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Purpose of review

To review recent developments on the inter-relationship between food allergy and

atopic eczema, with a particular focus on understanding the role of filaggrin gene

defects.

Recent findings

Filaggrin gene defects have recently been identified as a major risk factor for the

development of atopic eczema. These skin barrier defects increase the risk of early

onset, severe and persistent forms of atopic eczema. They also increase the risk of

allergic sensitization, and asthma and allergic rhinitis in those with co-existent eczema.

These skin barrier defects are also likely to increase the risk of food allergy.

Summary

Atopic dermatitis and food allergy are frequently herald conditions for other

manifestations of ‘the allergic march’. They commonly co-exist, particularly in those with

early onset, severe and persistent atopic eczema. Filaggrin gene defects substantially

increase the risk of atopic eczema. The increased skin permeability may increase the risk

of sensitization to food and other allergens, this pointing to the possible role of

cutaneous allergen avoidance in early life to prevent the onset of atopic eczema and

food allergy. Emerging evidence also indicates that oral exposure to potentially

allergenic foods may be important for inducing immunological tolerance.
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Introduction
Allergic diseases are now very common conditions glob-

ally, with recent data suggesting that these now affect up

to 50% of the pediatric population at some point in their

lives [1]. Allergic conditions frequently co-exist, with the

first manifestations of an allergic tendency typically

appearing in early life. A number of disease trajectories

for this so-called ‘allergic march’ have been described,

but a consistent finding from these epidemiological

investigations is that food allergy and atopic eczema

are amongst the earliest manifestations of allergic disease

[2,3].

The association between atopic eczema and food allergy

has long been recognized as a complex subject with

sometimes contrasting perspectives among clinicians,

patients and families [4�]. Contributing to this lack of

agreement is the fact that food allergy appears to be an

important factor in only a subset of children (and a much

smaller subset of adults) with atopic eczema, that non-

IgE-mediated mechanisms are sometimes implicated in

the atopic eczema flare-ups associated with ingestion of

the foods in question, and that food allergy appears to
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have little or no role in children with nonatopic eczema

[5,6�,7].

There has, in the last few years, been renewed interest

in the inter-relationship between atopic eczema and

food allergy. The identification of the loss-of-function

mutations in the gene encoding filaggrin (FLG) as a

possible causal mechanism for the development of

atopic eczema [8] has triggered this interest.

These gene defects result in increased permeability

of the skin to proteins, this possibly representing a key

mechanism through which they are associated with

increased risk of allergic sensitization. Cutaneous

exposure to food allergens in those with FLG gene

defects may thus represent an important route for

the development of food allergy in such predisposed

individuals.

The article aims to review evidence on the inter-relation-

ship between food allergy and atopic eczema, with a

particular focus on new insights emerging on the import-

ant role of genetic skin barrier defects. In this article,

we use the term food allergy to refer to IgE-mediated

reactions, and atopic eczema to refer to the subset of
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2 Food allergy
those with eczema (synonym dermatitis) in whom sen-

sitization is either proven or likely [9].
Epidemiology
The prevalence of food allergy and atopic eczema has

increased in recent decades – particularly in the Western

world – where these conditions are now common [10–

12]. Both conditions most commonly first manifest in

early childhood, this together with familial clustering,

pointing to the importance of genetic factors [13]. There

are, however, very significant international variations in

the prevalence of eczema, with estimates ranging from

approximately 2% of children in China and Iran to

prevalence rates in Western Europe, Australia and the

US that are in the region of 15–20% [14,15], this pointing

to the additional importance of environmental factors in

its cause. The international epidemiology of food allergy

is less well characterized, but the limited data available

also point to substantial international variations in risk

[16]; further support for the importance of environmental

factors also comes from within country secular disease

trends, which have demonstrated substantial increases in

food allergy over a short time-span [17], so this cannot be

explained by genetic drift.

Allergic diseases frequently co-exist, this having been

demonstrated in a range of epidemiological studies and

by a wealth of clinical experience [3]. The co-prevalence

of atopic eczema and food allergy has been estimated at

35–40% of children, this largely being based on esti-

mates derived from specialist settings in which those

with early onset, more severe and persistent forms of

atopic eczema are generally managed [4�,7]. For

example, a recent international cohort study of 2222

infants aged 11.5–22.5 months with atopic eczema found

that 64% of those in whom the condition developed

before 3 months of age had high-risk IgE-mediated food

sensitivity to egg and/or cow’s milk and/or peanut [18]. In

the children in whom the atopic eczema developed

before 12 months of age, the frequency of high-risk

IgE-mediated food sensitivity increased with increasing

disease severity. These effects were, however, lost in

children whose eczema developed after 12 months of

age. The actual population-based prevalence of food

allergy in patients with the typical relatively mild dry-

ness of skin managed in primary care settings is likely to

be substantially lower than this.

Another key point that needs to be borne in mind

when interpreting these data is that both atopic eczema

and food allergy are, in the majority of individuals,

transitory conditions that improve with increasing age

[19]. Food allergy is thus only a consideration in a very

small minority of adult patients with atopic eczema

[5].
opyright © Lippincott Williams & Wilkins. Unautho
The emerging role of filaggrin
Loss-of-function mutations in the gene encoding FLG

have recently been identified as a strong genetic risk

factor for atopic eczema and eczema-associated allergic

airway disease [8,20]. This original finding has triggered a

flurry of genetic epidemiological studies such that these

results have now been replicated in a number of popu-

lations internationally. These studies are discussed

briefly below, but are reviewed in detail elsewhere [21��].

The epidermal barrier plays a crucial role in protecting

the body against infection and other exogenous insults

through both minimizing trans-epidermal water loss and

conferring immunological protection. Adequate function-

ing of the skin barrier is dependant on the FLG-based

keratin cytoskeleton, intracellular lipids and epidermal

proteases [20,21��,22]. This defect in barrier functioning

predisposes such individuals to dryness of the skin, which

results in the characteristic features of scaly, itchy skin,

and also increased permeability of the skin to exogenous

proteins resulting in increased risk of infection and

possibly exposure of the innate immune system to aller-

gens [22].

The FLG gene resides on human chromosome 1q21,

within the epidermal differentiation complex [20]. FLG

mutations affect some 12–15% of the general population,

the R501X and 2282del4 being the most common

mutations, although a number of other mutations are also

now recognized.

A recent systematic review [21��] and meta-analysis of

genetic epidemiological studies found that FLG gene

defects are associated with a substantial increased risk of

atopic eczema – odds ratio (OR) 1.99 [95% confidence

interval (CI) 1.72–2.31] in the family studies and 4.78

(3.31–6.92) in the case control studies. The reviewers

also found that the risk of early onset and severe, per-

sistent eczema was substantially increased in those with

FLG mutations.

An interesting observation was that risk of both asthma

and allergic rhinitis was only increased in the subset of

individuals with a prior history of atopic eczema, but

not in those who did not have a history of atopic eczema,

this suggesting a possible causal relationship between

FLG status, development of eczema and progression to

subsequent allergic airway disease [21��]. More interest-

ing still was the finding that the risk of allergic sensitiz-

ation was substantially increased in those who were

FLG-deficient – OR 1.91 (95% CI 1.44–2.54) in the

family studies and 1.57 (1.20 to 2.07) in the case-control

studies, this suggesting a possible causal mechanism for

the development of the allergic march, and offering

potential new opportunities for prevention [22].
rized reproduction of this article is prohibited.
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Although this systematic review failed to identify any

studies investigating the role of FLG gene defects in food

allergy or other systemic allergic disorders [21��], there is

work now underway both in the UK and elsewhere

aiming to plug this evidence gap.

An important up-shot of this flurry of genetic epidemio-

logical work is the suggestion that cutaneous exposure to

allergens in early life in those with barrier skin defects

appears to increase the risk of trans-cutaneous allergic

sensitization and the subsequent risk of developing ato-

pic eczema and related allergic airway disease. This

conclusion is supported by the findings from a recent

cohort study [23��], which found that in infants with

atopic eczema and sensitization to food allergens within

the first 3 years of life, the presence of a FLG loss-of-

function mutation predicts the future development of

asthma with a positive predictive value of 100%. The

high positive predictive value was attributed to an inter-

action between the FLG-null alleles and sensitization to

food allergens, which substantially increased the risk of

disease progression from eczema to asthma.

Although FLG clearly appears to be important, it should

be borne in mind that up to 50% of those with FLG gene

defects do not develop atopic eczema and that, even in

those with the gene defects, the majority of individuals

will outgrow their eczema, this pointing to the role of a

range of other as yet poorly understood genetic and

environmental influences [24].
Clinical considerations
Food allergy is commonly implicated in eczema, particu-

larly in children, and on this basis avoidance measures are

sometimes initiated either by parents or on the advice of

physicians. A Cochrane review has found that blanket

avoidance of possible food allergens does not, however,

translate into clinical benefits – suggestions of improve-

ments in eczema outcomes were only found in the trials

that excluded food allergens on the basis of proven sen-

sitivities as determined by the results of objective allergy

tests [25].

In those with suspected food allergy which is thought to

be aggravating eczema, it is therefore important that any

food avoidance measures suggested are based on a

detailed history and supportive evidence from objective

allergy tests. Key here is the role of skin prick testing,

measure of specific IgE and in cases of diagnostic doubt,

oral food challenge. Patch testing may have a role in those

in whom delayed cell-mediated hypersensitivity reac-

tions are thought to be implicated. Occasionally, a trial

of dietary elimination may be needed in those with

diagnostic uncertainty, but it is important that this is

carefully supervised because of the risk of nutritional
opyright © Lippincott Williams & Wilkins. Unauth
deficiencies, particularly if calcium-rich foods are avoided

[26].

The hygiene hypothesis suggests that exposure to Th1

promoting microbial organisms should result in a shift in

immunological balance that improves allergic disease

outcomes [27]. As a result there has been interest in

investigating the role of probiotics in the management of

atopic eczema. These trials have, however, overall proven

unsuccessful [28]. As a result there is currently no place

for probiotics in the clinical management of atopic

eczema. The role of prebiotic containing foods in the

management of atopic eczema has yet to be studied [29].

There has also been substantial recent interest in the role

of oral desensitization in patients with food allergy [30–

32], this now also beginning to be studied in randomized

controlled trials [33–34]. This small, but rapidly accruing

body of evidence suggests that in those with serious IgE-

mediated food allergy, tolerance induction can be

induced in many patients with milk, egg and peanut

allergy, and possibly also other food allergens. Oral

desensitization therapy is, however, not without risk –

particularly if patients have intercurrent illness or if

treatment doses are missed. Despite these early encoura-

ging results, this remains at present an experimental

treatment strategy and should only be instituted in the

context of clinical studies.
Implications for prevention
There has been interest in the role of allergen avoid-

ance as a primary prevention approach for atopic

eczema and other allergic conditions for many years,

but most trials of allergen avoidance have proven

unsuccessful. The one real exception to this remains

the Isle of Wight trial [35] in which both house dust

mite and a range of potentially allergenic foods were

avoided, from birth until 9 months of age in high-risk

infants. This found that this time-limited intervention

substantially reduced the risk of allergic sensitization

and atopic eczema, this benefit persisting until at least

8 years of age [36].

The comprehensive nature of the allergen avoidance, it

has been suggested, was the critical factor in determining

the success of the intervention. Supporting evidence

comes from a recent systematic review and meta-analysis

[37] comparing the effectiveness of mono-faceted vs.

multifaceted allergen avoidance measures for pre-

vention, which found that multifaceted measures were

significantly more effective in the prevention of asthma.

There may thus be a role for comprehensive food and

aero-allergen avoidance measures to prevent allergic

sensitization, atopic eczema and subsequent manifes-

tations of allergy, but the intervention used in the Isle
orized reproduction of this article is prohibited.
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of Wight study is challenging to implement and this

study therefore needs to be replicated before any

decision on routine implementation of this approach

can be advocated. There is also a need to investigate

whether the allergen avoidance approach might prove

particularly differentially effective depending on FLG

status.

The lack of supporting evidence with respect to mono-

faceted allergen avoidance measures has contributed to a

recent reversal in policy advice in several countries with

respect to the avoidance of peanuts in pregnancy and

early life in an attempt to prevent peanut allergy [38,39].

Also contributing to this reappraisal has been the finding

from epidemiological work showing that peanut allergy

was some 10 times less common in Jewish populations

living in Israel where regular exposure to peanut-contain-

ing foods in early life is the norm compared with Jewish-

origin populations in the UK where peanut ingestion is

far less common [16]. This has led to the suggestion that

oral exposure to food allergens may be important to

induce oral tolerance to foods [38,39]. There is currently

a trial [40] underway seeking formally to compare early

exposure to peanut-containing foods with delayed intro-

duction to see if this reduces the risk of peanut allergy;

this is expected to report in 2013.
opyright © Lippincott Williams & Wilkins. Unautho

Figure 1 Lack’s dual-allergen-exposure hypothesis for pathogenes

(Reprinted from J Allergy Clin Immunol 121, Lack G. Epidemiologic risks fo
Nondietary routes of exposure to peanut such as through

the skin or via inhalation may also be important in the

development of sensitization and allergy. An important

study investigating the Avon Longitudinal Study of

Parents and Children (ALSPAC) birth cohort, for

example, found that using peanut oil-containing skin

creams on inflamed skin in young children was associated

with an increased risk of sensitizing children to peanuts

[41]. This risk is possibly heightened in those with

underlying FLG gene defects [21��] and these peanut

oil-containing creams should therefore be avoided in

children with an atopic family history and/or a personal

history of atopic eczema.
Conclusion
There have been parallel increases in the prevalence of

food allergy and atopic eczema in recent years, this

suggesting that common environmental factors are

important to the cause of these herald conditions in

the allergic march. The search for these environmental

factors has hence understandably been the focus of a

considerable body of research in recent decades. The

finding that FLG gene defects substantially increase

the risk of allergic sensitization, atopic eczema and

other allergic disease outcomes has, however, rekindled
rized reproduction of this article is prohibited.
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interest in genetic considerations, this body of work

suggesting that in a substantial minority of sufferers this

barrier defect may be of fundamental importance in the

causal pathway. Work internationally is seeking to exploit

this new insight in terms of both developing new treat-

ments and preventive strategies. Particularly important in

this respect is whether repeated oral exposure to aller-

genic foods can result in the development of immune

tolerance and assessing whether cutaneous avoidance of

potential food allergens in early life – particularly in those

with FLG gene defects – may reduce the risk of sensit-

ization and clinical manifestations of food allergy, atopic

eczema and other allergic problems (see Fig. 1) [42].
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