less evident5 and some recent studies
suggest that breastfeeding actually increases the risk of asthma, wheeze or atopy to
aeroallergens at older ages6-11. In one study, breastfeeding was associated with increased risk
of asthma only in children with a family history of atopic illness6. Recent data suggesting that
breastfeeding might enhance the risk of asthma phenotypes conflict with public health
guidelines encouraging breastfeeding1 and have raised concern among pregnant women and
their physicians12, 13.

Systematic reviews have highlighted methodological issues that contribute to the complexity
of studying the association between breastfeeding and allergic disease 2-5,13,14. A key issue
is recall bias in feeding history; this is eliminated by prospective data collection. Other
important issues include lack of data on breastfeeding duration and degree of exclusivity,
measurement and control for potential confounding factors including family allergic history,
and the lack of objective or uniform classification of allergic outcomes 15. More recently it
has been suggested that measuring the effects of breastfeeding on allergic disease may also be
complicated by reverse causation, if mothers prolong breastfeeding because they note early
symptoms of asthma or allergy in their children 16-18. Only recently have studies attempted
to examine this possible source of bias in a quantitative manner7,17.

Given the recent controversy generated by new data on adverse effects of breastfeeding related
to asthma phenotypes, we examined prospective data from the Avon Longitudinal Study of
Parents and Children (ALSPAC), a population-based birth cohort study that enrolled over
14,000 pregnant women and followed their children through late childhood. We also evaluated
potential reverse causation using prospective information on breastfeeding and early wheeze,
analyzed with Bayesian methods 19. These methods also account for the possibility of selection
bias due to loss to follow-up.

Methods
ALSPAC Study

We used data from the ALSPAC study (http://www.alspac.bris.ac.uk) which has been
described in detail elsewhere 14. Additional information is available in the online repository.
Ethical approval for the study was obtained from the ALSPAC Law and Ethics Committee and
the Local Research Ethics Committees. The core ALSPAC sample consists of 14,541
pregnancies resulting in a cohort of 14,062 live births. Of these, 13,988 children were alive at
one year of age. For reasons of confidentiality, data on the triplet and quadruplet children were
not available, leaving 13,978 study children alive at age one year.
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Breastfeeding
Data on breastfeeding were obtained from questions about dietary and feeding habits included
in six questionnaires sent to mothers during the first four years of the child’s life. (Please see
online repository for detailed information on breastfeeding.) We used data on breastfeeding
from all questionnaires on which it was queried to minimize exclusion of subjects for missing
data. We were able to assign breastfeeding duration (never, <1 month, 1 to <3 months, 3 to <6
months and 6+ months) to 90.3% (n = 12,623) of the cohort and exclusive breastfeeding to
90.9% (n = 12,706) of the cohort.

Health outcomes
Self-reported outcomes—Our primary self-reported outcomes were wheeze in the first 3
years of life and wheeze at 7½ years, between the measurements of the two objective outcomes
(atopy and bronchial hyperresponsiveness). (See online repository for additional detail on
wheeze.) We were able to classify 78.9% of the cohort with respect to wheezing status in the
first 3 years.

We also considered wheezing at the questionnaire administered at 7½ years, between the
measurements of the two objective outcomes (atopy and bronchial hyperresponsiveness). We
had data on wheeze at 7½ years on 8,200 children.

Although asthma is subject to diagnostic bias based on factors that may be related to breast
feeding, whereas wheeze, a symptom, is not, we examined asthma at the 7½ year questionnaire
for comparison with stratified analyses similar to those of Wright et al.6 We defined current
asthma as a report on the questionnaire of doctor-diagnosis of asthma, plus either wheeze or
the use of asthma medications within the previous 12 months. The question about doctor
diagnosis of asthma read “Has a doctor ever actually said that your study child has asthma?”.
We had questionnaire data on asthma at 7½ years on 8,131 children.

Objective outcome measures
Atopy—At the age of approximately seven years, 7,245 ALSPAC participants (of 12,715
invited children) underwent skin prick testing to a core panel of common allergens (cat, mixed
grass pollen, peanut, egg white, Dermatophagoides pteronyssinus (Der p), and mixed nuts
(ALK Abelló, Horshølm, Denmark). (See online repository for more detail on skin prick tests.)
A positive skin test for a given allergen was defined as a mean wheal diameter of ≥2 mm, with
a zero response to the negative control.

We defined atopy as a positive test to at least one of the aeroallergens included in the core
panel (cat, mixed grass and house dust mite). We have previously reported that positivity to
these three core aeroallergens predicted 95% of reactivity to any of 29 allergens that were tested
in three panels on separate thirds of the children20. We were able to classify atopy to
aeroallergens for 6,512 children.

Lung function and bronchial hyper-responsiveness—At the age of approximately
eight years, 7,081 ALSPAC participants (56.7% of 12,478 children invited) visited the research
clinic (“Focus @ 8”) for tests of lung function. We used American Thoracic Society 21 criteria
to select lung function measurements acceptable for analysis. (See online repository for more
detail on lung function and bronchial hyper-responsiveness.)

Of the 6,997 children with acceptable lung function measurements, 6.4% (n = 446) had
FEV1 <70% and thus were not invited to participate in assessments of bronchial hyper-
responsiveness (BHR) using the rapid methacholine inhalation test 22. Approximately 67% (n
= 4,364) of the 6,551 children with FEV1 FEV1 ≥70% completed bronchial challenge. The
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challenge was stopped when the FEV1 fell by more than 20% from the post-saline value, with
a cumulative dose of ≥1.2 mg methacholine.

Confounders—Variables were considered as potential confounders if they were known to
be associated with breastfeeding and each outcome of interest. Questionnaire data were used
for all variables evaluated as confounders. For variables with the potential to change over time
(e.g., environmental tobacco smoke exposure, crowding), we used the highest value reported
on questionnaires administered during the first four years of life.

Statistical Analyses
We used logistic regression to evaluate the relationship between each measure of breastfeeding
and each health outcome. Breastfeeding measures included ever vs. never breastfed, duration
of breastfeeding (never, <1 month, 1 to <3 months, 3 to <6 months, 6+ months), and duration
of exclusive breastfeeding (never breastfed, exclusive breastfeeding < 4 months, exclusive
breastfeeding ≥ 4 months). Sample sizes for analyses of different outcomes varied, due to
differences in available information (Table E1). As expected, more children were included in
analyses of wheezing because this was ascertained by questionnaire rather than clinic visits.

We used a change-in-estimate method to evaluate variables as confounders of the relationship
between breastfeeding (ever vs. never) and each outcome 23. For each logistic model, our
cutoff criterion was a 10% change in the beta coefficient for breastfeeding in relation to the
outcome. (See online repository for detail on potential confounders.) Final models were
adjusted for sex, maternal age (continuous), maternal smoking in last 2 months of pregnancy
(yes, no), environmental tobacco smoke in the first 4 years of life (none, low, moderate/high),
maternal asthma, maternal allergy, and older siblings (yes/no). We also evaluated each of the
variables included as confounders as potential effect modifiers in stratified analyses.

To examine the potential for reverse causation, we used life table analysis and Kaplan Meyer
survival curves 24 to describe the temporal relationship between wheezing and cessation of
breastfeeding. We examined breastfeeding duration stratified by early wheezing status,
including children who never wheezed and those who wheezed before cessation of
breastfeeding. There were 9,166 children with information on both early wheezing and
breastfeeding. (See online repository for additional information on breastfeeding and wheeze
among these children.)

To model the potential for reverse causation in more detail, we used Bayesian analysis to fit a
joint model designed to incorporate the potential for early wheezing to modify the duration of
breastfeeding in assessing the relationship between breastfeeding and the later health outcomes
19. (See online repository for information about Bayesian analysis.) The Bayesian analysis
also adjusts for possible selection bias due to loss to follow-up for the ascertainment of
outcomes at ages seven and eight. Models were adjusted for the confounders identified in
previous logistic regression models.

We used SAS version 9.1 (SAS Institute, Cary, NC) to conduct all analyses except for joint
modeling. Models were fitted jointly using WinBUGS (Windows version of Bayesian
inference Using Gibbs Sampling), a freely available software package for Bayesian inference
(available at http://www.mrc-bsu.cam.ac.uk/bugs/).

Results
Approximately 25% of the children in the ALSPAC cohort were never breastfed, 25% were
breastfed for at least 6 months, and approximately 8.5% were exclusively breastfed for at least
4 months (Online Repository Table E1). Participation in the clinic visits at age seven years for
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skin prick testing and eight years for bronchial responsiveness testing was higher among
children who had been breastfed, had older siblings, less postnatal exposure to environmental
tobacco smoke, or who had mothers who were older, had asthma, allergy, or had not smoked
during the last two months of pregnancy (Online Repository Table E1).

Wheezing in the first three years of life was reported for 4,721 children (51.9% of questionnaire
respondents with breastfeeding and covariate data) and wheezing at 7½ years by 781 children
(10.5%). Skin prick tests at age seven years revealed atopy in 1,235 children (21.3% of those
tested with breastfeeding and covariate data) and methacholine challenge indicated BHR for
615 children at age eight years (15.7%) (Table 1).

In crude analyses, breastfeeding had a modest inverse association with wheeze in the first three
years of life (for example, OR for 6+ months relative to never breastfed = 0.64, 95% CI
0.57-0.71) and atopy was weakly positively related to breastfeeding (OR for 6+ months relative
to never = 1.20, 95% CI 1.00-1.44) (Table 1). After adjustment for confounders, breastfeeding
remained protective for early wheeze (OR for 6+ months relative to never breastfed = 0.80,
95% CI 0.70-0.90) but the weak relation with atopy was further attenuated and not statistically
significant (OR = 1.11, 95% CI 0.92-1.35) (Table 1). Maternal age and maternal history of
allergy were the most important confounders of the slight relationship between breastfeeding
and atopy (data not shown). When the 70 children reporting antihistamine use were excluded
from analyses, the results were not materially different. There was no appreciable association
with BHR or current wheezing in either crude or adjusted analyses.

We found no clear evidence of effect modification of the association between breastfeeding
and any of the outcomes by any of the factors that were included as confounders: sex, maternal
age (dichotomized at the median), maternal smoking in last 2 months of pregnancy (yes, no),
environmental tobacco smoke in the first 4 years of life (none, some), maternal asthma,
maternal allergy, and older siblings (yes/no) (data not shown). Based on the findings of Wright
et al. (2001)6 that exclusive breastfeeding for at least 4 months led to a very high increased
risk of later asthma in the subgroup of children who were both atopic and had an asthmatic
mother, we also calculated odds ratios for each of our breastfeeding metrics (ever/never,
duration, and exclusivity) in relation to the comparable outcome of current asthma at 7½ years
(defined as doctor’s diagnosis plus either wheeze or medication use in the past 12 months)
stratified by the four combined categories of child’s atopy (based on skin prick testing) and
mother’s history of asthma. The analysis comparing exclusive breastfeeding for 4+ months
with exclusive breastfeeding for < 4 months does not suggest increased risk of asthma among
atopic children with asthmatic mothers (crude OR for asthma = 0.55, 95% CI 0.20-1.55, OR
for BHR = 0.67, 95% CI 0.12, 3.65). Although our study is much larger than that of Wright et
al., subset analyses remain limited by small numbers; e.g., there were only 6 asthmatic children
among the 198 who were exclusively breastfed more than 4 months and were both atopic and
had asthmatic mothers and only 2 children with BHR among the 98 children with BHR data
who had asthmatic mothers and were atopic. Based on a recent suggestion that the association
between breastfeeding and atopy might depend jointly on parental atopy and gender of the
child27, we also examined possible effect modification by the combination of child gender and
parental atopy. We found no evidence for this three-way interaction -- ORs for atopy in relation
to ever-never breastfeeding were close to 1.0 for all combinations of child gender and parental
atopy.

Children with wheeze reported by three months of age appeared to be breastfed for longer
periods than children without early wheeze (Figure 1). The mean duration of breastfeeding for
children who did not wheeze in the first three months of life was 6.6 months (standard error
(SE) 0.10), compared with 8.9 months (SE 0.24) for children with wheeze (log-rank test for
homogeneity p < 0.0001).
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The Bayesian joint model included a random effect variable that suggested that children with
susceptibility to wheeze were more likely to be breastfed longer and to develop allergic
outcomes. However, results from this Bayesian analysis were virtually identical to those from
logistic regression models. The Bayesian joint model also adjusted for possible effects of
selection bias due to the loss of subjects for the visits at ages seven and eight when atopy and
BHR were determined. In the Bayesian joint model, breastfeeding remained protective against
early wheeze, slightly positively, but not statistically significantly associated with atopy
[relative to never breastfed, OR = 0.95 for less than 3 months, 1.10 for 3-6 months and 1.18
(95% CI 0.93-1.48) for 6+ months of breastfeeding], and was not associated with bronchial
hyperresponsiveness [relative to never breastfed, OR = 1.10 for less than 3 months, 1.08 for
3-6 months and 1.03 (95% CI 0.78-1.39) for 6+ months of breastfeeding] for later wheeze.

Discussion
In this large prospective study with objective outcome measures at ages seven and eight years
and extensive data on potential confounders and effect modifiers, we found no evidence that
breastfeeding increased the risk of later wheeze, asthma diagnosis, atopy, or BHR. We found
no evidence of deleterious effects of breastfeeding either in the dataset as a whole or in subsets
defined by parental atopy, child atopy, gender, family size, various combinations of these
factors or by other risk factors in these data.

As in most previous prospective studies, we found evidence for a modest protective effect of
breastfeeding on wheezing in the first few years of life 5, 28, 29. At this age, wheezing is
predominantly associated with viral illnesses, and breastfeeding protect by reducing respiratory
infections. Although we did not ask about asthma in the first few years of life, due to uncertainty
of this diagnosis in young children, the finding of a protective effect of early wheezing is
consistent with results from studies that examined early asthma30-32. In our data, the protective
effect of breastfeeding on wheeze in early life did not extend into later childhood (7½ years),
consistent with most other studies4,5. This is not surprising, however, because asthma
phenotypes in later childhood are more likely to be atopic and would only be associated if
breastfeeding modulates atopy. In contrast to our findings, a few prospective studies have
reported adverse effects of breastfeeding on later wheeze or asthma risk7,8. In another study,
breastfeeding was related to increased risk of asthma in later childhood only among the
subgroup of 99 children of asthmatic mothers6, while breastfeeding was not related to atopy
to aeroallergens. For atopy, in unadjusted analyses, we found a very slight increased risk of
borderline statistical significance for six or more months of breast feeding. However, after
adjustment for confounders, especially maternal history of allergy and maternal age,
breastfeeding was no longer associated with atopy. In three much smaller studies with measures
of atopy to aeroallergens at age 5 years or after, breastfeeding was a modest risk factor 7,8,
10 but there was no increased risk in another6.

The divergent findings on effects of breastfeeding across studies may result by chance due to
small numbers, especially in subset analysis. Differences in breastfeeding practices across time
and place, variability in ages at which children are studied, or methodological issues including
recall bias of feeding history, divergent criteria for allergic outcomes, and confounding may
also contribute to discrepancies in the literature. By using data on breastfeeding and a wide
array of potential confounders collected prospectively from the large ALSPAC birth cohort,
in whom objective measures of atopy and bronchial hyperresponsiveness were obtained in later
childhood, we were able to address many of the major methodological issues.

Divergent findings across studies may also be related to differences in environmental exposures
for different populations. For example, increased microbial loads have been associated with
increased risk of wheeze from lower respiratory infections in children, but in decreased risk of
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asthma and allergy in later childhood and adolescence33. In the ALSPAC cohort, 53% had
older siblings, 11% attended daycare in the first two years of life, 70% had exposure to pets in
the first two years, and at least 54% had used antibiotics in the first 15 months of life.

Although not well explored in the previous literature, reverse causation could contribute to
positive associations between breastfeeding and allergic outcomes, if the duration of
breastfeeding is influenced by early manifestations of atopic or asthmatic phenotypes16-18.
To our knowledge, only one study has evaluated reverse causation in a quantitative manner.
In the Melbourne Atopy Cohort study, Lowe et al.17 found that early signs of atopic disease
led to prolongation of exclusive breastfeeding. Mirshahi et al10 attempted to examine reverse
causation with respect to itchy rash in the first four weeks or three months of life. Although
limited by small numbers, they reported that “there were trends indicating a tendency to prolong
breastfeeding and delay the introduction of solid foods among children with early features of
eczema”. Although we did not collect data on itchy rash with sufficient time course detail to
allow assessment of reverse causation by this phenotype, we found that mothers breastfed
babies who wheezed in the first 3 months of life for a slightly longer time than nonwheezy
babies, suggesting that early manifestations of asthma phenotypes may play a part in a mother’s
decision to continue breastfeeding. However, results from a joint model using Bayesian
methods indicated that this modest difference in duration of breastfeeding based on early infant
wheezing was not sufficient to bias the relationships between breastfeeding and the health
outcomes examined.

As in virtually all previous birth cohorts we experienced substantive loss to follow-up for
outcome assessment in later childhood, although the attrition occurred steadily over the time
course of the study. Children who were breastfed were more likely to participate in the later
clinic visits when atopy and BHR were measured (Table 1). However, in order for selection
bias to occur, loss to follow-up must be jointly dependent on the exposure of interest and the
outcomes under study with sufficient strength to influence the association34. Therefore, we
evaluated the possibility of informative missingness of later childhood outcomes, contingent
on breastfeeding and risk factors for developing the conditions under study, using Bayesian
methods. We did not find evidence that the pattern of missing data in this study appreciably
influenced our findings.

The major benefits of this study for examination of the possible effects of breastfeeding on
later development of atopy and asthma phenotypes include its large size and the use of objective
outcome measures. For example, almost 7,000 children underwent skin-prick testing and over
4,000 children had measures of bronchial hyperresponsiveness. This compares with
approximately 700 children with skin prick testing and approximately 800 with bronchial
hyperresponsiveness testing in the largest study with objective outcomes to report a deleterious
effect of breastfeeding on these outcomes 7. In addition, our study is one of the largest
prospective studies with questionnaire-based assessment of symptoms and diagnoses in later
childhood. Thus we had improved power to investigate any potential effect modification with
a reduced possibility of random variations in associations between breastfeeding and
respiratory or allergic outcomes within small strata. For example, unusually large positive odds
ratios of 8.7 have been reported for exclusive breastfeeding in relation to asthma among
children of asthmatic mothers 6. Among the 99 children with an asthmatic mother in that study,
there was only one asthmatic in the never breastfed group limiting the ability to reliably estimate
associations. In contrast, our comparable analysis included 728 asthmatic children with an
asthmatic mother. Likewise, Mandhane et al.27, in follow-up of the finding of Wright et al.
6 regarding interaction with maternal asthma, found no such interaction but on additional
stratification by child gender found some strong increased risks (OR = 7.4) for breastfeeding
in relation to atopy among the subgroup of 55 boys with atopic fathers. Although multi-way
interaction analyses are often interesting to contemplate, they require sample sizes that are far
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larger than any published study of breastfeeding and respiratory outcomes 35. Very large birth
cohorts (approximately 100,000 children each) currently being assembled in the US, Norway,
Denmark and other countries may have sufficient power to examine properly these higher-
order interactions that could be of relevance to the study of breastfeeding and allergy or asthma.

A trial in which women are randomized to breastfeeding or not, and children are examined in
later childhood without loss of follow-up could answer definitively the question of whether
breastfeeding leads to later risk of atopy or asthma. However, such a trial is not feasible. A
recent study randomized communities in Belarus to receive or not receive a hospital and clinic-
based breastfeeding promotion intervention11. The intervention successfully increased the
duration of breastfeeding; for example at three months the prevalence of breastfeeding was
72.7% in intervention communities compared with 60.0% for control with much greater
differences for exclusive breastfeeding (43.3% versus 6.4%). Being in an intervention
community had no significant impact on skin test positivity (OR for atopy to any of 5 common
antigens was 1.2, 95% CI 0.5-2.6). An increased risk of atopy (OR = 2.0, 95% CI 1.1-3.4)
appeared only in a sensitivity analysis removing the six clinics out of 31 with suspiciously high
rates of atopy, resulting in exclusion of 26.1% of the intervention subjects versus 12.3% of the
control group. Notably, no increased risks of wheezing, asthma, or eczema were found.

Our study supports the body of evidence that breastfeeding does not adversely affect children
with regard to asthma and other allergic outcomes. Even if breastfeeding does not protect
against atopy or asthma in later childhood, the protection against wheezing illness in the first
few years of life is a benefit for respiratory health. Given some recent findings from smaller
studies or subset analyses suggesting deleterious effects, these results should provide
reassurance to expectant mothers, including those with atopy, regarding current public health
guidelines that encourage breastfeeding.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan Meyer curves for breastfeeding duration in children with and without early wheeze.
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