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A rise in both prevalence and public awareness of food allergy in
developed countries means that clinicians and researchers are
frequently asked to explain reasons for the increase in food allergy,
and families are eager to know whether they can take steps to
prevent food allergy in their children. In this review, we outline
leading theories on risk factors for early life food allergy. We
summarize the leading hypotheses to explain the increase in food
allergy as “the 5Ds”: dry skin, diet, dogs, dribble (sharedmicrobial
exposure), and vitamin D. We discuss currently available evidence
for these theories and how these can be translated into clinical
recommendations. With the exception of dietary intervention
studies, evidence for each of these theories is observational, and we
describe the implications of this for explaining risk to families.
Current infant feeding recommendations are that infants
should be introduced to solids around the age of 4 to 6 months
irrespective of family history risk and that allergenic solids do
not need to be avoided, either by infants at the time of solid
food introduction or by mothers whilst pregnant or lactating.
Additional potential strategies currently being explored
include optimization of early life skin barrier function through
a decrease in drying soaps and detergents and an increase in the
use of nonallergenic moisturizers. The investigation of the role
of microbiota and vitamin D is ongoing and cannot yet be
translated into clinical recommendations. � 2016 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2016;4:215-20)
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WHY IS FOOD ALLERGY ON THE RISE?

The rise in food allergy in developed countries is an intriguing
phenomenon that has captured the attention of both the medical
research community and the media. Although we need to be
circumspect about the extent to which it has risen and which
countries are most affected, there is little doubt that IgE-mediated
food allergy and anaphylaxis were rarely reported 50 years ago but
are now commonly described. The drivers for this modern-day
epidemic are poorly understood, and indeed it is not clear whether
this phenomenon is part of a second wave of allergy epidemic1

following on from the general rise in allergic disease that was
noted around theworld at the end of the 21st century orwhether the
new food allergy epidemic is due to a new set of unique factors.

The possibility remains that this second wave of allergy
epidemic has its roots in events that occurred when the parents of
current children were in utero, and we are witnessing the
expression of an epigenetic effect that has been transmitted
through to the next generation—through a heritable epigenetic
mechanism. Against this hypothesis is emerging evidence that
postnatal factors, which are both common and modifiable, are
associated with an increased risk of food allergy. If these factors
that we describe in detail below are found to be causal, they will
provide an important underpinning of new public health
guidelines. However, evidence of causality needs to be generated
through carefully controlled randomized trials or through eluci-
dation of biological mechanisms that point to plausibility of such
hypotheses, and as such there is currently insufficient data for
informed public health guidelines for several of these factors.

In the meantime, as allergy clinicians and researchers, we are
routinely asked whether food allergy is on the rise and why.
Families are eager to know whether there are factors under their
control that may have contributed to the development of food
allergy in their children. They are also keen to know what steps
they can take to prevent food allergy in subsequent children.
Below we outline the emerging evidence for risk factors of early
life food allergy. With the exception of the Learning Early about
Peanut Allergy study,2 evidence to date is primarily epidemio-
logical or ecological. As such a word of caution is required in
explaining risk to families. Careful adjustment for confounding is
central to good quality epidemiological studies. For instance,
families at high risk of allergic disease are more likely to breast-
feed because guidelines inform them that breastfeeding may be
protective. If researchers do not adjust their analysis for family
history risk of allergy (the real reason why offspring are likely to
be more allergic), it can appear that breastfeeding actually in-
creases the risk of allergic disease that is of course spurious. This
is called “reverse causation” and is one of the reasons why ran-
domized controlled trials (RCTs) are required to provide level 1
evidence that a factor is indeed a risk factor. Even with the best
intention, observational studies can be undermined by unmea-
sured confounders and as such clear high-quality data for a risk
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Abbreviations used

EAT- E
arly introduction of allergenic foods to induce tolerance in

infants

EHF- E
xtensively hydrolyzed formula

GINI- G
erman Infant Nutritional Intervention

PHF- P
artially hydrolyzed formula

RCT- R
andomized controlled trial
factor must be evident before recommendations are incorporated
into public health guidelines. With these qualifications in mind,
clinicians can still provide carefully framed information to indi-
vidual patients about emerging evidence and allow families to
decide for themselves whether to act on the information or not.

When asked by a curious member of the public why food
allergy is on the rise, we often find we have long-winded aca-
demic responses. So we have summarized our response to this
question with an overview of the emerging hypotheses in an
easily digestible way. This overview is not meant to be exhaustive
but provides information for consumers that helps to explain that
there is a rapidly emerging body of research attempting to
elucidate the cause of food allergy. It is not yet clear whether
there is one main hypothesis that accounts for the epidemic or
whether a number of factors act in concert. Alternatively, there
may be multiple pathways to disease.

In the next sections, we outline 5 current leading hypotheses
(dubbed the “5 Ds”: dry skin, diet, dogs, dribble, and vitamin D)
for the rise in food allergy and then conclude with an interesting
and perhaps illuminating observation that offspring of migrants
moving from developing to developed countries have the highest
risk of food allergy if the offspring are born in the developed
country. We conclude with some simple recommendations that
families might consider whilst waiting for level 1 evidence to
emerge to inform the construction of updated public health
guidelines.

DRY SKIN

Clinicians have recognized for many years a strong association
between eczema and food allergy. Not only are infants with
eczema 5 times more likely to develop IgE-mediated food allergy
but also more than half of those with moderately severe early-
onset eczema (defined as onset before age 3 months and
requiring treatment with topical corticosteroids) will develop
challenge-proven food allergy by age 1 year.3 This association led
researchers to investigate whether the filaggrin gene (which is
strongly associated with an increased risk of eczema) indepen-
dently increases the risk of food allergy. Although some studies
suggested that this is the case,4 others have found that the real
risk that filaggrin confers is probably an increased risk of food
sensitization rather than food allergy itself.5 The presence of a
filaggrin gene mutation does not appear to distinguish between
those who are sensitized to foods but clinically tolerant and those
who are both sensitized and allergic.

In 2008, Gideon Lack proposed a mechanism to explain the
role of skin barrier function in the development of food allergy
that he termed the “dual allergen hypothesis”—often now
referred to as the “Lack” hypothesis.6 The Lack hypothesis
proposes that allergic sensitization to foods may occur through
exposure to low doses of allergen through the skin because of
food allergens absorbed through a damaged skin barrier (such as
in eczema or presence of filaggrin loss-of-function mutations). A
second aspect of this hypothesis suggests that oral exposure to
these allergens through the consumption of allergenic foods early
in infancy can abrogate the development of sensitization and
instead result in the development of oral tolerance and preven-
tion of the development of food allergy. Mechanistic evidence
supporting this hypothesis comes from mouse models showing
that sensitization can be induced following the application of
allergen to damaged skin, and that this can be reduced by prior
high-dose oral allergen exposure.7 Further support of this hy-
pothesis comes from a recent study demonstrating that higher
exposure to environmental peanut antigens found in households
increases the risk of peanut allergy in children with either filag-
grin loss-of-function mutations8 or atopic dermatitis.9

Two exciting new studies were recently published that both
undertook RCTs of daily moisturizing from birth in an attempt
to reduce infantile eczema and potentially sensitization to foods.
The first demonstrated an impressive 50% reduction in eczema
but unfortunately did not examine the protective effect on the
development of food allergy.10 The second assessed both eczema
and egg sensitization, and although it also showed a decrease in
eczema prevalence in those applying topical moisturizers, it did
not appear to have the power to show a statistically significant
decrease in food sensitization.11 A number of larger trials are in
progress to pursue this concept and inform public health
guidelines.
DIET

Allergen exposure
The Lack hypothesis was first promulgated after the publica-

tion of a paper by Du Toit et al12 that found a 5-fold higher
prevalence of peanut allergy in Jewish children in the UK versus
Jewish children in Israel. Although the dietary history of children
in this observational study was not ascertained, the authors re-
ported a significant difference in dietary patterns between the 2
populations. At the time, it was common practice in Israel to
introduce a peanut snack (Bomba) as a weaning food into the
diet of infants around the age of 4 to 6 months. By contrast, UK
guidelines at the time recommended avoidance of peanut until
after the age of 3 years. Lack and colleagues2 subsequently
embarked on a large and ambitious RCT to formally assess
whether the early introduction of peanut prevented the devel-
opment of peanut allergy at age 5 years. The results of this
landmark trial were recently published and are the first level 1
evidence to show that the early introduction of peanut (between
4 and 11 months) is protective against peanut allergy in infants
who are at high risk (as defined by early-onset eczema or coex-
istent egg allergy).2 A note of caution has been sounded however,
as an earlier RCT by Palmer et al13 that assessed the role of the
early introduction of egg in a similar high-risk group of infants
was abandoned because of adverse events at study entry point
during egg challenges. This suggests that care needs to be taken
at the time of introduction in high-risk infants, and this senti-
ment is reflected in recently published interim international
consensus guidelines.14 These emerging trials add weight to
previous observational studies that delayed timing of introduc-
tion of egg,15 cow’s milk,16 and wheat17 is associated with an
increased risk of those respective food allergies. Of course, the
interplay between the timing of introduction of one allergenic
solid and another is difficult to tease out both observationally and
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in single allergen trials and so the results of trials such as EAT
(early introduction of allergenic foods to induce tolerance in
infants) that aim to introduce a variety of solids into an infant’s
diet as early as 3 months are eagerly awaited. In the meantime,
there is now strong consensus that delaying the introduction of
allergenic solids is unnecessary and may even be harmful. It
should be noted that the World Health Organization continues
to recommend introduction of solids after the age of 6 months
that is in contradistinction to expert body allergy guidelines.18

Consensus of infant feeding guidelines across different expert
bodies would be helpful to the consumer and ensure that fidelity
of the recommendation is maintained.

Diet quality and variety
In addition to allergen exposure, the nature and quality of an

infant’s diet may also play a role in food allergy development
with evidence that there have been substantial changes in dietary
patterns (both in mothers and their infants) over the period of
time that food allergy has risen. A recent prospective birth cohort
study of 856 children from rural areas in 5 European countries
(the Protection against Allergy: Study in Rural Environments
[PASTURE]/Mechanisms of Early Protective Exposures on Al-
lergy Development [EFRAIM] study) followed up to 6 years of
age reported that increased diversity of complimentary foods
introduced in the first year of life was associated with a reduced
risk of doctor diagnosed food allergy and food sensitization.19 A
second nested case-control study of 41 food allergic infants
(predominantly egg and milk allergic) and 82 controls within a
prospective longitudinal cohort using prospective food diaries
also found that dietary patterns in the first year of life consisting
of more fresh fruit and vegetables and home-prepared meals were
associated with less challenge-proven food allergy by the age of 2
years.20 There was no difference in the age that egg or milk was
introduced into the diet of infants with food allergy compared
with control infants in this study, suggesting that these differ-
ences might not be explained by timing exposure to these foods.
The findings from these 2 studies generate interesting hypothe-
ses, although the mechanisms for a protective effect, whether
through improved nutrient levels, differences in microbial di-
versity or microbial products related to higher dietary fiber
intake,21 or other mechanisms, are currently not clear. Further
studies including intervention trials will be required to confirm
and extend these findings.

Breastfeeding

Systematic analyses of observational studies on the protective
effect of breastfeeding have shown conflicting results, and many
of the studies included were conducted decades ago when food
allergy was uncommon and methods of assessment were
limited.22 An early review by Muraro et al23 including 15
observational and 14 intervention studies concluded that
breastfeeding for at least 4 months was associated with a reduced
cumulative risk of cow’s milk allergy in high-risk infants over the
first 18 months of age. None of these studies were either ran-
domized or prospective, and most systematic reviews since have
failed to find a specific beneficial effect on food allergy.24,25

Several more recent cohort studies suggested that extended
exclusive breastfeeding may increase the likelihood of sensitiza-
tion or food allergy26,27 in infants at high risk (reviewed in
Ref. 25). This may relate to the delayed timing of first com-
plementary foods rather than the effects of breast milk per se.
Alternatively, these more recent findings of increased risk of
breastfeeding may simply relate to reverse causation, whereby
infants already at high risk of food allergy are breastfed for longer
because of a perceived benefit for allergic disease and as a result
are spurious. In a recent systematic review and meta-analysis,28

there was no evidence that breastfeeding was protective against
food allergy. This was despite some evidence that breastfeeding is
protective for asthma in children and weaker evidence for a
protective effect for eczema up to 2 years of age and allergic
rhinitis up to 5 years of age. However, the interpretation of these
results should be treated with some caution because many of the
studies are low quality (partly because it is unethical to
randomize to breast feed or not and therefore RCTs are not
available) and there is a high level of heterogeneity across the
different studies.

Partially hydrolyzed formula
There has been significant interest in the use of modified

infant formulas—especially partially (PHF) and extensively hy-
drolyzed cow’s milk formula (EHF)—for prevention of early
childhood allergic disease. Intense expectations from families
with a history of allergy seeking readily available primary pre-
vention interventions have been responded to by industry with
the development of a range of “allergy prevention” formulae,
leading peak expert bodies to provide recommendations
regarding the use of formula for prevention of allergies. Current
infant feeding guidelines in Europe,29 the USA,30 and Australia
all recommended that hydrolyzed formula can be considered as
primary prevention therapy for allergic diseases. These guidelines
were informed by the conclusions of the Cochrane review, the
last update of which occurred in 2009, which supports the use of
hydrolyzed formula for the prevention of allergy especially in
high-risk infants who are unable to be completely breast fed.31

The authors themselves recommend further larger trials
because of the methodological concerns and inconsistency of the
findings of the studies included in the review. We have recently
demonstrated that the Cochrane review suffers from small-study
publication bias (scarcity of small negative studies),32 and thus is
likely to have overestimated the beneficial effect of PHF. The
findings of the Cochrane review were heavily influenced by the
reported benefits of PHF demonstrated by the largest study
included in the review, the German Infant Nutritional Inter-
vention (GINI) study, a double-blind randomized controlled
trial of 2252 infants with a family history of allergy allocated to
one of 4 formula types as a milk substitute for the first 4 months
of life, if breastfeeding was insufficient. An intention to treat
analysis did not demonstrate a difference in eczema up to age 3
years in infants fed partially hydrolyzed whey formula compared
with cow’s milk formula, although a per-protocol analysis sug-
gested a reduction in eczema in infants fed partially hydrolyzed
whey formula.33 It is important to note that intention to treat is
the preferred reporting analysis for RCTs. Since the last update
of this review, new evidence from a large intervention trial of
high-risk infants (the Melbourne Atopic Cohort Study) has
emerged challenging the effectiveness of PHF.34 Additionally,
although the results of the large GINI study up until the 6-year
follow-up were promising, subsequent results have shown little
evidence of an ongoing preventive effect between the ages of 7
and 10 years.35 These more recent findings have also not yet
been incorporated into the Cochrane review.31 Interestingly, the
most recent recommendations from GINI suggest that casein-
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predominant EHF might be expected to have a more profound
biological effect because the formula is more extensively modi-
fied.36 However, most guideline recommendations are based on
the fact that PHF is both cheaper and more palatable than EHF
and therefore should be considered in place of EHF. Addition-
ally, in some countries, EHF can only be medically prescribed,
which significantly increases costs to the health care system.

DRIBBLE AND DOGS (MICROBIAL EXPOSURES)
As described in the landmark paper by David Strachan in

1989,37 the traditional concept of the “hygiene hypothesis”
described a protective effect of an increasing number of siblings
in a household on the risk of developing allergic rhinitis. This
was thought to potentially relate to the shared exposure to
common childhood infections transmitted through direct contact
with older siblings or by maternal contact with her older children
prenatally. Although a protective sibling effect has been
confirmed for various food sensitization and allergy outcomes38

including in our own infant cohort study (Healthnuts),39 it is
by no means clear as to the underlying mechanism of this phe-
nomenon. Although a protective effect of siblings is interesting
and reproducible, changes to postwar houses and sanitation and
sizes of families as well as the emergence of national immuni-
zation programs with high uptakes moderate our interpretation
of the mechanisms underlying the protective effects of siblings.
However, sharing of microbiota between siblings may still
contribute to this protective effect. A potentially protective effect
of shared oral microbiota was suggested by a small study of 184
children in Sweden where children whose parents sucked on their
pacifier had both different oral microbiota and less eczema than
children whose parents did not suck on their pacifiers.40

Further evidence of a protective effect of dog ownership on
food allergy risk in Healthnuts39 may point to sharing of mi-
crobes or even parasites—the latter underpinning the “old friends
hypothesis” that is predicated on the teleological emergence of
the IgE antibody immune mechanism as primary protection
against parasite infestation.

In pursuit of therapeutic outcomes, a number of trials have
assessed the role of probiotics in allergy prevention following on
from the concept of the hygiene hypothesis and microbial
diversity. However, an overview review (a systematic review of
systematic reviews) concluded that there is currently insufficient
evidence that probiotics protect against food allergy.39

VITAMIN D
Ecological and epidemiological evidence suggest a potential

link between low vitamin D and food allergy risk. Prescriptions
of adrenaline autoinjectors and hypoallergenic formulas in chil-
dren are more common in regions further from the equator, and
these findings appear to be independent of longitude, physician
density, or socioeconomic status.41-44 Pediatric hospital admis-
sions and emergency department visits for food allergy events
appear to rise with distance from the equator and among children
born in autumn and winter, potentially reflecting lower vitamin
D exposure.45,46 In Australia, children residing in the south
(further from the equator) have twice the odds (95% CI 1.2, 5.0)
of peanut allergy at age 4 to 5 years and 3 times (95% CI 1.0,
9.0) the odds of egg allergy than those in the northern states.47

We recently described that infants with vitamin D insuffi-
ciency were 3 times more likely to have either peanut or egg
allergy, the odds increasing to 4-fold among those with 2 or more
food allergies. Furthermore, among food-sensitized infants, those
with vitamin D insufficiency were 6 times more likely to be food
allergic than tolerant.48 These effects were observed among in-
fants with Australian-born parents but not those with parents
born outside Australia. The investigation of genetic risk factors
may help to explain these differences in associations between
populations. Genetic polymorphisms contribute to the variation
in vitamin D binding protein levels, explaining almost 80% of
variation in levels. Binding protein levels in turn alter the bio-
logical availability of serum vitamin D, with lower levels
increasing the availability of serum vitamin D (25OHD3). We
also found that polymorphisms resulting in lower binding pro-
tein levels appeared to compensate for the adverse effects of low
serum vitamin D on food allergy risk,49 presumably by increasing
the ability to utilize available vitamin D.

As well as supporting a potentially causal link between vitamin
D and food allergy, these findings suggest that reference ranges to
define low levels of serum vitamin D with a detrimental effect on
food allergy risk may need to take into account differences in
binding protein level. It is also suggested that there may be a
need to consider stratification of risk factors by genetic risk—a
concept consistent with personalized or precision public health
guidelines.
EFFECT OF MIGRATION
We have recently noted an interesting and illuminating

ecological association. In Healthnuts, challenge-confirmed pea-
nut allergy was 3 times more common in infants with parents
born in East Asia compared with those with parents born in
Australia.50 Similar effects were seen for other food sensitizations
and food allergies and for eczema. The increased risk of allergic
disease in Australian-born infants of Asian-born parents appears
to have occurred in a single generation, with the prevalence of
reported allergic disease similar or even lower in Asian-born
parents themselves compared with Australian-born parents.
Furthermore, the increased risk of peanut allergy appeared to be
specific to infants of Asian parents and was not seen among in-
fants of parents born in the UK or Europe. We have confirmed
this finding in a separate cohort in Victoria and additionally
found that children born in Asia who subsequently migrate to
Australia in early life are protected against food allergy (Panjari
et al 2015, manuscript submitted). Migration is likely to be
associated with changes to all of the factors described above,
which in the context of a particular genetic background may
contribute to the high risk of food allergy in the Asian population
born in Australia. Earlier observations from the UK of an over-
representation of non-Caucasian children in pediatric allergy
clinics suggest that this migration effect may also be present
among children of Asian parents migrating to other developed
countries.51,52 In the National Health and Nutrition Examina-
tion Survey in the USA, children born in the USA to immigrant
parents had the highest risk of food sensitization, compared with
both children born in the USA to US-born parents and children
born outside the USA.52 Similar risk factors might apply in all of
these cases.

Migration to more developed countries may be associated with
changes to a number of potentially interrelated factors, including
humidity (with an impact on skin barrier function), microbial
exposure (hygiene hypothesis), dietary changes, and changes in
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latitude (vitamin D).53 These factors could act through a number
of mechanisms to increase the risk of food allergy. Genetic
polymorphisms more prevalent in the Asian population because
of selective pressures of the Asian environment might increase the
risk of allergy when these environmental factors are removed after
migration. Alternatively, transgenerational effects might be
involved, perhaps acting through epigenetic modifications.
Maternal environmental exposures in a less developed country
could affect the epigenetic signature of the offspring such that the
child growing up in a more developed country and lacking these
same exposures is at increased risk.

WHAT CAN WE TELL OUR FAMILIES?

(1) Emerging evidence suggests that optimization of early life
skin barrier function through a decrease in drying soaps and
detergents and an increase in the use of nonallergenic
moisturizers is a reasonable clinical recommendation.

(2) Current allergy recommendations are that infants should be
introduced to solids around the age of 4 to 6 months irre-
spective of family history risk and that allergenic solids do
not need to be avoided by infants when solids are introduced
or by mothers when breastfeeding or lactating30,54

(www.allergy.org.au—Australasian Society of Clinical
Immunology and Allergy infant feeding guidelines).

(3) It is universally agreed that human milk should be the first
and most important source of nutrition for the infant as it
contains a vast array of bioactive factors including hormones,
growth factors, neuropeptides, anti-inflammatory, and
immunomodulatory agents that influence many physiolog-
ical systems and promote normal gut colonization. Its role in
protection against food allergy risk remains unclear.

(4) The data suggest that recommendation of modified formula
as a prevention measure for allergic disease may be prema-
ture, with the results of an updated Cochrane review ex-
pected to further inform infant feeding guidelines.

(5) There is insufficient data that probiotics or prebiotics protect
against food allergy.

(6) At this point in time, there is insufficient evidence to support
the use of vitamin D either as a prevention or treatment for
food allergy.
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