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Abstract

Atopic dermatitis (AD) has become a significant public health problem because

of increasing prevalence, together with increasing evidence that it may progress to

other allergic phenotypes. While it is now acknowledged that AD commonly pre-

cedes other allergic diseases, a link termed ‘the atopic march’, debate continues as

to whether this represents a causal relationship. An alternative hypothesis is that

this association may be related to confounding by familial factors or phenotypes

that comanifest, such as early-life wheeze and sensitization. However, there is

increasing evidence from longitudinal studies suggesting that the association

between AD and other allergies is independent of confounding by comanifest

allergic phenotypes. The hypotheses on plausible biological mechanisms for the

atopic march focus on defective skin barrier function and overexpression of

inflammatory mediators released by the skin affected by AD (including thymic

stromal lymphopoietin). Both human and animal studies have provided evidence

supporting these potential biological mechanisms. Evidence from prevention trials

is now critical to establishing a causal nature of the atopic march. An emerging

area of research is investigation into environmental modifiers of the atopic march.

Such information will assist in identifying secondary prevention strategies to

arrest the atopic march. Despite much research into the aetiology of allergies,

little progress has been made in identifying effective strategies to reduce the

burden of allergic conditions. In this context, the atopic march remains a

promising area of investigation.

Atopic dermatitis (AD) is a chronic inflammatory skin

disorder that can impair quality of life, both through its

symptoms and through secondary infections (1). Since the

latter part of the last century, AD has increased (1, 2) and

has become a significant clinical problem due to its preva-

lence, particularly in infants and young children. Over recent

years, the focus on AD as a public health problem has inten-

sified with the recognition that it is associated with an

increased risk of developing food allergy, asthma and allergic

rhinitis and that these associations may be causal. The term

‘atopic march’ is often used to describe this progression from

AD to other allergic diseases.

The atopic march has been defined as the natural history

of atopic manifestations, characterized by a typical sequence

of atopic disease in childhood, generally with AD in infancy

or early childhood predating the development of other aller-

gic disorders later in childhood. Recent evidence suggests

that the atopic march does not always follow this classic

sequence, as, for example, some patients with asthma subse-

quently develop AD (3). Furthermore, it has been shown that

the atopic march can occur at any age (4), not just in child-

hood. However, multiple longitudinal studies have provided

evidence supporting the atopic march between AD and

subsequent allergies (4–10) as well as the inter-relationships

between subsequent allergic manifestations (11–13). It has

been estimated that approximately one-third of patients

with AD develop asthma and two-thirds develop allergic

rhinitis (14, 15). No data are available on what proportion of

patients with AD develop food allergy, although it is

acknowledged that AD and food allergy co-associate (16).

The common thread linking these allergic disorders is atopy,

the predisposition for immunoglobulin E (IgE)-mediated

responses to environmental stimuli (17).

While it is generally accepted that the atopic march is a

real phenomenon, debate continues around whether the

atopic march:
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1. represents a causal relationship,

2. occurs due to comanifestation of early-life sensitization

and wheeze with early-life eczema,

3. is due to eczema and asthma having shared genetic or

environmental risk factors.

The aim of this review is to evaluate the evidence for the

paradigm of the atopic march and to clarify the probable

nature of these progressions, and implications for clinical

care and future research.

Nomenclature and definitions in AD

A clear, consistent definition of AD is critical when evaluating

the evidence for the atopic march, but a lack of clarity in the

meaning of the term AD has hampered communication among

researchers. A position statement published by the European

Academy of Allergology and Clinical Immunology (EAACI)

(18) suggested a definition of atopy – ‘Atopy is a personal or

familial tendency to produce IgE antibodies in response to low

doses of allergens, usually proteins, and to develop typical

symptoms of asthma, rhinoconjunctivitis or eczema/dermati-

tis’. The authors also suggested ‘atopic eczema/dermatitis

syndrome’ as an alternative term to describe what was then

commonly referred to as ‘atopic eczema/dermatitis’ (18). In

2003, the Nomenclature Review Committee of the World

Allergy Organization (WAO) updated the EAACI 2001 posi-

tion statement (19) and suggested that the term ‘eczema’

should replace the provisional term ‘atopic eczema/dermatitis

syndrome’. The update further suggested that ‘eczema’ could

be subclassified as ‘atopic eczema’ and ‘nonatopic eczema’

according to the presence or absence of IgE antibodies.

Commonly cited criteria used to define eczema/AD include

those of Hanifin and Rajka, the UK Working Party and the

European Task Force (20–23). These criteria have generally

been developed for identifying eczema in older children and

adults. Defining eczema in infants is particularly difficult, as

infants suffer from transitory rashes that can resemble

eczema and young children often lack the ability to describe

the rash as pruritic, thus requiring either subjective interpre-

tation of the child’s behaviour as ‘scratching’. Currently,

there are no validated measures for identifying eczema in

infancy.

For this review, we have considered the terms ‘atopic der-

matitis’ and ‘eczema’ to be synonymous. When evaluating

the evidence, we have used the exact terminology (atopic der-

matitis or eczema) used by study authors, while reporting as

far as possible the exact criteria used by them to define these

terms. In keeping with the classification proposed by Johans-

son et al. (19) and where such extra information was avail-

able, we have further divided AD or eczema into disorders

associated with or not associated with IgE sensitization.

Is the atopic march causal?

The establishment of a causal relationship requires evidence

from prospective studies consistent with the Bradford Hill crite-

ria (24) including an unconfounded temporal relationship,

biological plausibility and evidence from randomized

controlled trials that an effective intervention for eczema

reduced subsequent allergies (25). We have evaluated evidence

on these aspects while discussing alternative views of this asso-

ciation.

Some argue that AD is not causal in the atopic march, but

simply the first clinical manifestation of the IgE response

with phenotypes such as asthma and allergic rhinitis appear-

ing as the maturing immune system is exposed to risk factors

for expression of those diseases. This is supported by the fact

that the allergic phenotypes generally appear as the immune

system matures in the first decade of life, although eczema

can occur within a few weeks of birth. However, the observa-

tion that the atopic march can span childhood to middle age

(4, 26) counteracts the notion that allergic phenotypes appear

simply as a result of maturation of the immune system

during childhood.

Another suggested explanation advanced for the associa-

tions seen in the atopic march is familial confounding. Child-

hood allergic disorders and infantile AD are strongly familial

and commonly co-aggregate in siblings, perhaps due to

shared genetics and environment exposures. However, we

have recently shown that the association between infantile

eczema and hay fever is unlikely to be completely explained

by familial confounding (27).

Longitudinal observational studies and the atopic

march

Given the sequential nature of the atopic march, only pro-

spective longitudinal studies can evaluate the evidence in a

robust manner, free from recall bias. Longitudinal epidemio-

logical evidence on the atopic march has been emerging over

recent decades.

To identify the longitudinal studies that investigated the

march from eczema to other allergic diseases, we searched

MEDLINE from 1950 to 2013 using the following key words:

(((MeSH Heading: exp = (Eczema) OR MeSH Head-

ing = (Dermatitis Atopic)) OR Topic = (“atopic eczema”))

OR Topic = (‘atopic march’)) OR Topic = (‘allerg* march’)

AND MeSH Heading:exp = (Cohort Studies) OR MeSH

Heading: exp = (Longitudinal Studies). Figure 1 outlines the

full search strategy and its results. The original MEDLINE

search returned 1790 manuscripts, which was limited to 1437

by inclusion of only English language journal articles, focus-

ing on human studies and excluding reviews. The titles and

abstracts of the 1437 articles were then screened to identify

longitudinal studies of either population-based cohorts or

high-risk cohorts, which investigated the atopic march from

eczema (or atopic dermatitis) to other allergic diseases

(asthma, rhinitis or food allergy) and reported measures of

associations (odds ratios, relative risks or hazard ratios).

These screening criteria identified 41 studies of which the full

articles were screened, identifying 17 studies as relevant.

The 17 relevant papers are summarized in Table 1. Four-

teen of the included studies are population-based, while three

are high-risk cohorts. Substantial methodological differences

across the included studies limited the ability to pool study

results. The definitions of eczema/atopic dermatitis used
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across the studies were substantially different, making the

comparison of findings difficult. Different confounders were

included in adjusted models between studies, and not all

studies presented adjusted risk estimates. However, all but

one study found at least one statistically significant associa-

tion between early-onset eczema and subsequent allergic dis-

eases. A number of key papers are discussed in detail below.

As per our search, the first unselected birth cohort study

to show an association between early eczema and subsequent

asthma was a New Zealand Birth cohort study. It showed

that eczema in the first year of life is related to asthma at age

6 years both in girls and boys (28). Since then, multiple birth

cohort studies have investigated the march from eczema to

other allergic diseases. The Tucson Children’s Respiratory

Study, of an unselected birth cohort, showed that eczema at

the age of 1.5 years was associated with persistent wheezing

at age 6 years (OR 2.4; 95% CI 1.3–4.6) (5). Similarly, a

whole population-based birth cohort study from the Isle of

Wight showed that eczema at age 4 years increased the risk

of asthma at age 10 years (OR 2.15; 95% CI 1.24–3.73) (6).
While these studies provide evidence supporting the atopic

march, the German Multi-Centre Allergy Study (MAS), pub-

lished almost a decade after the Tucson Children’s Respira-

tory Study, contradicted these findings.

The MAS followed a birth cohort, enriched by children

with a family history of allergy, and showed that eczema in

the first 2 years of life was associated with an increased risk

of current wheeze at age 7 (OR 1.93; 95% CI 1.22–3.06).
However, Illi et al. (29) claimed no evidence for an associa-

tion between eczema and asthma at age 7 years once they

adjusted for early wheeze and early-life sensitization (OR

1.46; 95% CI 0.73–2.90). The authors argued that eczema

was not an independent risk factor for subsequent asthma

and attributed the association to confounding by early

wheeze and sensitization comanifested with early-life eczema.

When analysed in the same way as MAS, a study of chil-

dren with a family history of allergy, Melbourne Atopic

Cohort Study (MACS), showed a similar pattern (7): Eczema

in the first 2 years of life was associated with an increased

risk of asthma at age 6–7 years (OR 2.02; 95% CI 1.33–
3.07), but adjustment for early-life wheeze and sensitization

made this association not statistically significant (OR 1.45;

95% CI 0.92–2.31). However, further analysis revealed that

early-life eczema remained associated with an increased risk

of childhood asthma, when adjusted only for early-life

wheeze (OR 1.83; 95% CI 1.17–2.85), suggesting that the

major cause of ‘confounding’ was sensitization. The results

from this study also showed that, independent of both

wheeze and sensitization, AD within the first 2 years of life

was associated with an increased risk of childhood asthma in

boys (OR 2.45 95% CI, 1.31–4.46), but not girls (7).
It remains highly contentious whether sensitization should

be considered a confounder between early-life eczema and

risk of other forms of allergic disease. It has been demon-

strated that eczema may precede and increase the risk of

subsequent sensitization, which in turn increases the risk of

asthma, as discussed in the next section. Hence, sensitization

that followed eczema is likely to be a step on the biological

pathway between eczema and asthma but not a confounder.

Adjusting for early-life sensitization without considering the

temporal sequence of sensitization and eczema will underesti-

mate the effect of eczema on asthma.

Relevant
= 41

Not relevant
= 1396

Search results after refining for – journal  
articles only, language (only english language 

articles), human studies and excluding 
reviews.

Included in the 
review

= 17

Other
= 4

Quantitative 
estimates not 

reported as OR or 
RR = 2

At the baseline all 
had wheeze = 3

At the baseline all 
had eczema = 9
At the baseline all 
had asthma = 1

Eczema + 
asthma/food 

allergy/sensitiz-
ation →

progression to 
other allergic 
diseases = 3

Total search 
results 
= 1,790

Excluded
= 24

Progression of 
eczema to 
sensitization
= 2

Figure 1 Summary of literature search and manuscript inclusion/exclusion.
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The interest raised by the ‘comanifestation’ argument by

MAS prompted a systematic review and meta-analysis of the

evidence on the atopic march (14). This review included the

four population-based cohort studies (5, 6, 29, 30) that

achieved an 80% follow-up and confirmed young children

with AD are at elevated risk of developing asthma (pooled

OR 2.14; 95% CI 1.76–2.75).
Three recently published longitudinal studies have con-

firmed previous findings that a march from AD to other

allergic disorders is evident in both general populations and

high-risk children.

The Prevention of Allergy among Children in Trondheim

(PACT) Study of an unselected cohort showed that eczema by

the age of 2 years was associated with an increased risk of

developing asthma at age 6 years (OR 1.80; 95% CI 1.10–2.96)
(8). Similarly, the Swedish Dampness in Buildings and Health

(DBH) Study found that early childhood eczema was strongly

associated with the development of both asthma (OR 3.07;

95% CI 1.79–5.27) and rhinitis (OR 2.63; 95% CI 1.85–3.73)
(9). This study also found that those with early-onset eczema,

moderate to severe eczema and persistent eczema had the high-

est odds of developing asthma and rhinitis.

While confirming the atopic march in high-risk children

from age 2 to 7 years, Carlsten et al. (10) also showed that only

early-onset persistent eczema was associated with all atopy-

related phenotypes. Early-onset persistent eczema was associ-

ated with paediatric allergist diagnosed asthma (OR 7.48; 95%

CI 2.53–22.2), allergic rhinitis (OR 3.47; 95% CI 1.34–8.99)
and food allergy (OR 13.4; 95% CI 2.94–61.4). This study was

the first to provide clear evidence of an atopic march from AD

to food allergy, while there was some prior evidence of chal-

lenge-proven cow’s milk allergy being one of the earliest steps

in the atopic march towards airway inflammation and asthma

(31).

Interestingly, although multiple studies have investigated

the atopic march during childhood, few have focused on an

atopic march from childhood to adulthood. The Tucson

Children’s Respiratory Study followed up nearly 600 of their

initial participants at age 22 years (32). Eczema before the

age of 2 years was not associated with newly diagnosed

asthma between ages 2 and 16. In contrast, using data from

the Tasmanian Longitudinal Health Study (TAHS), we have

shown that both childhood eczema and rhinitis were associ-

ated with asthma incidence in adolescence, early adulthood

and through to age 44 years (4, 11). The rate ratio for any

incident asthma after age 7 years, given eczema by age seven,

was 2.0 (95% CI 1.6–2.4). TAHS has also shown that child-

hood eczema increased the risk of new-onset atopic asthma

(OR 4.1 95% CI 1.9–8.8), but not nonatopic asthma. The lat-

ter findings suggested that refinement of asthma phenotypes

could increase the ability to detect the atopic march (26).

Overall, the weight of evidence favours the hypothesis that

AD may lead to asthma and allergic rhinitis, but further

investigation of the role of AD in the development of food

allergy is needed. While available evidence does not support

AD as a cause of subsequent allergic disorders, we discuss

below some hypotheses that have been explored in the litera-

ture as possible biological mechanisms that could explain a

causal link.

Potential biological mechanisms in the atopic march

Despite the popularity of the atopic march hypothesis, the

mechanisms that might underlie the progression of the atopic

march have not yet been elucidated. Mechanisms and biolog-

ical pathways proposed to date are illustrated in Fig. 2

[reproduced with permission from Burgess et al. (25) and

modified to incorporate recent evidence] and discussed below.

One current hypothesis on potential biological mechanisms

for the atopic march revolves around defective skin barrier

function, a hallmark of AD. This defective skin barrier is

thought to allow both epidermal water loss and penetration

by high molecular weight structures such as allergens, bacte-

ria and viruses (33).

Epicutaneous 
sensitization 

Childhood  
eczema 

Th2 memory cells  
migrate to nasal  

and bronchial  
lymphoid tissue 

Allergen  
re-exposure  

Asthma 
and/or 
allergic 
rhinitis  

Environmental 
risk factors- 

 
(e.g. infection, 
sensitization)  

Allergen 
entry 

Sensitized 
airways  and 

airway 
inflammation 

Genetic 
predisposition- 
(e.g. Filaggrin 

null mutations) 

Defective 
skin 

barrier 

Overexpression 
of TLSP 

Trauma, 
microbial 

entry 

Environmental modifiers of the atopic march  
(e.g. day care, animal exposure)  

Figure 2 A proposed pathway to explain the atopic march from

childhood eczema and the development of asthma and allergic rhinitis

[we have reproduced our previously published diagram with permis-

sion from Journal of Asthma (25) and modified it to incorporate recent

evidence].
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One explanation for the increased risk of subsequent aller-

gies with defective skin barrier function in AD is that sensiti-

zation to allergens may occur via the defective skin barrier,

initiating the atopic march (33). It has been proposed that

allergen penetration can lead to transcutaneous sensitization.

Some key longitudinal studies have highlighted that IgE

sensitization to environmental allergens in eczema is an impor-

tant factor in progression into asthma. The placebo arm of a

randomized controlled trial of children with AD symptoms

and a family history of allergy found a significantly higher risk

of developing asthma in those sensitized at baseline to egg

(RR, 1.4; 95% CI, 1.1–1.7), house dust mite (RR 1.6; 95% CI

1.3–1.9), or grass pollen (RR 1.7; 95% CI, 1.4–2.1) (34). In

cohort studies, the presence of early food sensitization in

infants with early eczema increased the risk for later asthma

(35, 36). These findings suggest that IgE-associated AD is a

more precise initial step of the atopic march.

Defects in skin barrier function are also associated with

systemic responses such as increased total IgE and airway

hyper-reactivity, possibly due to subsequent sensitization. In

children, AD seems to be associated with airway inflamma-

tion even in the absence of asthma (37). Skin sensitization

precedes airway sensitization to the same allergen (38) and

is one of the strongest predictors for the development of

childhood asthma and allergic rhinitis (39). Together, these

findings suggest that interventions to improve barrier func-

tion, which is likely to minimize ingress of allergens, could

be an important measure to control the onset of the atopic

march.

While there has been much interest in the defective skin bar-

rier as the link between AD and subsequent allergies, some

studies suggest that keratinocyte-produced thymic stromal

lymphopoietin (TSLP) may also link AD and asthma. Chronic

skin lesions in AD express TSLP, an interleukin 7-like cytokine

released due to trauma, various microbes and inflammation, in

turn initiating or exacerbating allergic inflammation (40).

Human studies have shown that overexpression of TSLP in

skin is associated with both atopic and nonatopic AD (41).

Mouse models have shown that a significant elevation of serum

TSLP triggers bronchial hyper-responsiveness to inhaled aller-

gens in the absence of epicutaneous allergen sensitization (42).

These findings suggest that the link between overexpression of

TSLP in the AD skin and other allergic disorders could be

independent of the skin barrier defect.

Can we prevent or arrest the atopic march?

If the atopic march is causal, research into preventing its

onset as well as arresting it will have significant public health

implications. There are two possible points of intervention

that may reduce the incidence of asthma and allergic rhinitis:

(i) primary prevention, where an intervention is introduced

prior to the child developing eczema, which prevents both

the onset of AD and the development of subsequent allergies;

and (ii) secondary prevention, where an intervention is

applied after a child has developed AD but is yet to develop

other allergic disorders. The key evidence on each of these

interventions is summarized below.

Primary prevention

While there has been a long history of general intervention

studies aimed at reducing the incidence of allergic disease, in

particular AD, some studies have focused clearly on the ato-

pic march. The main intervention currently under investiga-

tion and addressing the atopic march hypothesis is building

and maintaining the infant skin barrier function (43). If the

increased risk of asthma is in part mediated by the develop-

ment of transcutaneous allergic sensitization, it may be possi-

ble to prevent this progression by maintaining and improving

skin barrier function in infants who are not yet sensitized.

A number of studies are underway using both standard emol-

lients (44) and ceramide-dominant emollients (45). The safety

and feasibility of these interventions are currently being

established, and they represent an exciting development in

addressing the atopic march hypothesis.

Clinical trials of probiotics and prebiotics are also being

considered as interventions for preventing the initiation of

the atopic march (46, 47). Probiotics are live beneficial bacte-

rial cultures known to shape the immune system by rebalanc-

ing the ‘Th2 bias’ with which infants are born (47).

Prebiotics are supplements or foods containing a nondigest-

ible ingredient that selectively stimulates the favourable

growth and/or activity of indigenous probiotic bacteria.

Although probiotics and prebiotics have shown promise in

treating AD, the evidence is insufficient to make any recom-

mendations (48). It has been speculated that the use of these

agents during pregnancy and early life could prevent the initi-

ation of atopic march (46).

Other general interventions tested to date in the primary

prevention of allergies fall into the following categories: mod-

ification of the infant (formula interventions and promotion

of breastfeeding) and maternal diet (avoidance of allergenic

foods) and manipulation of the maternal/infant intake of

fatty acids. While controversy remains concerning many of

these interventions (49) and research continues, in general the

results from such interventions have been disappointing (50–
53). Recent evidence on timing the introduction of solids (54)

and the role of vitamin D in allergic diseases (55, 56) has led

to current trials on supplementation with vitamin D during

pregnancy and early life, and early introduction of allergenic

foods into the infant diet. These interventions are not specific

to reducing AD risk and aim to modify infant immune

responses, thereby reducing all forms of allergic diseases.

Secondary prevention

If a child develops eczema, it may still be possible to prevent

the development of asthma and allergic rhinitis. Relatively few

secondary prevention trials have been conducted to date. The

Early Treatment of the Atopic Child (ETAC) Study found

that 18 months treatment with the antihistamine cetirizine

was ineffective in preventing asthma development in children

with early AD (34). This was not surprising, as the interven-

tion appeared to have minimal impact on the expression of

AD in these children (57). The ETAC Study found that cetiri-

zine delayed or prevented asthma development in a subgroup
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of infants with AD sensitized to grass pollen and dust mite.

However, the follow-on Early Prevention of Asthma in Atopic

Children (EPAAC) Study failed to confirm these findings (58).

A 6-year randomized placebo-controlled trial, the Study of

Atopic March (SAM), is currently underway. This trial is fol-

lowing 1100 infants with AD being treated with either pime-

crolimus cream or placebo. Baseline results have shown

increased IgE levels in infants at 3–18 months who are at risk

of developing asthma and recommend that therapeutic

attempts to prevent asthma should start in infancy (59).

Another aspect of the secondary prevention of atopic

march currently of interest is environmental modifiers of the

progression from eczema to other allergic diseases (Fig. 2).

These investigations were probably triggered by the finding

that only a modest proportion of children with eczema will

subsequently develop asthma (60, 61). A recently published

longitudinal study of children with AD before 3 months and

a family history of allergy suggested that exposure to cats

(OR 0.16; 95% CI 0.05–0.53) and day care (OR 0.08; 95%

CI 0.03–0.19) may reduce the risk of developing asthma (62).

Summary

The evidence to date favours the atopic march hypothesis

linking AD as the initial manifestation of atopy with progres-

sion to asthma and allergic rhinitis. By contrast, there is a

scarcity of robust evidence for a link between AD and food

allergy, other than as a co-association. There is as yet no

definitive proof that the atopic march is causal, despite there

being a clear temporal association and plausible biological

mechanisms to explain such an association.

The findings pertaining to the atopic march are relevant for

counselling the parents of children with AD. While their child

has an increased risk of developing asthma and allergic rhinitis

later in childhood or even adulthood, the average probability

of developing asthma is only one in three and allergic rhinitis is

two in three. However, these probabilities could be higher

among those with severe AD. It is important to establish

whether the atopic march is causal, to focus on identifying

interventions that can be implemented in either the general

population or children with eczema. Evidence from primary

and secondary prevention trials is now critical in this context.

An emerging area of research into the atopic march is investi-

gation into environmental modifiers. Such information may

assist in identifying secondary prevention strategies to arrest

the atopic march. Despite substantial research towards identi-

fying the causes of and interventions to prevent allergic dis-

eases, we are yet to identify effective strategies to reduce the

burden of these conditions. In this context, the atopic march

remains a promising area of investigation.
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