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Abstract
Background: WHO guidelines advocate breastfeeding for six months, and EAACI

recommends exclusive breastfeeding for 4-6 months. However, evidence for
breastfeeding to prevent asthma and allergic disease is conflicting. We examined
whether following recommended breastfeeding guidelines alters the long-term risks of

asthma, eczema, rhinitis, or atopy.

Methods: The effect of non-exclusive (0, >0-6, >6 months), and exclusive breastfeeding
(0, >0-4, >4 months) on repeated measures of asthma (10, 18 years), eczema, rhinitis,
and atopy (1-or-2, 4, 10,18 years) risks were estimated in the IoW cohort (n=1456) using
log-linear models with generalised estimating equations. The Food Allergy and
Intolerance Research (FAIR) cohort (n=988), also from the loW, was examined to

replicate results.

Results: Breastfeeding (any or exclusive) had no effect on asthma and allergic disease
in the IoW cohort. In the FAIR cohort, any breastfeeding for >0-6 months protected
against asthma at 10 years (RR=0.50, 95%CI=0.32-0.79, p=0.003) but not other
outcomes, while exclusive breastfeeding for >4 months protected against repeated
rhinitis (RR=0.36, 95%CI=0.18-0.71, p=0.003). Longer breastfeeding was protective

against late-onset wheeze in the loW cohort.

Conclusion: The protective effects of non-exclusive and exclusive breastfeeding against
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long-term allergic outcomes were inconsistent between these co-located cohorts,
agreeing with previous observations of heterogeneous effects. Although breastfeeding
should be recommended for other health benefits, following breastfeeding guidelines did
not appear to afford consistent protection against long-term asthma, eczema, rhinitis or
atopy. Further research is needed into the long-term effects of breastfeeding on allergic
disease.

Introduction

The aetiology of allergy is multifactorial and comprises both genetic and environmental
components. It is now recognised that the early life environment, including nutrition, has
considerable effect on risk of several diseases including asthma and allergy. Early life
nutrition can be provided by breastfeeding or formula feeds, followed by the introduction
of complementary foods and weaning. Immunomodulatory breast milk components such
as maternal antibodies are absent from formula, and also differ between mothers and

between breast milk samples(3).

Breastfeeding for at least six months is recommended, unless contraindicated, by World
Health Organisation (WHO) guidelines (4). Exclusive breastfeeding is advised by the
European Academy of Allergy and Clinical Immunology (EAACI) for at least four to six
months (5), and EAACI guidelines state that “Breastfeeding has many benefits for
mother and child and is therefore recommended for all infants. There is a small amount
of evidence to support breastfeeding as a means of preventing the development of food
allergy”. Although there is evidence that breastfeeding alters risk of several adult
diseases, the potential benefits of breastfeeding for allergic disease are controversial.
Additionally, the effect of breastfeeding according to the current clinical guidelines on

long-term outcomes for allergic disease has not previously been investigated.
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Breastfeeding has been studied before in the Isle of Wight (loW) birth cohort. Exclusive
breastfeeding for the first three months of life is protective against early childhood atopic
wheeze (6). Breastfeeding for over four months is associated with increased lung
volume at age 10 (7). Increased lung function was also seen at age 18 but stratifying by
height reduced this association (8). Additionally, prolonged breastfeeding mitigated the
impact of maternal smoking during pregnancy and recurrent lower respiratory tract
infection (RLRTI) on asthma risk (repeated measures up to age 10) (9). In the FAIR
cohort, breastfeeding type (exclusive or non-exclusive) or duration has no effect on food
allergy prevention in early childhood (10). However the long-term effect of breastfeeding

on repeated asthma, eczema, rhinitis, and atopy up to age 18 is uncertain.

In general, studies that report a protective effect of breastfeeding on allergic disease
look at allergic outcomes in early childhood, and studies of the long-term effects are
scarce, therefore the role of breastfeeding in allergic disease throughout adolescence
needs further investigation (11). In particular, asthma diagnosis in early childhood is
primarily based on wheeze so studies reporting an early protective effect of
breastfeeding on ‘asthma’ may not identify those who continue to exhibit persistent

asthma symptoms in adulthood.

Crucially, categorisation of breastfeeding duration is widely variable, complicating inter-
study comparisons. Evidence for the effects of breastfeeding is inconsistent and often
limited by the absence of a non-breastfed reference category (12, 13). This study aims
to evaluate how appropriate breastfeeding guidelines are specifically for long-term
asthma and allergic disease risk, in a longitudinal prospective birth cohort and validation
cohort. We hypothesised that guideline breastfeeding would be protective against

development of asthma and allergic disease.

This article is protected by copyright. All rights reserved.



Materials and Methods

The Isle of Wight (loW) cohort

The IoW birth cohort (n=1456) was set up in 1989 to prospectively investigate the
development of asthma and allergic disease. Mothers were approached at birth and
following exclusion of subjects due to adoption, follow-up refusal, or perinatal deaths
95% of children were enrolled. In line with ethical approval, written parental consent was
obtained for all participants and follow-ups were conducted at 1, 2, 4, 10, and 18 years.
The cohort has been described in detail elsewhere (14). All subjects with outcome data
for at least one follow-up were included in analyses (n=1496, 1496, 1495, and 1289 for
asthma, eczema, rhinitis, and atopy respectively). Since the 1-year and 2-year follow-
ups were completed in a relatively small time window, they were combined (reported as

1-or-2 years).

Variable definitions

Breastfeeding duration data were obtained retrospectively at the 1-and-2 year follow-
ups. The minimum six months breastfeeding recommended by the WHO guidelines was
used to categorise breastfeeding into ‘no breastfeeding’, >0-6 months’, and ‘>6 months’

breastfeeding.

Duration of exclusive breastfeeding duration was defined as the age at which formula
feeding or solid foods were first introduced. According to EAACI guidelines (5), mothers
should attempt to breastfeed exclusively from birth until four months unless
contraindicated. Exclusive breastfeeding was therefore categorised into ‘no exclusive

breastfeeding, ‘>0-4 months’, and >4 months’.
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Socioeconomic status was determined by combining parental occupation at birth,
number of children in the index child’s bedroom, and family income as described
previously (7). Maternal smoking during pregnancy was recorded at birth. RLRTI was
defined as two or more episodes of parental report of chest infections, based on
productive cough lasting for five or more days in the preceding 12 months. Antibiotic
usage and wheezing were not prerequisites for the diagnosis of RLRTI. Information on
RLRTI was collected at 1 and 2 years. Other variables included sex, birth order, season
of birth, birthweight, gestational age, mode of delivery and parental history of allergy

(ever).

Asthma definition required both “history of physician-diagnosed asthma” and either
“‘wheezing or whistling in the chest in the last 12 months” or “asthma treatment in the
previous 12 months”. As asthma is difficult to diagnose with confidence in early
childhood, we only used 10 and 18-year data for asthma. Eczema was defined as
chronic or chronically relapsing itchy dermatitis lasting >6 weeks with characteristic
morphology and distribution, following Hanifin and Rajka criteria (16). Rhinitis was
defined as a problem with sneezing, or a runny or blocked nose without cold or flu in the

last year (17). Atopy was determined by skin prick testing as described previously (17).

The Food Allergy and Intolerance Research (FAIR) cohort was used for validation. The
FAIR cohort (n=988) was established in 2001, and at present has follow-up to 10 years
of age. The same definitions and methods were used in the FAIR cohort, except that
maternal education was used as a proxy for maternal socioeconomic status, and no data
were available for parental atopy or RLRTI. The FAIR cohort has been described in
detail elsewhere (18). loW results were validated in FAIR participants at ages 1, 2, 3,

and 10 years. Loss to follow-up was minimal for both cohorts (Figure 1).
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Statistical analyses

The generalised additive models (GAM) implemented in our analyses utilised splines to
semi-parametrically describe the association of asthma risk with breastfeeding duration
in the IoW cohort. The PROC GAM procedure in SAS (2) was used to fit the model. This
procedure also provided a test on the statistical significance with respect to a linear

association of asthma risk with breastfeeding duration.

X° tests were used to test the independence of factors associated with breastfeeding
duration (maternal socioeconomic status, maternal smoking during pregnancy, sibling
order, season of birth, sex, parental history of allergy, RLRTI, birthweight, gestational
age, and mode of delivery (9, 19-24)), to identify potential confounding factors. Where
available these factors were also tested in the FAIR cohort to assess whether any
associations have changed over time on the Isle of Wight. Adjusted models therefore
controlled for sex, birth order, maternal socioeconomic status, maternal smoking, season
of birth, parental history of allergic outcome (asthma, eczema, rhinitis, or atopy) and in
the case of asthma also RLRTI. Relative risks (RRs) of breastfeeding duration on
repeated asthma, eczema, rhinitis, and atopy — both adjusted and unadjusted models —

were calculated using log-linear models via generalised estimating equations.

For asthma only long-term outcomes were investigated, following previous analyses of

breastfeeding on early wheeze in the cohort (6). In the loW cohort asthma at 10 and 18
years and in the FAIR cohort asthma at age 10 were examined. Log linear models were
used to calculate RRs for the 10-year data in the FAIR cohort. All statistical analyses

used SPSS software (version 22.0.0, IBM).
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Wheeze trajectories

To analyse the effect of breastfeeding duration on subtypes of early wheeze, wheeze
trajectories were constructed based on presence/absence of wheeze ages 1-or-2 and 4
in the IoW cohort (25). These categories were never wheezed, early transient wheeze,
late wheeze, and persistent wheeze (see Table S1). Log linear models were used to
examine the effect of non-exclusive and exclusive breastfeeding on the trajectories, with
‘never wheezed’ as the reference trajectory. Most adjusted models reached singularity
for both non-exclusive and exclusive breastfeeding, so adjusted models only control for

sex and RLRTI.

Results

Cohort characteristics

Characteristics of the loW and FAIR cohorts are presented in Table 1. In the loW cohort
there were approximately equal numbers of male and female participants. The majority
of mothers initially tried to breastfeed, were non-smokers, and did not suffer from
asthma, eczema, rhinitis, or atopy (Table 1), and 21% of mothers did not breastfeed at
all. The prevalence of asthma, eczema, rhinitis, and atopy at 18 were 17.7%, 12.3%,
35.8%, and 41.4% respectively. The FAIR cohort included more mothers who did not
breastfeed (31.3%), and prevalence of asthma, eczema, rhinitis, and atopy at 10 were
18.7%, 31.2%, 23.9%, 24.6% respectively. For asthma at age 10, GAM indicated a
potential non-linear relationship (p=0.0613, Figure S1), which implies assuming linearity
between breastfeeding duration and asthma risk is not appropriate. Furthermore, the
non-linear pattern suggested a categorisation of breastfeeding around the 30 weeks time

point, which agrees with the 6 months breastfeeding recommendation by the WHO.
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Confounding factors

Potential confounders were tested for association with breastfeeding duration (Tables S2
and S3). In both cohorts, socioeconomic status, maternal smoking during pregnancy,
sibling order, and (in the loW cohort) RLRTI were associated with breastfeeding
duration. These were therefore controlled for in the adjusted models, alongside well-

evidenced confounders from the literature.

Primary Analysis: Non-exclusive breastfeeding

The effect of non-exclusive breastfeeding on allergic outcomes was examined using
both adjusted and unadjusted models. These analyses showed no significant effect of
non-exclusive breastfeeding duration across the ages of 1-or-2, 4, 10, and 18 on
asthma, eczema, rhinitis or atopy in the loW cohort (Table 2).

The validation cohort replicated the non-significant results seen in the loW cohort for
eczema, rhinitis, and atopy. However, FAIR children who were breastfed for >0-6
months were only half as likely to have asthma at age 10 as those not breastfed (Table
2). This effect was seen in both unadjusted and adjusted (RR=0.50, 95%CI 0.32-0.79,
p=0.003) models and remains significant after Bonferroni correction (four allergic

outcomes tested).

Secondary analysis: Exclusive breastfeeding

Relative to participants never exclusively breastfed, participants exclusively breastfed for
less than or greater than 4 months did not differ in their risks of long-term asthma or
allergic disease (Table 3). In unadjusted models, risk of eczema was higher among
children exclusively breastfed for >4 months relative to non-exclusive breastfeeding in
the loW cohort (RR=1.44, 95%CI 1.06-1.95, p=0.018). This did not remain significant

after adjustment or after Bonferroni correction (four allergic outcomes tested).
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In the validation cohort, exclusive breastfeeding for >4 months was protective against
repeated measures of rhinitis relative to non-exclusive breastfeeding, in both unadjusted
and adjusted (RR=0.36, 95%CI 0.18-0.71, p=0.003) models (Table 3). Additionally,
exclusive breastfeeding for >0-4 months was protective against asthma at 10 years in
the adjusted model (RR=0.68, 95%CI 0.46-0.99, p=0.045). This remained significant for

rhinitis but not asthma after Bonferroni correction (four allergic outcomes tested).

Analysis at each time point for non-exclusive and exclusive breastfeeding

Analysis of each outcome at each time point was done to determine whether inter-
cohort differences were due to differences in length of follow-up. Effects of non-exclusive
and exclusive breastfeeding remained different between the two cohorts even at similar

follow-up ages (Table S4).

Early wheeze Trajectories

In the oW cohort adjusted models, non-exclusive breastfeeding (Table S5) for >6
months was protective against falling into the late wheeze trajectory, relative to never
wheezing (RR=0.54, 95%CI 0.32-0.90, p=0.019). Similarly, exclusive breastfeeding
(Table S6) for >4 months was borderline significantly protective against late wheeze

(RR=0.57, 95%Cl 0.32-1.01, p=0.052).

In the FAIR cohort there were no significant effects of breastfeeding on wheeze
trajectories in adjusted analyses (Table S5 and S6). However, >6 months non-exclusive
breastfeeding (Table S5) had the same direction of effect (protective) against late-onset

wheeze, as observed in the loW cohort, but did not reach statistical significance.
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Discussion

This study found inconsistent protective effects of breastfeeding duration on long-term
allergic outcomes. Non-exclusive breastfeeding duration had no significant effect on
long-term allergic disease in the loW cohort, though in the validation (FAIR) cohort >0-6
months breastfeeding was protective against asthma until the age of 10. Exclusive
breastfeeding duration did not affect long-term allergy in the oW birth cohort, though >4
months exclusive breastfeeding protected against rhinitis in the validation cohort. Non-
exclusive breastfeeding for >6 months was significantly protective against the late onset
early wheeze trajectory in the loW cohort, and had the same direction of effect in the
validation cohort. This divergence in long-term effects on allergic disease, even between
two cohorts from the Isle of Wight, shows that current breastfeeding duration guidelines
are not consistently protective, and highlights the need for further research.

Primary analysis: Non-exclusive breastfeeding

Non-exclusive breastfeeding duration did not significantly affect development of allergic
disease in later childhood and early adulthood in the loW cohort, suggesting the
previously observed protective effects against early wheeze (6) do not persist. WHO
guidance advocates breastfeeding for 26 months, and whilst this may provide numerous
other health benefits, there is no evidence for the loW cohort that breastfeeding duration

affects longitudinal risk of asthma or allergic disease.

These results were largely reproduced in the validation cohort, although in FAIR a
protective effect of non-exclusive breastfeeding for >0-6 months was observed, relative
to no breastfeeding, against asthma (age 10). This effect is not significant for >6 months
which does not support a dose response effect, although numbers were small in this

category. Participation at the follow-up time points was high for both cohorts (Figure 1)
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so it seems unlikely that the inconsistent results between the two cohorts are due to loss
to follow up. However the analysis of asthma at age 10 in the FAIR cohort only included
460 individuals, which is significantly fewer than in the analyses for the other outcomes

so the possibility of selection bias remains.

Previous comparisons report differences in prevalence of wheeze, rhinitis, and allergic
sensitisation between the loW and FAIR cohorts (18), which were established on the
same island 12 years apart, suggesting the inconsistent effects on asthma may reflect
general changes in allergic disease prevalence over time. Additionally, breastfeeding
practices are different between the two cohorts and could contribute to the
inconsistencies reported here. Whilst the definition of non-exclusive breastfeeding is the
same for both cohorts, other differences exist. Data on RLRTI and parental atopy were
unavailable for FAIR, and FAIR participants have not reached 18 years — any protective
effect of breastfeeding against wheeze (6, 26) may persist to 10 but not 18 years. Our
data on long-term allergic outcomes span puberty. It could be possible that analysing
both sexes together has masked different effects of breastfeeding duration on asthma in
each sex, since puberty is known to have different effects on asthma in males and
females (27). However, in the loW cohort, stratifying the 18-year asthma analyses by
sex revealed no significant effect of breastfeeding duration on asthma in either males or
females (data not shown). Combining the two cohorts was considered for meta-analysis
and would increase the statistical power of analyses, however this was not suitable due

to the differences between the two cohorts.

Our findings agree with several previous studies. While some studies have shown a
significant protective effect, the majority of these are limited by study design (28), no

non-breastfed reference category (12, 13, 29, 30), small study size (29, 31), or short
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follow-up duration (12, 26, 32, 33). A cluster-randomised trial promoting prolonged and
exclusive breastfeeding found that 6.5-year-old children in the interventional regions had
increased prevalence of prolonged breastfeeding without a significant reduction in
allergic symptoms (34), in agreement with our findings. The prospective study design
used in our study is advantageous as it limits information bias. Additionally, our analysis
of outcomes using repeated measures allows persistence of outcomes to be taken into
account. Some studies report protective effects of breastfeeding against allergy at
younger ages, though we report that protective effects do not persist to adulthood.
Breastfeeding protects against early childhood wheeze (26, 35), but not all wheezing
children go on to develop asthma (36). This protective effect on early wheeze has been
observed in the loW cohort previously (6). Studies reporting protective effects against
childhood asthma may therefore observe a protective effect against wheeze, not
asthma, which is likely to be virus-induced and indicative of the immunological protection
that breastfeeding confers. Alternatively, breastfeeding could protect against asthma
through reduction in RLRTI, though removing RLRTI infections from our model did not
materially alter results (Table S7), and in the loW cohort the protective effect of longer
duration breastfeeding against the late-onset wheeze trajectory remained significant
while adjusting for RLRTI, suggesting that the potential effect of breastfeeding on

wheeze prevention is not due to protection from RLRTIs.

Additionally the analysis of early wheeze trajectories in the IoW cohort suggests a
protective effect of longer non-exclusive duration breastfeeding against late wheeze
(children who do not wheeze at 1-or-2 but go on to wheeze at 4 years of age) but not
persistent wheeze (children who wheeze at 1-or-2 years and 4 years) relative to never
wheeze. The same direction of effect is seen in the validation cohort although this does

not reach statistical significance. This suggests that breastfeeding may be protective
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against certain subtypes of asthma, in particular the late-onset wheeze trajectory, which
has been associated with increased allergic sensitization (37) and therefore may
represent subjects likely to subsequently develop asthma. This analysis could explain
the inconsistent results seen in this study, and also in the literature. Future research

should examine breastfeeding relative to early wheeze trajectories.

Categorisation of breastfeeding duration in previous studies varies widely, and any
categorisation has limitations. Firstly, some studies suggest a non-linear relationship
between breastfeeding duration and allergic disease (32, 38). Broad categorisation using
guideline recommendations may therefore mask non-linear relationships. Furthermore,
women who breastfed briefly may say that they did not breastfeed at all, or conversely
feel guilty and exaggerate their answer to one week. To address this issue, analyses
were rerun with a separate ‘1 week’ breastfeeding category: results for all outcomes
were similar to the primary analysis (data not shown), suggesting that potential bias due
to misclassification of women between 0-1 weeks is unlikely to affect the results of our

analysis.

Another potential limitation is that we were unable to examine reverse causality: a
mother’s decision to breastfeed may be influenced by early symptoms of allergy in the
infant. This could mask any potential effects of breastfeeding on allergy, or result in an
apparent increase in risk with prolonged breastfeeding. Few studies examine causality,
though one study found early signs of atopy increases duration of exclusive
breastfeeding (39). oW breastfeeding practices recorded at 1 and 2 years after birth
could be subject to a degree of recall bias, however recall of breastfeeding duration has

been shown to be quite accurate even 20 years after delivery (40). Non-exclusive
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breastfeeding does not consider concurrent feeding methods, so a secondary analysis

was performed examining exclusive breastfeeding.

Secondary Analysis: Exclusive breastfeeding

Exclusive breastfeeding according to EAACI guidelines provided long-term protection
against allergy, though this was inconsistent between cohorts. In the loW cohort,
exclusive breastfeeding duration had no significant effect on long-term allergy, however
in the FAIR cohort, exclusive breastfeeding for >4 months was strongly protective
against rhinitis, and exclusive breastfeeding for >0-4 months was nominally protective
against asthma. For eczema, and atopy our results agree with current research, which
suggests that delayed introduction of solids has no benefit; whilst for rhinitis prolonged
exclusive breastfeeding may be protective. The significant protective effect against
rhinitis was seen only in the validation cohort and is difficult to interpret, as this cohort’s
rhinitis definition does not differentiate between atopic and non-atopic symptoms. With
the publication of the LEAP study(46) and the Consensus statement on peanut
introduction(47) changes in the timing of introduction of solid foods is recommended,
particularly the introduction of solid foods and peanuts before 6 months of age. This
paper is reassuring in the fact that 6 months exclusive breasting does not seem to be

important for allergy prevention.

Non-exclusive breastfeeding had a stronger protective effect than exclusive
breastfeeding against asthma at 10 years in the FAIR cohort (RR=0.50 vs. RR=0.68).
Non-exclusive breastfeeding includes infants who are breastfeeding whilst introducing
formula feeds, solid food or cow’s milk so perhaps this could explain the inconsistency in
results between the two cohorts. Solid foods contain many compounds which are foreign

to infants prior to complementary feeding. Breastfeeding whilst introducing gluten-
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containing foods has been shown to reduce the risk of coeliac disease(41). It is unknown
whether breastfeeding also protects against immunological intolerance to allergic
diseases. In the oW cohort (Table S8), breastfeeding whilst introducing solid foods
reduced the risk of asthma, compared with solid introduction without concurrent breast
milk (i.e. ceasing breastfeeding and using alternatives such as formula feeds or cow’s
milk before introducing solid foods). Additionally concurrent breastfeeding reduced the
risk of rhinitis in the FAIR cohort. Again, these results are limited by their inconsistency
between the two cohorts — future studies should explore the potentially protective effect

of breastfeeding concurrent with food introduction.

Although breastfeeding duration according to guidelines does not consistently protect
against long-term allergy, breastfeeding may prevent development of allergy through
interactions that were not assessed here. Firstly, breast milk composition is widely
variable between mothers (42). Differing concentrations of the main immunoglobulin in
human breast milk, Immunoglobulin A (IgA), are associated with altered risk of atopy and
allergy (43). Along with other immunomodulatory factors in breast milk, IgA is thought to
control binding of antigens to the infant intestinal mucosa, and therefore affects not only
systemic bacterial invasion but also early microbial colonisation, altering the infant
microbiome (44). Secondly, the role of the breast milk microbiome may be important
(45). Thirdly, mode of breastfeeding was not examined in this study: breast milk can be
given to infants directly from the breast or indirectly using a pump and bottle. The
sucking mechanism differs, and may affect infant lung development and possibly lung
function in later life. Few studies examine this mechanism, although a study by Soto-
Ramirez et al. (26) found that direct breastfeeding resulted in a lower risk of wheeze or
cough in the first 12 months compared with bottled breast milk or formula feeds. Finally,

very few studies examine the effects of guideline recommendations for breastfeeding on
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allergy. Since there is conflicting evidence for the effect of breastfeeding duration on

long-term allergic disease, more research examining these guidelines is required.

Conclusion

Breastfeeding duration (exclusive or not) had some protective effects against long term
allergic disease, although these varied even between the two co-located cohorts.
Breastfeeding duration did not significantly affect risk of allergic disease in the loW
cohort, however in the FAIR cohort non-exclusive breastfeeding for >0-6 months was
protective against asthma at 10 years, and exclusive breastfeeding for >4 months
protected against repeated rhinitis. Analysis of early wheeze trajectories suggests longer
duration breastfeeding is protective against late-onset wheeze. WHO guidelines
advocate breastfeeding for 26 months, though our results do not suggest this affords
protection against long-term asthma, eczema, rhinitis, or atopy. Exclusive breastfeeding
for 24 months is recommended by EAACI guidelines as protective against allergy
disease, and this study found protective effects of exclusive breastfeeding for >4 months
against long-term rhinitis in the FAIR cohort. Future studies should examine whether
aspects of breastfeeding other than duration are important in preventing long-term

asthma and allergic disease.

Acknowledgments

We would like to thank all the participants of the loW and FAIR birth cohorts, the
research team at David Hide Asthma & Allergy Research Centre, Isle of Wight, for
collecting the data, and other members of the oW and FAIR research groups for

valuable discussions.

This article is protected by copyright. All rights reserved.



Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect to the research,

authorship, and/or publication of this article.

Authors contributions

VB and GAL contributed to design, performed data analysis and wrote the manuscript.
HZ and WK contributed to design, analysis and interpretation of the data. NSR and CV
contributed to data analysis and revising the manuscript. JWH contributed to the
concept, design, interpretation of the data and review for intellectual content. SHA
contributed to the concept, acquisition of data and review for intellectual content. All

authors approved the final manuscript.

Funding Source
The 18-year assessment of the Isle of Wight birth cohort study was funded by a grant

from the National Institutes of Health USA (RO1 HL082925).

References

1. Cleveland W, Devlin S. Locally Weighted Regression: An Approach to
Regression Analysis by Local Fitting. Journal of the American Statistical Association
1988;83:596-610.

2. SAS Institute Inc. SAS/STAT 13.1 User's Guide. In. Cary, NC: SAS Institute Inc,;
2013.

3. Sjogren YM, Duchén K, Lindh F, Bjorkstén B, Sverremark-Ekstrom E. Neutral
oligosaccharides in colostrum in relation to maternal allergy and allergy
development in children up to 18 months of age. Pediatric Allergy and Immunology
2007;18(1):20-26.

4. World Health Organisation. Infant and young child nutrition: Global strategy
on infant and young child feeding. 55th World Health Assembly. Geneva,

This article is protected by copyright. All rights reserved.



Switzerland: World Health Organisation; 2002.

5. Muraro A, Halken S, Arshad SH, Beyer K, Dubois AE]J, Du Toit G, et al. EAACI
Food Allergy and Anaphylaxis Guidelines. Primary prevention of food allergy.
Allergy 2014;69(5):590-601.

6. Kurukulaaratchy R], Matthews S, Arshad SH. Relationship between childhood
atopy and wheeze: what mediates wheezing in atopic phenotypes? Ann Allergy
Asthma Immunol 2006;97(1):84-91.

7. Ogbuanu IU, Karmaus W, Arshad SH, Kurukulaaratchy R], Ewart S. Effect of
breastfeeding duration on lung function at age 10 years: a prospective birth cohort
study. Thorax 2009;64(1):62-66.

8. Soto-Ramirez N, Alexander M, Karmaus W, Yousefi M, Zhang H,
Kurukulaaratchy R], et al. Breastfeeding is associated with increased lung function
at 18 years of age: a cohort study. European Respiratory Journal 2012;39(4):985-
991.

9. Karmaus W, Dobai A, Ogbuanu I, Arshard S, Matthews S, Ewart S. Long-term
effects of breastfeeding, maternal smoking during pregnancy, and recurrent lower
respiratory tract infections on asthma in children. ] Asthma 2008;45:688 - 695.

10.  Venter C, Pereira B, Voigt K, Grundy ], Clayton CB, Higgins B, et al. Factors
associated with maternal dietary intake, feeding and weaning practices, and the
development of food hypersensitivity in the infant. Pediatric Allergy and
Immunology 2009;20(4):320-327.

11.  Duncan JM, Sears MR. Breastfeeding and allergies: time for a change in
paradigm? Current Opinion in Allergy and Clinical Inmunology 2008;8(5):398-405.
12.  Wright AL, Holberg CJ], Taussig LM, Martinez FD. Factors influencing the
relation of infant feeding to asthma and recurrent wheeze in childhood. Thorax
2001;56(3):192-197.

13. Matheson MC, Erbas B, Balasuriya A, Jenkins MA, Wharton CL, Tang ML-K, et
al. Breast-feeding and atopic disease: A cohort study from childhood to middle age.
Journal of Allergy and Clinical Imnmunology 2007;120(5):1051-1057.

14. Arshad SH, Hide DW. Effect of environmental factors on the development of
allergic disorders in infancy. Journal of Allergy and Clinical Imnmunology
1992;90(2):235-241.

15. Asher MI, Keil U, Anderson HR, Beasley R, Crane ], Martinez F, et al.
International Study of Asthma and Allergies in Childhood (ISAAC): rationale and
methods. The European Respiratory Journal : Official Journal of the European Society
For Clinical Respiratory Physiology 1995;8(3):483-491.

16.  Hanifin ], Rajka G. Diagnostic features of atopic dermatitis. Acta derm
venereol (Stockh) 1980;92:44-47.

17. Kurukulaaratchy RJ, Karmaus W, Raza A, Matthews S, Roberts G, Arshad SH.
The influence of gender and atopy on the natural history of rhinitis in the first 18
years of life. Clinical & Experimental Allergy 2011;41(6):851-859.

18. Patil V, Kurukulaaratchy R, Venter C, Grundy ], Roberts G, Dean T, et al.
Changing prevalence of wheeze, rhinitis and allergic sensitisation in late childhood:
findings from 2 Isle of Wight birth cohorts’ 12-years apart. Clinical & Experimental
Allergy 2015.

19.  Chantry CJ, Howard CR, Auinger P. Full breastfeeding duration and associated

This article is protected by copyright. All rights reserved.



decrease in respiratory tract infection in US children. Pediatrics 2006;117(2):425-
432.

20. Oakley LL, Renfrew M], Kurinczuk JJ, Quigley MA. Factors associated with
breastfeeding in England: an analysis by primary care trust. BMJ Open 2013;3(6).
21.  Leung GM, Ho L-M, Lam T-H. Breastfeeding Rates in Hong Kong: A
Comparison of the 1987 and 1997 Birth Cohorts. Birth 2002;29(3):162-168.

22.  Weiss ST, Gold DR. Gender differences in asthma. Pediatric Pulmonology
1995;19(3):153-155.

23.  Bener A, Ehlayel MS, Alsowaidi S, Sabbah A. Role of breast feeding in primary
prevention of asthma and allergic diseases in a traditional society. European annals
of allergy and clinical immunology 2007;39(10):337-343.

24, Lockett GA, Soto-Ramirez N, Ray M, Everson TM, Xu C, Patil VK, et al.
Association of Season of Birth with DNA Methylation and Allergic Disease (under
review).

25. Martinez F, Wright A, Taussig L, Holberg C, Halonen M, Morgan W. Asthma
and Wheezing in the First Six Years of Life. New England Journal of Medicine
1995;332(3):133-138.

26. Soto-Ramirez N, Karmaus W, Zhang H, Davis S, Agarwal S, Albergottie A.
Modes of Infant Feeding and the Occurrence of Coughing/Wheezing in the First Year
of Life. Journal of Human Lactation 2013;29(1):71-80.

27. Mandhane P, Greene ], Sears M. Interactions between breast-feeding, specific
parental atopy, and sex on development of asthma and atopy. Journal of Allergy and
Clinical Immunology 2007;119(6):1359-1366.

28. Miyake Y, Arakawa M, Tanaka K, Sasaki S, Ohya Y. Cross-sectional study of
allergic disorders associated with breastfeeding in Japan: The Ryukyus Child Health
Study. Pediatric Allergy and Immunology 2007;18(5):433-440.

29. Savilahti E, Tainio VM, Salmenpera L, Siimes MA, Perheentupa ]. Prolonged
exclusive breast feeding and heredity as determinants in infantile atopy. Arch Dis
Child 1987;62(3):269-273.

30. Ludvigsson JF, Mostrom M, Ludvigsson ], Duchen K. Exclusive breastfeeding
and risk of atopic dermatitis in some 8300 infants. Pediatric Allergy and Immunology
2005;16(3):201-208.

31. Saarinen UM, Kajosaari M. Breastfeeding as prophylaxis against atopic
disease: prospective follow-up study until 17 years old. The Lancet
1995;346(8982):1065-1069.

32. Oddy WH, Peat JK, de Klerk NH. Maternal asthma, infant feeding, and the risk
of asthma in childhood. Journal of Allergy and Clinical Immunology 2002;110(1):65-
67.

33. Laubereau B, Brockow [, Zirngibl A, Koletzko S, Gruebl A, von Berg A, et al.
Effect of breast-feeding on the development of atopic dermatitis during the first 3
years of life-results from the GINI-birth cohort study. The Journal of pediatrics
2004;144(5):602-607.

34, Kramer MS, Matush L, Vanilovich I, Platt RW, Bogdanovich N, Sevkovskaya Z,
et al. Effects of prolonged and exclusive breastfeeding on child height, weight,
adiposity, and blood pressure at age 6.5 y: evidence from a large randomized trial.
The American Journal of Clinical Nutrition 2007;86(6):1717-1721.

This article is protected by copyright. All rights reserved.



35. Elliott L, Henderson ], Northstone K, Chiu GY, Dunson D, London §].
Prospective study of breast-feeding in relation to wheeze, atopy, and bronchial
hyperresponsiveness in the Avon Longitudinal Study of Parents and Children
(ALSPAC). Journal of Allergy and Clinical Inmunology 2008;122(1):49-54.

36. Soto-Ramirez N, Ziyab AH, Karmaus W, Zhang H, Kurukulaaratchy R], Ewart
S, et al. Epidemiologic methods of assessing asthma and wheezing episodes in
longitudinal studies: measures of change and stability. /] Epidemiol 2013;23(6):399-
410.

37. Savenije O, Granell R, Caudri D, Koppelman G, Smit H, Wijga A, et al.
Comparison of childhood wheezing phenotypes in 2 birth cohorts: ALSPAC and
PIAMA. Journal of Allergy and Clinical Immunology 2011;127(6):1505-1512.e1514.
38. Rothenbacher D, Weyermann M, Beermann C, Brenner H. Breastfeeding,
soluble CD14 concentration in breast milk and risk of atopic dermatitis and asthma
in early childhood: birth cohort study. Clinical & Experimental Allergy
2005;35(8):1014-1021.

39. Lowe A], Carlin |B, Bennett CM, Abramson M], Hosking CS, Hill D], et al. Atopic
disease and breast-feeding-cause or consequence? Journal of Allergy and Clinical
Immunology 2006;117(3):682-687.

40. Natland ST, Andersen LF, Nilsen TI, Forsmo S, Jacobsen GW. Maternal recall
of breastfeeding duration twenty years after delivery. BMC Med Res Methodol
2012;12:179.

41. Ivarsson A, Hernell O, Stenlund H, Persson L. Breast-feeding protects against
celiac disease. The American Journal of Clinical Nutrition 2002;75(5):914-921.

42.  Munblit D, Boyle R], Warner JO. Factors affecting breast milk composition
and potential consequences for development of the allergic phenotype. Clinical &
Experimental Allergy 2015;45(3):583-601.

43. Savilahti E, Siltanen M, Kajosaari M, Vaarala O, Saarinen KM. IgA Antibodies,
TGF- 81 and - 8 2, and Soluble CD14 in the Colostrum and Development of Atopy by
Age 4. Pediatric Research 2005;58(6):1300-1305.

44.  Hurley WL, Theil PK. Perspectives on Immunoglobulins in Colostrum and
Milk. Nutrients 2011;3(4):442-474.

45. Fernandez L, Langa S, Martin V, Maldonado A, Jiménez E, Martin R, et al. The
human milk microbiota: Origin and potential roles in health and disease.
Pharmacological Research 2013;69(1):1-10.

46. Du Toit G, Roberts G, Sayre P, Bahnson H, Radulovic S, Santos A, et al.
Randomized Trial of Peanut Consumption in Infants at Risk for Peanut Allergy. New
England Journal of Medicine 2015;372(9):803-813.

47. Fleischer D, Sicherer S, Greenhawt M, Campbell D, Chan E, Muraro A, et al.
Consensus communication on early peanut introduction and the prevention of
peanut allergy in high-risk infants. Journal of Allergy and Clinical Inmunology
2015;136(2):258-261.

This article is protected by copyright. All rights reserved.



Tables and Figures

TABLE 1: Baseline characteristics of participants

Variable loW cohort FAIR alternative FAIR cohort
(n=1536) variable (n= 988)
Non-exclusive
breastfeeding duration
No breastfeeding 283 (21.0%) 276 (31.3%)
>0 to 6 months 711 (52.9%) 398 (45.2%)
>6 months 351 (26.1%) 207 (23.5%)
Exclusive breastfeeding
duration
No breastfeeding 425 (31.2%) 329 (40.5%)
>0 to 4 months 744 (54.6%) 437 (53.8%)
>4 months 193 (14.2%) 46 (5.7%)
Maternal socioeconomic
status
1 (lowest) 209 (15.4%) Did not finish 12 (1.2%)
school
2 240 (17.7%) School 363 (37.7%)
3 403 (29.7%) Further education 437 (45.3%)
4 394 (29.0%) Higher education 152 (15.8%)
5 (highest) 111 (8.2%)
Maternal smoking during
pregnancy
Yes 384 (25.2%) 211 (22.5%)
No 1137 (74.8%) 726 (77.5%)
Season of birth
Winter 499 (32.5%) 221 (22.8%)
Spring 364 (23.7%) 256 (26.4%)
Summer 353 (23.0%) 248 (25.6%)
Autumn 320 (20.8%) 244 (25.2%)
Sibling order
1 510 (42.1%) 401 (41.4%)
2 419 (34.6%) 316 (32.6%)
>3 283 (23.3%) 252 (26.0%)
Sex
Male 786 (51.2%) 495 (51.7%)
Female 750 (48.8%) 462 (48.3%)
Parental asthma
None 1208 (80.4%) 615 (65.1%)
Maternal 147 (9.8%) 168 (17.8%)
Paternal 132 (8.8%) 117 (12.4%)
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Both 16 (1.1%) 45 (4.8%)
Parental eczema

None 1242 (82.7%) 629 (67.1%)

Maternal 164 (10.9%) 193 (20.6%)

Paternal 81 (5.4%) 69 (7.4%)

Both 15 (1%) 47 (5%)
Parental rhinitis

None 1030 (68.4%) 473 (51.5%)

Maternal 255 (16.9%) 194 (21.1%)

Paternal 176 (11.7%) 164 (17.9%)

Both 44 (2.9%) 87 (9.5%)
Parental atopy n/a

None 744 (49.4%) -

Maternal 377 (25.0%) -

Paternal 244 (16.2%) -

Both 142 (9.4%) -
RLRTI 211 (15.4%) n/a -
OUTCOMES

Asthma at 10
Asthma at 18

201 (14.7%)
231 (17.7%)

Asthma at 10

101 (19.7%)

Eczema at 1 or 2 196 (14.2%) Eczema at 1 168 (18.7%)
Eczema at 4 145 (11.9%) Eczema at 2 204 (23.9%)
Eczema at 10 186 (13.7%) Eczema at 3 163 (18.4%)

Eczema at 18

(
(
(
(
(
(

161 (12.3%)

Eczema at 10

(
(
(
258 (31.2%)
(
(
(

Rhinitis at 1 or 2 217 (15.8%) Rhinitis at 1 184 (20.4%)
Rhinitis at 4 65 (5.4%) Rhinitis at 2 141 (16.4%)
Rhinitis at 10 308 (22.6%) Rhinitis at 3 133 (14.9%)
Rhinitis at 18 468 (35.8%) Rhinitis at 10 198 (23.9%)
Atopy at 1 or 2 41 (7.8%) Atopy at 1 20 (2.6%)
Atopy at 4 192 (19.6%) Atopy at 2 54 (8.2%)
Atopy at 10 279 (26.9%) Atopy at 3 76 (11.8%)
Atopy at 18 353 (41.4%) Atopy at 10 145 (24.6%)

Numbers of subjects in each subgroup are shown (with % of total); The full lIoW cohort
has n = 1,536 subjects recruited at birth and n = 1,456 available for follow-up; the full
FAIR cohort has n = 988 subjects recruited at birth; where numbers total to less than this
the difference is due to missing data. Column 3 displays variables for the FAIR cohort if

different from the loW cohort.
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TABLE 2: Effect of duration of non-exclusive breastfeeding on risk of allergic disease in

the loW and FAIR cohorts

Duration of non-exclusive breastfeeding (months)
(RR; 95 CI; p value)

0 >0-6 >6
loW Unadjusted
Asthma Ref.  1.06; (0.80-1.40); 0.709  0.91; (0.65-1.27); 0.563
Eczema Ref.  1.30; (0.98-1.71); 0.065 1.20; (0.88-1.63); 0.253
Rhinitis Ref.  0.99; (0.85-1.15); 0.848  0.92; (0.77-1.09); 0.327
Atopy Ref.  1.083; (0.84-1.26); 1.029 1.05; (0.84-1.31); 0.695
loW Adjusted
Asthma Ref.  1.02; (0.75-1.39); 0.908  0.95; (0.66-1.36); 0.769
Eczema Ref.  1.32; (0.97-1.80); 0.076 1.10; (0.77-1.57); 0.585
Rhinitis Ref.  1.01;(0.85-1.20); 0.945  0.90; (0.74-1.10); 0.311
Atopy Ref.  0.98; (0.80-1.21); 0.869 1.04; (0.83-1.30); 0.733
FAIR
Unadjusted
Asthma Ref. 0.57;(0.37 - 0.87); 0.010 0.82; (0.52 - 1.29); 0.381
Eczema Ref. 1.05; (0.85-1.30); 0.650 1.09; (0.85-1.40); 0.478
Rhinitis Ref. 0.93;(0.78-1.11); 0.408  0.86; (0.69-1.07); 0.172
Atopy Ref. 1.09; (0.78-1.54); 0.605 1.40; (0.97-2.03); 0.069
FAIR Adjusted
Asthma Ref. 0.50; (0.32 - 0.79); 0.003 0.89; (0.56 - 1.41); 0.614
Eczema Ref. 1.01;(0.81-1.26); 0.940 1.05; (0.81-1.36); 0.697
Rhinitis Ref. 1.01;(0.84-1.22); 0.925  0.95; (0.75-1.20); 0.675
Atopy Ref. 0.97;(0.69-1.35); 0.848 1.14; (0.78-1.67); 0.490

Effect of breastfeeding duration was assessed on asthma (n=1087) at ages 10 and 18,
and on eczema (n=1106), rhinitis (n=1109), and atopy (n=1052) at ages 1-or-2, 4, 10
and 18 in the loW cohort; and on asthma (n=460) at 10 years, and on eczema (n=834),
rhinitis(n=819), and atopy (n=791) at 1, 2, 3 and 10 years in the FAIR cohort. Cl:
confidence interval. loW adjusted models controlled for maternal socioeconomic status,
maternal smoking during pregnancy, season of birth, sibling order, sex, parental history
of relevant allergic disease, and for asthma also RLRTI. Significant effects are shown in
bold font. FAIR cohort adjusted models controlled for maternal education, maternal
smoking during pregnancy, season of birth, sibling order, sex, and parental history of

relevant allergic disease. Significant effects are shown in bold font.
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TABLE 3: Effect of exclusive breastfeeding duration on risk of allergic disease in the

loW and FAIR cohorts

Duration of exclusive breastfeeding (months)
(RR; 95 CI; p value)

0 >0-4 >4
loW Unadjusted
Asthma Ref.  1.02; (0.78-1.34); 0.873 0.91; (0.62-1.35); 0.648
Eczema Ref.  1.01;(0.79-1.31); 0.923 1.44; (1.06-1.95); 0.018
Rhinitis Ref.  0.99; (0.85-1.15); 0.892 0.98; (0.81-1.20); 0.867
Atopy Ref.  1.02; (0.84-1.24); 0.863 1.19; (0.94-1.50); 0.157
loW Adjusted
Asthma Ref.  1.04;(0.76-1.41); 0.812 1.00; (0.66-1.50); 0.982
Eczema Ref.  1.11; (0.83-1.48); 0.495 1.37; (0.97-1.93); 0.075
Rhinitis Ref.  1.04; (0.88-1.23); 0.670 1.00; (0.81-1.24); 0.978
Atopy Ref.  0.94; (0.77-1.15); 0.533 1.09; (0.86-1.37); 0.487
FAIR Unadjusted
Asthma Ref. 0.74; (0.51 - 1.08); 0.117 0.21; (0.03 - 1.41); 0.107
Eczema Ref.  1.05; (0.87-1.28); 0.592 1.10; (0.72-1.66): 0.665
Rhinitis Ref.  0.96; (0.82-1.14); 0.660 0.31; (0.15-0.62); <0.001
Atopy Ref.  1.19;(0.87-1.62); 0.285 1.11; (0.61-2.04); 0.732
FAIR Adjusted
Asthma Ref. 0.68; (0.46 - 0.99); 0.045  0.20; (0.03 - 1.37); 0.101
Eczema Ref.  1.03; (0.84-1.27); 0.746 1.07; (0.70-1.63); 0.762
Rhinitis Ref.  1.05; (0.88-1.24); 0.614 0.36; (0.18-0.71); 0.003
Atopy Ref.  1.09; (0.80-1.49); 0.574 0.96; (0.52-1.77); 0.884

Effect of exclusive breastfeeding duration was analysed on asthma(n=1011) at 10 and
18, and on eczema(n=1031), rhinitis (n=1034), and atopy (n=978) at 1-or-2, 4, 10 and 18
in the loW cohort; and on asthma at 10, and eczema, rhinitis, and atopy at 1, 2, 3, and
10 years in the FAIR cohort. CI: confidence interval. loW cohort adjusted models
controlled maternal socioeconomic status, maternal smoking during pregnancy, season
of birth, sibling order, sex, parental history of relevant allergic disease, and for asthma
also RLRTI. FAIR cohort adjusted models controlled for maternal education, maternal
smoking during pregnancy, season of birth, sibling order, sex, and parental history of

relevant allergic disease. Significant effects are shown in bold font.
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loW Cohort

Figure 1: loW and FAIR Cohort participation rates and follow up

FAIR Cohort

Recruliment at birth (1989-1980);

Recruitment at birth (2001-2002):

n=1,456 (85%) n=9868 (81.6%)
1 year: 1 year:

n=1,167 (80.2%) n=800 (80.9%)
2 years: 2 years:

n=1,174 (80.6%)}

n=858 (88.5%)

A 4

A 4

4 years: 3 years:
n=1,218 (83.7%) n=891 (91.6%)

10 years: 10 years:
n=1,373 (84.3%) n=827 (85%)

. 4

18 years:
n=1,313 (80.2%)

Flow diagram demonstrating the loW and FAIR cohort participation rates at each time-
point from birth up to 18 and 10 years respectively. Percentages are calculated out of the

number of children born on the oW during the recruitment period.

This article is protected by copyright. All rights reserved.



