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The atopic march: what’s the evidence?
Jennifer Ker, MD, MS,* and Tina V. Hartert, MD, MPH†

Objective: To review and compile data from published studies that provide support for the existence of the atopic march.
Data Sources: Relevant articles and references found via a PubMed search using the following keywords: atopic march,

allergic march, atopic dermatitis, eczema, atopic eczema, atopy, rhinitis, wheeze, bronchiolitis, and asthma.
Study Selection: All articles were reviewed and the most relevant were selected for inclusion in this review and for the

compilation and graphical presentation of disease trends.
Results: Data on the prevalence of each phenotype of the atopic march confirm the temporal pattern of progression from

eczema to allergic rhinitis and asthma. However, the atopic march as it is currently defined, is lacking precision, which affects
its usefulness. Early events in the atopic march, such as eczema, may be more useful with more careful refinement of the
phenotype into atopic and nonatopic eczema.

Conclusion: Evidence supports that the atopic march is a useful paradigm to describe the clinically observed progression of
atopy in certain children. There may be more precise phenotypes of the early stages of the atopic march that may improve its
utility in predicting the development of later atopic, comorbid chronic disease.

Ann Allergy Asthma Immunol. 2009;103:282–289.

INTRODUCTION
The atopic march is a term that describes the progression of
atopic disorders, from eczema in young infants and toddlers
to allergic rhinitis and finally to asthma in older toddlers and
children.1 Atopy is derived from a Greek word meaning
“strange or out of place” and was first introduced by Coca
and Cooke in 1923.2 Atopy is defined as a personal and/or
familial tendency to produce IgE antibodies and sensitization
in response to ordinary exposures.3 Atopy is associated with
the development of eczema, rhinoconjunctivitis, and asthma,
all components of the atopic march.4 In clinical practice,
these conditions appear to be interrelated; however, their
exact relationship to each other is debated and is likely not as
simple as one disease “progressing” to another. In addition,
the risk of developing all 3 diseases is likely multifactorial,
involving genetic and environmental influences. The tempo-
ral pattern described in the atopic march is confirmed when
examining data on the prevalence of each atopic disease
across the lifespan. Typically, the clinical signs of eczema
precede the development of allergic rhinitis and asthma,
suggesting that eczema marks the commencement of the
atopic march.1 The progressive nature of the atopic march is

important, providing identifiable phenotypes that could allow
for risk stratification and early intervention or prevention, if
available. Because most infants with eczema do not develop
asthma and increasing evidence suggests that eczema may not
be a specific marker of atopy, eczema as is currently defined
may be too general of a definition, including many children
who are not at risk of subsequent atopic diseases.5,6 The goals
of this review are to examine the existing studies and present
composite data from published studies that support there
being an order and temporal relationship among the atopic
diseases and to summarize the literature on whether there are
more specific predictors that define each stage.

THE BEGINNING OF THE ATOPIC MARCH:
ECZEMA
Eczema is a chronic relapsing inflammatory skin condition
characterized by dry skin lesions with lichenification, pruritic
excoriations, and a predilection for skin flexures.7,8 It is the
most common inflammatory skin disease in childhood, with
most cases manifesting within the first year of life.9,10 In a
population-based US study, the prevalence of eczema among
children ages 5 to 9 years was estimated at 17.2%.11 In the
International Study of Asthma and Allergies in Childhood,
the prevalence of eczema in children 13 or 14 years of age
varied more than 60-fold among the 56 countries involved
(0.3%–20.5%) but showed consistent trends in increasing
disease prevalence over time.12,13

Whether eczema, as is currently defined, is an atopic
disease is much debated. There is a growing body of literature
to suggest there are 2 variants of eczema, an atopic form and
a nonatopic form.6,14–17 A systematic review of the literature
examining the relationship between atopy and eczema found
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that up to two-thirds of persons with eczema are not atopic,14

indicating IgE sensitization may not be integral in the devel-
opment of all cases of eczema. An Australian birth cohort
study of children born to atopic parents, 1 of a few longitu-
dinal population-based studies that examine the relationship
between atopy and eczema, found that risk factors for atopic
eczema (the phenotype of eczema plus specific IgE sensitiv-
ity) were different from those with nonatopic eczema. The
atopic form of eczema was associated with a number of risk
factors for childhood atopic diseases, including male sex and
the development of food allergy, allergic rhinitis, or asthma
by 5 years of age.6

LINKING STAGES OF THE ATOPIC MARCH:
ECZEMA, RHINITIS, AND ASTHMA
The prevalence of eczema is increasing, similar to that of
other atopic disorders, including allergic rhinitis and asthma,
which could support shared environmental and genetic trig-
gers.13,18 Few longitudinal studies have examined the relation-
ship between eczema and subsequent allergic rhinitis. In a
German birth cohort, eczema present before the age of 2
years was a significant risk factor for the development of
seasonal allergic rhinitis by 7 years of age (adjusted odds
ratio [OR], 2.5).19 In another cohort of children with estab-
lished eczema, 45% developed allergic rhinitis by the age of
7 years,20 a proportion much higher than the general popula-
tion.19

The proportion of children with eczema who later develop
asthma has been more extensively studied and has great
variability, ranging from 25% to 80%. A systematic review of
the literature by van der Hulst and colleagues5 included 13
prospective cohort studies, 4 birth cohort studies and 9 cohort
studies of children with established eczema, from 1950 to
2006. The pooled OR for the risk of asthma after eczema,
compared with children without eczema, in birth cohort stud-
ies was 2.14. In eczema cohort studies, the prevalence of
asthma by the age of 6 years was 29.5%. These authors
concluded that there is an increased risk of developing asthma
by 6 years among children with precedent eczema; however,
asthma develops in only approximately 1 in every 3 children
with eczema. Admittedly these results should be interpreted
with caution because of the heterogeneity of the cohorts and
the criteria used to determine eczema; however, the propor-
tion of children with eczema developing asthma is clearly
higher than among those without eczema, and the “attack
rates” for asthma are 3- to 4-fold higher than in the general
population.

Longitudinal studies also support an association between
eczema and asthma (Table 1).20–24 In the Tucson Children’s
Respiratory Study, a longitudinal investigation of 1,246 chil-
dren enrolled at birth,21 18% of children with persistent
wheezing at the age of 6 years had eczema before 2 years of
age, compared with only 7.7% of children who never
wheezed. This birth cohort has now been followed up to 22
years of age, and eczema before the age of 2 years was
associated with asthma onset in childhood but not with adult-

onset asthma.22 In addition, in a cohort of 94 Swedish chil-
dren with eczema followed up from a median age of 17
months to 7 years,20 43% developed asthma by 7 years of age.
Because the atopic march is described as a progression, this
temporal association between eczema and childhood asthma
could indicate that eczema may influence or act as a risk
marker for asthma in childhood, although this does not appear
to be the case for adult-onset asthma.22

Lastly, differentiating atopic and nonatopic eczema pheno-
types may more accurately predict progression to allergic
rhinitis and asthma. There are 2, albeit small, longitudinal
studies that have examined the relationship between atopic
and nonatopic eczema and the subsequent development of
asthma.23,24 Both studies defined atopic eczema as eczema
associated with specific IgE antibodies to common environ-
mental allergens and independently demonstrated that atopic
eczema, present by the ages of 2 to 4 years, is more strongly
associated with the subsequent development of asthma com-
pared with nonatopic eczema. Thus, atopic eczema appears to
more precisely define the initial step and risk factor for the
subsequent development of other atopic diseases.

THE INFLUENCE OF EARLY SYMPTOMS OF
ASTHMA IN TODDLERS: ECZEMA, EARLY
WHEEZE, AND ASTHMA
The German Multicenter Atopy Study is a population-based,
prospective birth cohort that evaluated the phenotype of ec-
zema with and without the cofactor of early wheeze. Those
with eczema and without early wheeze were not at increased
risk for the development of asthma, suggesting that eczema
alone may not be the first most predictive phenotype in the
atopic march.25 Early eczema, defined as eczema before 2
years of age, was significantly associated with early wheeze,
defined as wheezing before the age of 3 years. Early eczema
without the cofactor of early wheeze and without a specific
pattern of atopic sensitization was not associated with an
increased risk of wheezing at 7 years of age (adjusted OR,
1.11). The authors suggest that the combination of eczema
with early wheeze is a distinct phenotype rather than a rep-
resentation of a progressive pattern of atopic diseases. How-
ever, the risk for development of asthma at 7 years of age
among children with early eczema and atopic sensitization to
less common antigens but without concomitant wheeze was
stronger (adjusted OR, 6.68) than the association between
early eczema with early wheezing (adjusted OR, 2.84), per-
haps consistent with the pattern of the atopic march in that
eczema with atopic sensitization places an individual at a
higher risk for the development of atopic respiratory disease.

When examining the development of asthma it is important
to delineate children with early transient wheezing from those
with persistent asthma. The Tucson Children’s Respiratory
Study led to the defining of patterns of childhood wheezing
into 4 groups: (1) children who never wheezed, (2) children
with wheezing associated with 1 or more lower respiratory
tract illnesses during the first 3 years of life but without
wheezing at 6 years of age (transient early wheezers), (3)
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children with no wheezing before the age of 3 years but with
wheezing at the age of 6 years (late-onset wheezers), and (4)
wheezing both before the age of 3 years and present at the age
of 6 years (persistent wheezers).21 The authors found that
one-third of children had at least 1 respiratory tract illness
with wheezing before the age of 3 years, but importantly 60%
of these children were no longer wheezing at the age of 6
years. These transient early wheezers were later shown to
remain as unlikely to wheeze up to the age of 16 years as
children who never wheezed in the first 6 years of life,26

highlighting the importance of delineating wheezing in early
childhood from persistent asthma. The Tucson cohort did not
differentiate between atopic or nonatopic eczema; however,

the investigators found that eczema during the first year of
life was significantly associated with persistent wheezing
(OR, 2.4) and not with transient early wheeze (OR, 1.3).21

From this cohort, a clinical index of asthma risk, the Asthma
Predictive Index (API), was developed to define the risk of
developing asthma among children 2 years or older with
wheezing.27,28 The API uses both major and minor criteria,
and physician-diagnosed eczema is 1 of the 2 major criteria.
Although the positive predictive value of the API is modest
(47.5% for the development of asthma at the age of 6 years),
the negative predictive value is high, with 91.6% and 84.2%
of children with a negative API remaining free of asthma by
the ages of 6 and 13 years, respectively. The updated criteria

Table 1. Select Studies Examining the Relationship Between Childhood Eczema and the Subsequent Development of Asthma

Study Study population Relationship between eczema and asthma

Tucson Children’s Respiratory
Study; Martinez and
colleagues21

Birth cohort; N � 826; cohort unselected
for risk of atopy; birth to 6 years

Eczema during the first year of life was an independent
risk factor for persistent wheezing (adjusted OR, 2.4;
95% CI, 1.3–4.6). Eczema in the first year of life was
not a significant risk factor for lack of wheezing,
transient early wheeze, or late-onset wheeze.
Prevalence of eczema among persistent wheezers was
18% compared with 10.2% in transient early wheezers,
6.3% in late-onset wheezers, and 7.7% in
nonwheezers.

Tucson Children’s Respiratory
Study; Stern and colleagues22

Birth cohort; N � 849; cohort unselected
for risk of atopy; birth to 22 years

The presence of eczema by the age of 2 years in
childhood was associated with inactive and chronic
asthma (OR, 3.8; 95% CI, 1.9–7.8; and OR, 2.0; 95%
CI, 1.0–4.1, respectively). Childhood eczema was not
associated with newly diagnosed asthma in adulthood
(OR, 1.1; 95% CI, 0.4–3.3).

German Multicenter Atopy
Study; Illi and colleagues25

Birth cohort; N � 1,314; cohort unselected
for risk of atopy; birth to 7 years

Early wheeze and a specific sensitization pattern were
significant predictors for wheezing at 7 years,
irrespective of eczema. Early eczema without these
cofactors showed no increased risk of wheeze at 7
years (adjusted OR, 1.11; 95% CI, 0.56–2.20).

Porsbjerg and colleagues56 Population-based cohort unselected for
risk of atopy; N � 291; 7–17 years to
19–29 years

Asthma developed in 45 patients (16.1%) during the
follow-up period. Eczema predicted the development of
asthma (OR, 3.2; 95% CI, 1.0–10.4).

Gustafsson and colleagues20 Eczema cohort; N � 94; 4–35 months to
7 years

Eczema improved in 82 of 94 children, but 45% of
children developed allergic rhinitis and 43% developed
asthma by 7 years of age.

Tepper and colleagues16 Eczema cohort; N � 114; median age of
10.7 months

Infants with atopic eczema compared with infants with
nonatopic eczema had lower flows (FEF75, 336 vs 285
mL/s; P � .003) and lower provocative concentrations
to decrease FEF75 by 30% (P � .02). Infants with total
serum IgE levels of �20 IU/mL had higher eNO levels
compared with infants with IgE levels �20 IU/mL.

Wuthrich and colleagues23 Eczema cohort; N � 22; 2–4 years to
10–12 years

Forty-five percent (10/22) of the cohort developed asthma;
however, 60% (9/15) of the children with atopic eczema
developed asthma compared with 14% (1/7) with
nonatopic eczema.

Novembre and colleagues24 Eczema cohort; N � 77; 2–11 years None (0/12) of the children with nonatopic eczema
developed asthma by 11 years, compared with 25%
(4/16) of those with late-onset atopy and eczema and
59% (29/49) with early atopy and eczema (�2 for trend,
P � .0002).

Abbreviations: CI, confidence interval; eNO, exhale nitric oxide; FEF75, forced expiratory flow of 75%; OR, odds ratio.
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have added allergic sensitization to at least 1 aeroallergen to
its major criteria. The ability to use the presence of early
eczema and atopic sensitization to predict the later develop-
ment of asthma also supports the temporal sequence de-
scribed in the atopic march.

The presence of atopy, regardless of overt wheezing during
the first 3 years of life, has been associated with impaired
lung function at 3 years of age.29 The reduction in lung
function before the clinical presence of wheeze correlates
with the concept of a predisposition for respiratory disease in
an atopic child. It has also been shown that the presence of
IgE-mediated sensitization in a child with wheezing at 3 years
of age predicts the persistence of wheezing at 5 years,30

indicating that the presence of atopy among children with
early wheeze predisposes them to the later development of
asthma.

EARLY RESPIRATORY VIRAL-ASSOCIATED
WHEEZING ILLNESS, ATOPY, AND ASTHMA
Several birth cohorts have established a strong association
between early childhood viral respiratory tract infections and
the subsequent development of childhood asthma.21,31–40

Thus, specific respiratory viral infections early in the life of
a child, particularly a child with an atopic predisposition,
could influence the development of asthma in later childhood,
indicating that environmental factors, in this case respiratory
viruses, influence progression along the atopic march and/or
that an atopic predisposition is associated with more severe
respiratory viral infections. This concept could also explain
the findings seen in the German Multicenter Atopy Study in
that eczema was more strongly associated with asthma if it
was also associated with early wheeze and/or atopy.25

There are many factors that contribute to early wheeze in
young children and early wheezing, although distinguishing a
group of children who are at higher risk of developing asthma
than the general population, is not as a single risk factor
highly predictive of asthma. The potential influence of viral
triggers in the development of atopy and asthma is important
because these are environmental factors that may be modifi-
able and interventions could be developed that could halt the
progression along the atopic march in a young child with
atopy, eczema, or early wheeze.

THE RELATIONSHIP BETWEEN RHINITIS AND
ASTHMA
Allergic rhinitis is clinically defined as a symptomatic disor-
der of the nose characterized by IgE-mediated inflammation
induced by allergen exposure to the mucosal membranes.41

Epidemiologic studies have consistently reported strong as-
sociations between rhinitis and asthma (Tables 2 and 3).42–48

The prevalence of asthma in patients with rhinitis varies from
10% to 40%, depending on the study, and is much higher than
in the general population without rhinitis.42,49–51 Conversely,
among asthmatic patients, the co-occurrence of rhinitis varies
as well but has been reported to be as high as 80%.41 Fur-
thermore, rhinitis, even in the absence of atopy, has been

shown to be a powerful predictor of adult-onset asth-
ma.42,45,48,52,53 Rhinitis in combination with atopy, however, is
an even stronger predictor of adult-onset asthma.45,53

Using methacholine inhalation challenge to define bron-
chial hyperreactivity in 2,347 male naval recruits, Cipriandi
and colleagues54 determined that bronchial hyperreactivity
was present in 82.2% of individuals with perennial allergic
rhinitis. In addition, significant seasonal variability was found
in the degree of bronchial hyperreactivity with lower forced
expiratory volume in 1 second in patients with seasonal
allergic rhinitis during their season of allergy (P � .05). This
finding supports the notion of an already existing predispo-
sition among individuals with allergic rhinitis to develop
asthma. The strong link between allergic rhinitis and asthma
is also highlighted in expert opinion documents such as the
Allergic Rhinitis and its Impact on Asthma document, which
recommends empiric evaluation for asthma in patients with
allergic rhinitis, particularly in those with severe and/or per-
sistent allergic rhinitis.41

When examining the temporal relationship between rhinitis
and asthma, several studies demonstrate that rhinitis in in-
fancy or childhood is associated with the development of
asthma later in life.43,55,56 In the Tasmanian Asthma Study,
childhood allergic rhinitis (present by 7 years of age) in-
creased the likelihood of both new-onset asthma and having
asthma persist from childhood into middle age.43 The Tucson
Children’s Respiratory Study found that rhinitis in the first
year of life was associated with more respiratory symptoms
and the diagnosis of asthma at 6 years of age.55

This relationship is further strengthened when we examine
the impact of treating allergic rhinitis and the subsequent
development of asthma. Allergen immunotherapy has been
well established as an effective treatment of allergic rhini-
tis,57,58 and data indicate that treatment of allergic rhinitis in
childhood with immunotherapy can actually decrease the risk
of developing asthma.59–62 The ability to decrease the risk of
asthma development, the final step of the atopic march, by
treating an earlier disease further supports both the concep-
tual validity and usefulness, as well as the sequential nature
of the atopic march.

Lastly, data compiled from numerous studies investigating
the relationship among eczema, allergic rhinitis, and asthma
are plotted together to show the temporal relationship of each
disease over the age continuum in Figure 1 and confirm the
pattern described in the atopic march.

DISCUSSION
The atopic march is a useful paradigm to describe the clini-
cally observed progression of atopic diseases in certain chil-
dren. Whether each step in the march is necessary for pro-
gression to the next or further defining of these phenotypes
would be more useful in identifying children at risk for
developing lifelong chronic diseases is still a matter of de-
bate. Better understanding of what places a subset of children
with eczema or allergic rhinitis into the risk group for devel-
oping asthma is critically important for risk stratification,
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identifying modifiable risk factors, and developing preven-
tive strategies and targeted interventions. Given that most
infants with eczema or early wheezing do not develop rhinitis
and asthma, further refinement of these early phenotypes or
additional risk factors is important for them to be useful. We
know that the presence of eczema in early childhood in-
creases a child’s risk of developing asthma later in childhood
compared with a child without eczema and that this risk is
increased further with comorbid atopy or wheezing. We also
know that early wheeze, particularly severe wheezing, and
rhinitis both independently place a child at risk for the de-
velopment of asthma, and again these factors are more
strongly associated with the subsequent development of
asthma by the presence of atopy. Thus, more specific defini-
tions of entry points into the atopic march may be necessary
for improved predictability, as has been used in the develop-
ment of tools such as the API.27,28 It has also been established
that rhinitis is associated with subclinical signs of asthma,
such as bronchial hyperresponsiveness, revealing the pres-
ence of the last stage of the march in its most mild form,
although not clinically evident in some.

Figure 1. The prevalence of current eczema, allergic rhinitis, and asthma
estimated from compiled data over the age span of birth to 70 years,
incorporating studies from 1980 to 2008. Prevalence data used to generate
these figures were from studies that used questionnaire data from developed
countries, including the United States, Western Europe, and the United
Kingdom.

Table 2. Select Cross-sectional Studies Examining the Relationship Between Rhinitis and Asthma

Study Study population Relationship between rhinitis and asthma

Leynaert and colleagues42 N � 10,210; ages 20–44 years Asthma and bronchial hyperreactivity were more
frequent in patients with rhinitis (OR, 6.63; 95% CI,
5.44–8.08; and OR, 3.02; 95% CI, 2.66–3.43,
respectively) than in those without. Seventy-one
percent of patients with asthma reported rhinitis. The
association between rhinitis and asthma remained
significant after adjustment for total IgE, parental
history of asthma, and allergen sensitization (OR,
3.41; 95% CI, 2.75–4.21). The association between
asthma and nonallergic rhinitis (OR, 6.2; 95% CI,
4.3–8.8) was stronger than between asthma and
allergic rhinitis (OR, 3.1; 95% CI, 2.4–4.0).

Peroni and colleagues44 N � 1,402; ages 3–5 years Rhinitic children showed a significant increase in
asthma diagnosis (20.8% vs 6.2%, P � .0001) and
wheezing in the last 12 months (25.0% vs 9.4%, P �
.001) compared with nonrhinitic children. Rhinitis was
associated with atopy (adjusted OR, 2.46; 95% CI,
1.71–3.54).

Bugiani and colleagues46 N � 17,666; ages 20–44 years Allergic rhinitis was positively associated with asthma
ever (OR, 7.89; 95% CI, 7.07–8.08). Sixty percent of
asthmatic patients also reported allergic rhinitis.
Patients with allergic rhinitis had an 8-fold risk of
comorbid asthma compared with patients without
allergic rhinitis.

Magnan and colleagues47 N � 4,251; ages 18–60 years The frequency of rhinitis among asthmatic patients was
55.2%. The frequency and severity of rhinitis
increased with the severity of asthma (P � .001).
Allergic rhinitis was associated with worse asthma
control, regardless of asthma severity (P � .001).

Abbreviations: CI, confidence interval; OR, odds ratio.
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CONCLUSIONS
Numerous investigations support the existence of a temporal
trend of atopic diseases that comprise the atopic march. The
identification of early-life diseases or phenotypes in the
atopic march as predictors for the development of lifelong
chronic diseases offers entry points for primary or secondary
disease prevention. Current evidence suggests that further
refining early childhood eczema phenotypes may represent a
more robust measure of the first phenotype of the atopic
march, with a greater predictive value of identifying those at
risk of developing allergic rhinitis and asthma. It is encour-
aging that treatment of allergic rhinitis with allergen immu-
notherapy modifies the risk of developing asthma.59–62 If
other preventive strategies are identified for asthma and al-
lergic rhinitis, early-risk group identification will be critical
in identifying those who should receive these interventions to
prevent lifelong chronic diseases associated with significant
morbidity and mortality.
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