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Clinical & Summary

i The relationship between breastfeeding and allergic disease risk has been controversial. This
Expe rime nta I article reviews the current evidence for the role of breastfeeding in the prevention of allergic

disease. We found considerable methodological limitations inherent in most studies evaluat-

AI I ergy ing the effect of breastfeeding in allergic disease. Nevertheless, since randomized control tri-
als in breast feeding research would be considered unethical, the evidence remains limited to
poorer quality observational studies where participation and recall bias can severely affect
the objectivity of the data collected. Furthermore, reporting of type of breastfeeding (exclu-
sive, full or partial) may be biased by a participant’s inherent belief system of what they think
they should be doing. Current evidence is inconclusive regarding the effect of breastfeeding
on the development of eczema, with the most recent systemic review reporting no protective
effect. There is insufficient data regarding the effects of breastfeeding on objective measures
of food allergy at any age. Studies show a paradoxical effect of breastfeeding on the preven-
tion of asthma, with an apparent protective effect against early wheezing illness in the first
years of life yet an increased risk of asthma in later life; however, these findings must be
interpreted with caution. Existing studies fail to adequately adjust for confounders, including
the critical issues of protection against early life respiratory illnesses and reverse causation.
Therefore, it is possible that the effect of breastfeeding on early wheezing illness reflects pro-
tection against respiratory infection, the predominant trigger of wheezing in early childhood,
rather than a true reduction in risk of asthma. In summary, future research that takes into
account the potential contribution of confounding factors and effect modifiers is needed to
clarify the role of breastfeeding in development of allergic disease and to inform current
clinical guidelines on the prevention of allergic disease.
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feed babies, also has many positive psychological bene-
fits including optimizing early mother-infant bonding.
Breastfeeding has many reported health benefits for Breast milk contains numerous immune factors includ-
both mother and child, and as the most natural way to ing IgA antibodies. There is evidence suggesting that
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breastfeeding protects against a variety of health prob-
lems in infancy and childhood including SIDS, necro-
tizing enterocolitis, childhood obesity, diabetes, severe
infections and allergic diseases, as well as reducing the
risk of cardiovascular disease and cancer in later life.
This review will discuss both the biological plausibility
and potential role of breastfeeding in the prevention of
allergic disease including food allergy, eczema, asthma
and allergic rhinitis. Importantly, we will also discuss
the significant methodological issues that limit interpre-
tation of the current evidence base.

Breastfeeding was first suggested to prevent the
development of allergic disease in 1936 when Grulee
and Sanford reported it was associated with a lower
incidence of eczema [1]. Since that time, the debate has
raged over whether or not breastfeeding does in fact
protect against the development of allergies and allergic
diseases. Although proponents of prolonged and exclu-
sive breastfeeding often argue the many benefits of
breastfeeding, it has been surprisingly difficult to gather
evidence for beneficial effects in the prevention of
allergic disease. The reasons for this are many and var-
ied and will be discussed below. As a result of these
limitations in evidence base, peak expert bodies have
generated an array of guidelines that are at times in
conflict with each other and these will also be
discussed.

Definitions of infant feeding — a source of confusion
when comparing studies

There are a myriad of ways by which infants receive
nutrition in the first few months of life, leading to a
broad range of infant feeding practices. Infants can be
fed by breastfeeding alone, supplemented partially with
expressed breast milk, infant formula (including cow’s
milk based formulae either unmodified or partially hy-
drolysed, goat’s milk formula, soy-based formula or
medicated formulae including extensively hydrolysed
and amino-acid based formulae or polymeric formulas),
fully formula fed, or any of the above supplemented with
solids.

The World Health Organisation has published criteria
for infant feeding practices [2]. The WHO criteria for
‘exclusive breastfeeding’ requires feeding with breast
milk (including milk expressed or from a wet nurse)
and does not allow intake of any other liquids or solids
with the exception of oral rehydration solution, drops
and syrups (vitamins, minerals, medicines) [2]. An
infant who receives water, water-based drinks or juices
but not non-human milk formula is considered to be
‘predominantly breastfed’ and no longer ‘exclusively
breastfed’. An infant who receives any non-human milk
formula, even for one feed, is considered to be ‘partially
breastfed’. Partially breastfed refers to the combined use

of breast milk and formula either as a routine or on a
variable basis due to work or social commitments and/
or the inability to effectively express breast milk. ‘Never
breastfed’ refers to situations where mothers never initi-
ate breastfeeding or are unable to establish breastfeed-
ing. Research studies have used a variety of definitions
for breastfeeding that are not always consistent with
the above WHO definitions, and in many cases have
failed to report a specific definition for breastfeeding.
These variations in definitions used and the inconsis-
tency of reporting of definitions can contribute signifi-
cantly to study heterogeneity when trying to establish
the impact of breastfeeding on a disease outcome.

Methodological considerations when evaluating an
evidence base for guidelines

Study design

There have been several reviews of the methodological
challenges inherent in the study of breastfeeding [3]. The
single most problematic methodological limitation in the
investigation of the benefits of breastfeeding in allergic
disease is the inability to randomize infants to a non-
breastfeeding ‘control’ arm and to undertake a random-
ized control trial for the generation of level one evidence
[4]. Furthermore blinding of breastfeeding is impossible.
Even if expressed breast milk was used in a blinded fash-
ion to improve the quality of study design, the possibility
that breast milk supply would be compromised by the
absence of infant stimulation of the breast poses a signif-
icant ethical dilemma. Consequently, observational stud-
ies offer the only population-based approach to
investigate the potential beneficial effects of breastfeed-
ing, acknowledging the obvious inherent limitations
associated with this approach.

Another important limitation is the potential bias due
to parent-selection of feeding preferences. One form of
such a bias, ‘reverse causation’, is already well recog-
nized to influence feeding preferences in families with
infants at high risk of allergic disease, and is presumed
to result from recommendations for prolonged and
exclusive breastfeeding in current guidelines for pre-
vention of allergic disease. Indeed, Lowe et al. [5]
reported that families at high risk of allergic disease are
more likely to select this form of feeding. Therefore the
association between breastfeeding for more than
6 months and an increased risk of allergic disease
observed in their cohort of 620 high-risk infants can
potentially be explained by the fact that high-risk fami-
lies choose to breast feed longer rather than by the fact
that breast feeding increases the risk of allergic disease.
In addition to adjusting for family history risk which
may drive behaviour that is not causally associated
with the outcome of allergic disease, other factors could
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potentially act as confounders including socio-eco-
nomic status (with lower rates of breastfeeding amongst
those with lower education levels and SES), smoking,
country of origin and region specific feeding guidelines
(discussed further below), and must be adequately
adjusted for as part of the data analysis.

Inconsistency of definitions for breastfeeding and disease
outcomes across studies

Another methodological caveat in studies examining the
effects of breastfeeding on allergic disease development
is that the majority have not provided clear definitions
for breastfeeding and/or are unable to accurately report
the nature of breastfeeding in the subjects (exclusive,
predominantly, partially or never breastfed). This incon-
sistency in the reporting and classification of extent of
breastfeeding significantly complicates our ability to
compare results from different studies. This is particu-
larly true when considering food allergy as an outcome
since complementary formula most frequently is based
on cow’s milk protein and early exposure to unmodified
cow’s milk protein may significantly impact on the risk
of developing cow’s milk allergy. Indeed, there have been
conflicting reports that exposure to cow’s milk protein in
early infancy can both increase and decrease the risk of
developing cow’s milk allergy as well as eczema [6],
which are likely to have been confounded by this issue.
Furthermore the secretion of intact cow’s milk protein
(beta-lactoglobulin) in breast milk has been well
described [7], and the level of allergenic protein content
in breast milk can vary not only from mother to mother
but from feed to feed within the same woman. A further
factor to consider is that timing of introduction of solids
can significantly effect intestinal microbial colonization
and may potentially also confound the effect of breast-
feeding on allergic disease outcomes. Therefore studies
investigating benefits of breastfeeding need to adjust for
the timing of introduction of solids, the duration of
breastfeeding, and infant exposure to cow’s milk protein,
as well as capturing information on maternal diet.

The definitions of allergic disease are similarly varied
and inconsistent across studies. For example, different
studies have used allergen sensitization, self report or
doctor diagnosis to define presence of food allergy,
with the first two definitions correlating poorly with
the gold standard food challenge for diagnosis of food
allergy. Similarly diverse outcome definitions have
been applied in studies evaluating the impact of breast-
feeding on eczema, asthma, and allergic rhinitis.

Differences in study populations

It is likely that breast milk composition will vary
between individuals and these variations may influence
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the effects of breast milk on prevention of allergic dis-
ease. For example, the levels of TGF3 within breast milk
were shown to vary widely between individuals, possi-
bly related to atopic history of the mothers or probiotic
intake, and higher levels were associated with protec-
tion against allergic disease outcomes [8]. The myriad
of breast milk factors that may mediate the beneficial
effects of breast milk on prevention of allergic disease
are discussed in the following section. Previous studies
have not taken the potential impact of effect modifiers
into account and these differences may contribute to
the divergent findings of studies.

How might breastfeeding protect against allergic
disease?

In evaluating the evidence for or against a protective
effect of breastfeeding on the development of allergic
disease, it is relevant to consider plausible biological
mechanisms by which breastfeeding might confer
beneficial effects.

Immune modulatory components of human milk

The composition of human breast milk is complex and
contains many factors that interact with the infant’s
intestinal milieu and immune system. Components of
breast milk that have immune modulatory activity
include antigens (allergens), cytokines, immunoglobu-
lins, polyunsaturated fatty acids, and chemokines [9].
Secretory Immunoglobulin A (IgA) is the predominant
antibody isotype in human breast milk and exhibits
specificity for an array of common intestinal and respi-
ratory pathogens [10]. Lactoferrin (LF) is the major pro-
tein in mature milk and has several effects including
microbicidal, immunostimulatory, and anti-inflamma-
tory actions, mediated through inhibition of the pro-
duction of several proinflammatory cytokines [11].
Hence, both IgA and lactoferrin may modulate the
intestinal microbiota composition, which plays an
important role in the development of allergic disease
(discussed in the next section). A variety of leucocytes
with immune protective functions, are present in colos-
trum and mature milk, including macrophages, neutro-
philic granulocytes, and lymphocytes [10]. The exact
role of these cells in the development and maturation
of the infant’s immune system is not clear but it has
been hypothesized that they may both compensate for
the immature function of the neonatal immune system
and promote its maturation. Other components of
human breast milk include hormones, growth factors,
and partially digested milk peptides [12].

The cytokines, TGFP and IL10, are particularly rele-
vant when considering the tolerogenic potential of
breast milk [8, 13]. A systematic review has shown that
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TGEP levels in human breast milk were positively asso-
ciated with protection against allergic disease outcomes
in infancy and early childhood [8]. Food and airborne
allergens present within breast milk are also an impor-
tant aspect of the tolerogenic potential of breast milk.
Maternal exposure to common airborne and dietary
allergens as well as the efficiency of antigen transfer
across mammary epithelium may therefore be important
factors influencing the protective effects of breastfeed-
ing on development of allergic disease. Recent animal
studies suggest that the co-presentation of food or
inhaled allergen together with immunomodulatory
compounds within breast milk is sufficient to induce
tolerance to that allergen [14-16]. Furthermore, the
presence of allergen-IgG immune complexes within
breast milk induced tolerance in offspring without a
requirement for TGFB [17]. Allergen-immune complexes
were observed in mother mice that were already sensi-
tized to the allergen and then re-exposed to that aller-
gen while breastfeeding [17]. Consistent with these
findings from animal models, epidemiological evidence
suggests that introduction of foods while the infant is
breastfeeding may promote tolerance [18], although a
more recent study failed to observe a protective effect
of breastfeeding during egg introduction on the
development of egg allergy [19].

In summary, numerous breast milk components can
have important effects on the immune system of the
developing infant, to either promote or impair the devel-
opment of tolerance and conversely the development of
allergic disease.

Establishment of a healthy intestinal microbiota

Microbial colonization of the newborn intestine is
required for normal immune development, which in
turn is important for regulation of gut inflammatory
responses and oral tolerance induction to new foods
introduced into an infant’s diet [20, 21]. Mice raised in
a germ free environment fail to develop oral tolerance
and have persistent Th2 dependent responses [22]. This
immune deviation can be experimentally corrected by
seeding with Bacteroides fragilis, but only if this occurs
during the neonatal period [22]. Moreover, an altered
intestinal microbiota in the first few weeks of life is
associated with increased risk of eczema and asthma in
infancy [1, 23-25]. However, the specific microbial
changes associated with protection against allergic dis-
ease remain uncertain and more recent data suggest
that microbial diversity may be of greater relevance
[26, 27].

Breastfeeding for 4-6 months may assist in the
development of a healthy gut microbiota by providing
bifidobacteria and lactic acid bacteria that reinforce col-
onization [28], and by supplying galato-oligosaccharides

that promote a healthy microbiota composition. A wide
variety of galacto-oligosaccharides are found in breast
milk, and have documented bifidogenic effects in the
infant gut. In addition to galacto-oligosaccharides,
breast milk contains nucleotides, IgA, and antimicrobial
factors such as lactoferrin, which can modulate the
infant gut microbiota composition. Breastfeeding also
facilitates exchange of microbes between mother and
infant. Weaning breaks the constant supply of oligosac-
charides and microbes from the mother, and microbiota
differences between breastfed and formula fed infants
largely disappear beyond 6 months of age [29].

Timing of introduction of foods

The timing of introduction of foods is directly related to
the duration of exclusive breastfeeding and should
therefore be considered when reviewing the evidence for
or against the role of breastfeeding in the prevention of
allergic disease. Emerging data suggest that early intro-
duction of certain allergenic foods is safe and may con-
fer protection against development of allergic disease
[30]. We recently assessed the impact of timing of intro-
duction of allergenic foods using data from the Health-
Nuts study [19]. Later introduction of egg into the diet
was associated with higher rates of egg allergy, with the
adjusted odds ratio for introduction of egg after
12 months being 3.4 [95% CI 1.8-6.5] compared with
introduction at 4-6 months of age [19]. Interestingly,
introduction of cooked egg, such as scrambled, baked or
fried, was more protective than introducing egg in
baked goods, with the risk of egg allergy in infants who
had cooked egg introduced into their diet at 4-6 months
being five times lower than those infants who had
cooked egg introduced into their diet at the normally
recommended time of 10—12 months of age after adjust-
ing for confounding factors. In contrast, there was no
protective effect amongst infants who were first intro-
duced baked egg into their diet between 4 and 6 months
presumably because a lower dose exposure did not con-
fer a beneficial effect against egg allergy. Similarly, a
higher rate of peanut allergy was reported in school
aged children living in the UK as compared to those liv-
ing in Israel [31]. The authors hypothesized that the
lower prevalence of peanut allergy in Israel is related to
earlier introduction of peanut-based snacks during
infancy as compared to avoidance of peanut in the diet
for the first 2 years of life in the UK. It should be noted,
however, that this would not explain the reduced preva-
lence of other allergic diseases such as egg and tree nut
allergy, as well as eczema that was reported in the
Israeli children.

Based on these observations, it is plausible that
breastfeeding might influence infant immune responses
and the development of allergic disease either directly

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-25
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via its diverse immune modulating properties or
indirectly through its effects on intestinal microbiota.

The effect of breastfeeding on the development of
allergic disease

We will now turn to discussing the evidence surround-
ing breastfeeding and prevention of allergic disease by
considering each allergic condition separately.

Food allergy

Studies examining the association between breastfeed-
ing and food allergy are limited and are listed in
Table 1. A major obstacle faced by studies evaluating
food allergy as an outcome is that the gold standard
for confirming the presence of food allergy is a formal
food challenge which is labour intensive, expensive,
and impractical to conduct in large epidemiological
studies. Consequently, only one of the studies in
Table 1 applied the definition of food allergy as an
allergic reaction following food ingestion [32], whereas
other studies relied upon surrogate markers for identifi-
cation of food allergy such as IgE sensitization to food
allergens (demonstrated by positive skin prick test or
presence of food-specific IgE in serum) [33-35] or self
reported food allergy [36]. A large longitudinal Swed-
ish birth cohort study reported a reduced risk of clini-
cal reaction to food at 2 years of age [32] and a
reduced risk of sensitization to cow’s milk and wheat
at age 8 years in children exclusively breast fed for
>4 months [33]. A large Australian longitudinal study
found that exclusive breastfeeding for the first
3 months of life was associated with a reduced risk of
parent reported food or medicine allergy at age 7 years
but an increased risk of self reported food allergy at
age 44 years [36]. Conversely, in a German study of
allergy in childhood, subgroup analyses in newborns
with or without elevated cord blood IgE and a family
history of allergy revealed that exclusive breastfeeding
for >5 months was associated with an increased risk
of sensitization to egg white at 1 year (but not at
2 years) in children who had elevated cord blood IgE,
but not in children who had a family history of allergy
or both a family history and high cord blood IgE [35].
Finally the Isle of White birth cohort reported no asso-
ciation between breastfeeding for >3 months and
peanut sensitization at 4 years of age although detailed
data on the type of breastfeeding were not provided
[34].

Currently there is insufficient evidence to suggest
whether breastfeeding does or does not protect against
food allergy. Further studies using more rigorous food
allergy definitions would be valuable.

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-25

Atopic dermatitis

Atopic dermatitis has a widely variable presentation
and definitions of atopic dermatitis/eczema adopted in
epidemiological studies have been inconsistent, making
comparisons between studies difficult. Several diagnos-
tic criteria are commonly used, including the UK work-
ing party diagnostic criteria [37] that is partially based
on original criteria proposed by Hannifin and Rajka
[38], and the ISAAC study questionnaire definition [39].
Along with the variation in the definition of eczema/
atopic dermatitis there is also considerable variation in
the definition of breastfeeding that is used between
studies. Most of the studies reported herein in relation
to eczema have used exclusive breastfeeding for a set
period of months, ranging from >3 to 5 months.

There have been two systematic reviews and meta-
analyses of prospective cohort studies on the associa-
tion between breastfeeding and atopic dermatitis and
they have revealed different findings [40, 41]. The first
review published in 2001 [40] found that breastfeeding
in the first 3 months was associated with a reduced
incidence of AD, with a stronger effect in those with a
family history of allergic disease. Conversely, a more
recent review published in 2009 [41] found no associa-
tion between AD and exclusive breast feeding for the
first 3 months even when stratified by parental atopy.

We have performed a comprehensive assessment of
all the studies examining the association between
breastfeeding and eczema/AD (Table 2). Not only is
there considerable variation in the definition of eczema
used between studies but the age at which eczema is
assessed varies widely. There are no studies examining
long-term eczema risk into adulthood, with the longest
follow-up completed only to the age of 7 years [42].
The majority of studies have found neither an increase
nor a decrease in risk of eczema associated with breast-
feeding [43-53]. A positive association between exclu-
sive breastfeeding for up to 4 months and eczema in
early childhood (up to age 7 years) has been shown in
five studies [35, 42, 53-55]. However the issue of
reverse causation, that is self-selection to prolonged
breastfeeding in infants with atopic manifestations, was
not uniformly taken into account. One of these studies
did attempt to account for reverse causation by exclud-
ing children who developed eczema during the period
of breastfeeding, and confirmed a persistent significant
positive association between exclusive breastfeeding
and eczema in children with a family history of allergic
disease [56].

A negative/inverse association between exclusive
breastfeeding for >3 months and eczema in early child-
hood (up to age 4 years) was found in five studies [32,
50, 57-59]. Two of these studies that reported a nega-
tive association between exclusive breastfeeding (for 16
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and 13 weeks, respectively) and eczema were under-
taken in high-risk birth cohorts and assessed eczema
risk in the first year of life [57, 58]. Another large Ger-
man birth cohort study assessing eczema to 3 years of
age found a reduced risk of AD in children breast fed
for >4 months only in those with a family history of
allergic disease [49]. Other studies have also reported
inverse associations between breastfeeding and eczema,
but found no interaction with a family history of aller-
gic disease [32, 50, 59]. Only one study compared dif-
ferent durations of breast feeding, with the protective
effect of exclusive breast feeding only observed in the
group breast fed for between 6 and <9 months [59].

Our assessment of the studies examining the associa-
tion between breastfeeding and eczema/AD is in line
with the review by Yang et al. [41]. Current evidence
does not support a beneficial effect of breastfeeding on
development of eczema. There are an equal number of
studies reporting a beneficial or negative -effect,
although the majority of studies reported no effect on
eczema in early childhood.

Asthma

The relationship between breastfeeding and asthma has
been controversial with numerous studies being pub-
lished since the late 1970s. Several extensive reviews/
meta-analyses have been conducted in an attempt to
summarize and consolidate the evidence on the rela-
tionship between breastfeeding and asthma. In 2001
Gdalevich and colleagues [60], conducted a meta-anal-
ysis reviewing all studies published between 1966 and
1999 and identified 12 prospective studies that met
their inclusion criteria. Overall they found a protective
effect of exclusive breastfeeding on bronchial asthma
[60]. Although authors of this review took great care
to include studies with detailed and prospective collec-
tion of exposure data (breastfeeding), the use of ‘bron-
chial asthma’ as a surrogate definition for asthma was
less rigorous. Bronchial asthma was defined as all of
the following: asthma diagnosed by a physician, con-
secutive reporting of wheezing beyond 1 year, and
treatment for lower respiratory tract allergy. Another
multidisciplinary review by van 0dijk et al., [61] also
concluded that there was an overall protective effect
of breastfeeding on allergic disease which included
asthma and wheeze but the definitions of asthma and
wheeze were not reported. We have summarized the
studies reported in these two extensive reviews and
additional studies reported since 2003 in Table 3. Over
30 studies have now been conducted evaluating the
relationship between asthma and breastfeeding with
conflicting results.

The definitions of ‘asthma’ in the studies of breast-
feeding presented herein are varied, as were the age

ranges at which subjects were assessed. This is particu-
larly relevant since recent prospective studies have clar-
ified that wheezing in young children represents a
heterogeneous group of wheezing conditions rather
than a single disorder [62, 63] and that not all children
who wheeze in the first years of life go on to develop
asthma. It is therefore important to understand that
wheezing in early life may not necessarily represent
true asthma persisting beyond early childhood when
evaluating the impact of breastfeeding on asthma.

Based on our assessment of the studies presented in
Table 3, there is consistent evidence that breastfeeding,
of any type, is protective against the development of
wheezing in early life, before approximately 7-8 years
of age [32, 36, 64-75]. This protective effect of breast-
feeding appears to be strongest for wheezing in the first
2-3 years of life [32, 36, 59, 67-72], which is consistent
with breastfeeding protecting against upper and lower
respiratory tract infections [76].

The effect of breastfeeding on asthma that persists
beyond early childhood is less clear. A number of
studies have suggested that breastfeeding may have
opposite effects on wheezing in early life as compared
to wheezing in later childhood and adulthood which is
more likely to represent asthma. A large study by Rus-
coni et al., [67] (n = 16 333) reported that breastfeed-
ing was associated with a reduced risk of ‘Transient
Wheeze' [defined as lower respiratory tract infection
(LRTI) with wheeze before 2 years and no current
wheeze in the last 12 months at 6-7 years of age] but
an increased risk of ‘Late-Onset Wheeze' (defined as
no LRTI with wheeze before 2 years but wheeze in the
last 12 months at 6-7 years of age). The Tucson Chil-
dren’s Respiratory Study found that breastfeeding was
associated with lower rates of recurrent wheeze before
the age of 6 years, but was a risk factor for asthma
and recurrent wheeze between 6 and 13 years [68].
Similarly, the Tasmanian Longitudinal Health Study
(TAHS) observed that exclusive breastfeeding for the
first 3 months of life was associated with a reduced
risk of asthma before the age of 7 years but an
increased risk of asthma between 14 and 44 years
[36]. Furthermore the Dunedin Multidisciplinary Health
and Development Research Study found that breast-
feeding was associated with an increased risk of cur-
rent asthma between 9 and 26 years but did not
examine the association between breastfeeding and
asthma before 9 years of age [77]. Taken together,
there is accumulating evidence from observational
studies that breastfeeding may protect against wheez-
ing in early childhood (up to age 6-7 years) but
increase the risk of asthma in late childhood and
adulthood. Given the limitations of evidence derived
from observational studies, and in particular the issue
of reverse causation, these findings highlight the need
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for further investigation of the long-term effects of
breastfeeding on asthma.

Protective effect of breastfeeding against respiratory
infections and the impact on asthma risk

When considering the relationship between breastfeed-
ing and asthma, it is important to recognize that breast-
feeding can also modulate the risk of respiratory tract
infections in childhood, which can in turn influence
asthma risk. Moreover, virus-associated wheezing in
early life (that is related to abnormal lung development
and resolves with lung maturation in childhood) and
wheezing illness that persists into later childhood (that
is strongly associated with atopy) are known to have
different underlying pathogenic mechanisms. Breast-
feeding is therefore expected to have differential effects
on the various phenotypes of wheezing illness. This
complex interrelationship between breastfeeding, infec-
tion, wheezing and asthma, may contribute to the para-
doxical effects of breastfeeding on asthma observed in
early vs. later life.

There is evidence from both developing and developed
countries that breast feeding decreases the risk and sever-
ity of a wide range of infectious diseases including otitis
media, upper and lower respiratory tract infections, diar-
rhoea, urinary tract infections, neonatal septicaemia, and
necrotizing enterocolitis [78]. Respiratory infections are
closely associated with the risk of asthma and the associ-
ation appears to be dependent on the timing of infections
during infancy, the number of infections, and the type or
severity of the infection. Several studies have demon-
strated that an increased number of lower respiratory
tract infections (LRTI) are associated with the develop-
ment asthma [79-81]. The association between upper
respiratory tract infections (URTI) and asthma is less
clear, with one study showing that having less than three
URTI in the first year of life was associated with a
reduced risk of asthma but having more than three URTI
increased the risk of asthma [79]. There is also some evi-
dence that non wheezing LRTI in the first year of life is
associated with a reduced risk of atopy in childhood [79,
82]. So the effect of breastfeeding in reducing the occur-
rence, number, and severity of both URTI and LRTI has
an important impact on the evaluation of breastfeeding
effects on risk of asthma. Taking into account these
diverse effects of breastfeeding on respiratory infections
in early life, it is possible that the reduced risk for wheez-
ing illness in the first few years of life associated with
breastfeeding reflects a reduced risk for respiratory infec-
tion-associated wheezing (virus-associated wheezing ill-
ness). The reported positive association between
breastfeeding and asthma in later years must also be
interpreted with caution since it is not possible to exclude
the likely confounding issue of reverse causation.

Allergic rhinitis

Once again, the definitions of allergic rhinitis (AR) used
across the various studies were highly varied making
direct comparisons between studies difficult. We have
summarised the studies investigating the association
between breast feeding and allergic rhinitis in Table 4.
A meta-analysis of the effect of breastfeeding on the
development of AR found that overall, breastfeeding
had a non-significant protective effect on AR risk [83].
Contrary to what would be expected, in the subgroup
analysis of subjects with a family history of allergic
disease, no association between breastfeeding and AR
risk was found, but a significant protective effect was
instead observed in the subgroup without a family his-
tory. An important caveat of the studies included in the
meta-analysis is that none included clinical assessment
of subjects beyond 4 years of age. As the development
of allergic sensitization to inhaled allergens begins to
rise around 3 years of age and peaks during adoles-
cence [84], studies without follow-up into adolescence
may miss a substantial number of allergic rhinitis cases.
Therefore the finding of a lack of association between
breastfeeding and allergic rhinitis should be interpreted
with caution. Indeed, two more recent studies that
included more prolonged clinical follow-up of subjects
beyond childhood found that breastfeeding was associ-
ated with an increased risk of AR in adulthood [36] and
an increased risk of sensitization to inhaled allergens
(Cat, HDM, Grass, Alternaria) at 13 years [77]. This
increased risk of allergic rhinitis in later childhood and
adulthood is similar to the findings reported for asthma,
and could be confounded by the issue of reverse causa-
tion. These deficiencies emphasize the need to further
clarify the effects of breastfeeding on long-term allergic
disease outcomes.

What are the current clinical guidelines?

Effective strategies for prevention of allergic disease
remain elusive and interventions to reduce the risk of
allergic disease are limited. Current expert guidelines for
prevention of allergic disease recommend exclusive
breastfeeding for 4-6 months and the use of hydrolysed
cow’s milk formulas in place of standard formulas in
high-risk infants when breastfeeding is not possible dur-
ing the first 4-6 months of life. An extensive review of
current infant feeding guidelines (including breastfeed-
ing) in individual countries around the world has been
undertaken by Grimshaw et al., [85] and stratified by
government and peak specialty bodies which at times
are at variance with each other. The European Society
for Paediatric Allergology and Clinical Immunology
(ESPACI) and European Society for Paediatric Gastro-
enterology, Hepatology, and Nutrition (ESPGHAN)
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jointly recommended exclusive breastfeeding for 4
—6 months for prevention of food allergy [86]. Simi-
larly, the American Academy of Pediatrics [87, 88] and
Australasian Society of Clinical Immunology and
Allergy [89] guidelines recommend exclusive breast-
feeding for 4-6 months for the prevention of allergic
disease.

One practical consideration is that the above advice
for allergy prevention contradicts the WHO recommen-
dations for infant feeding which advocate exclusive
breastfeeding for at least 6 months for all infants. This
WHO advice is based upon the clear benefits of breast-
feeding on infant nutrition, hygiene, and infectious
disease risk in developing countries. Nevertheless, the
rate of exclusive breastfeeding in Africa, Asia, Latin
America, and the Caribbean in infants younger than
2 months is only 47-57% [90]. This percentage falls
further for infants aged between 2 and 5 months to
25-31%. In developed countries, the rate of breast feed-
ing is considerably higher at approximately 60-70% of
women commencing breast feeding [91, 92] but there is
still considerable drop off by 6 months with only 21%
of babies still being fed any breast milk [90, 93]. The
conflicting recommendations for allergy prevention and
infant feeding have caused confusion for those seeking
advice on allergy prevention, and further clarification
and resolution is required. Nevertheless, it is likely that
expert guidelines may need to be tailored to individual
regions as region specific factors such as prevalence of
breastfeeding and general living conditions will impact
upon recommendations for infant feeding. For example,
feeding guidelines in developing countries with high
rates of morbidity and mortality resulting from poor
sanitation and contaminated water, which prohibit the
safe use of formula feeding, may not be relevant to
developed countries where sanitation is high but
chronic immune-mediated diseases are prevalent.

Discussion

Breastfeeding in itself has a myriad of health benefits
for both the mother and child, and can be recom-
mended for these reasons. However, the current litera-
ture on breastfeeding and allergic disease, although
extensive, fails to provide a conclusive answer as to
whether or not breastfeeding confers a protective effect
against the development of allergic disease. Impor-
tantly, it should be recognized that all existing studies
suffer from significant methodological limitations such
as reverse causation, recall bias, and lack of standardi-
zation in their definitions of breastfeeding and allergic
disease outcomes. Interestingly, earlier studies were
more likely to reveal beneficial effects than more recent
studies. This may be due to the improved methodo-
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logical quality of more recent studies, which have
examined larger numbers of subjects and included
adjustment for confounders in data analysis, or because
conditions (for example in the environment) have chan-
ged to alter the impact of breast feeding on allergy. For
example, one may speculate that recent changes in diet
and intestinal microbiota associated with the Western
lifestyle may have lessened the impact of breastfeeding
on allergic disease in more recent studies, and future
studies addressing these issues are warranted. The vari-
ability of results obtained from different studies may
also relate to differences in study populations, since
variations in breast milk composition and genetic fac-
tors may influence the effects of breast milk on devel-
opment of allergic disease. Meta-analyses may miss an
important effect of breastfeeding in specific sub-groups
of individuals, however, the current literature does not
allow this to be examined

In summary, it is not possible to draw definitive
conclusions regarding the role of breastfeeding in the
prevention of allergic disease from the current litera-
ture due to the methodological limitations inherent in
these studies. Moreover, there are many factors that
may influence the potential tolerogenic effects of
breast milk such as maternal and infant diet, the
maternal microbiota, maternal exposure to food or air-
borne allergen at the time of breastfeeding, the timing
of introduction of foods during infancy, as well as the
composition of maternal breast milk (including levels
of immunomodulatory factors and allergens) which
have not been carefully assessed in previous studies.
Furthermore, research that takes into account possible
confounders and effect modifiers is needed to elucidate
the interacting contributions of these factors and to
clarify the conflicting findings of previous studies. In
addition, more detailed investigation of the factors in
breast milk that could exert immunomodulatory effects
is required to identify potential effect modifiers when
evaluating the role of breastfeeding in prevention of
allergic disease.
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