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Purpose of review

Asthma is a heterogeneous disease constituted by overlapping separate syndromes.
This review discusses recent published data relevant to asthma and severe asthma
classification, resting either on the ‘candidate’ approach based on criteria chosen by
experts or on the ‘exploratory’ approach based on unsupervised statistical methods.
Recent findings

Following the ‘candidate’ approach, groups of experts recently reviewed the
classification of severe asthma to be applicable in low-income, milddle-income, and
high-income countries and provided a systematic algorithm to diagnose severe
refractory asthma. The concept of asthma endotypes involving different biological
mechanisms has recently being proposed. Results from the ‘exploratory’ approach
support the clinical heterogeneity in severe asthma and the need for new approaches for
the classification of asthma severity. The novel childhood and adult asthma phenotypes
recently identified using the exploratory approach were supported by first evidence of
validity (replication in independent studies, assessment of their discriminative
properties, and effect on clinical prognosis).

Research on asthma phenotypes has increased exponentially in the last year. The main
focus has been on severe asthma, likely due to its clinical and socioeconomic burden.
Interestingly, many of the phenotypes identified are stable across populations and

methodological approaches. Further analyses on the asthma phenotypes are needed to

address their stability over time and their relevance from clinical and etiological
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Introduction

Evidence is increasing that asthma is a heterogeneous
disease constituted by overlapping separate syndromes
with probably different, but yet undefined, causes and
natural histories. There is a need to identify each of these
groups of patients (the so-called asthma phenotypes),
whose clinical and prognostic characteristics and res-
ponses to treatments may be heterogencous between
groups and homogeneous within each group.

The term phenotype was originally coined together with
the term genotype. A modern definition states that
the phenotype is ‘the observable and structural and
functional characteristics of an organism determined
by its genotype and modulated by its environment’ [1].
A recent opinion study on the complexity of chronic
obstructive pulmonary disease proposed a definition
more focused on prognosis and therapeutic response,
stating that a clinical phenotype is ‘a single or combi-
nation of disease attributes that describe differences
between individuals (...) as they relate to clinically
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ponse to therapy, rate of disease progression, or death)’
[2]. Such a definition could be extended to other chronic
respiratory diseases, such as asthma. The term endopheno-
type has been proposed from the genetic research for
representing specific physiological or biochemical pro-
cesses closer to gene action and therefore more amenable
to genetic analysis [3]. The current review is aimed at
appraising the current knowledge and the potential
implications of future knowledge about what has been
called so far asthma phenotypes.

Why investigating asthma phenotypes?

There are many direct benefits of investigating asthma
phenotypes. First, it should provide novel insights
in asthma research by increasing the statistical power
to detect environmental and genetic risk factors. Despite
all the research efforts in asthma genetics in the past
decades, most genetic variants identified so far confer
relatively small increments in risk, and explain only a
small proportion of familial clustering [4,5]. It has been
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recognized that the missing explanation could partly
reside in the poor asthma phenotype definition mostly
used [6,7]. From the genetic research point of view, if
current approaches in defining phenotypes are inadequate,
the huge currently available genotypic data cannot be
optimally used [8]. Recent data support this point, includ-
ing studies showing that the increased risk of asthma
conferred by 17q21 genetic variants is restricted to child-
hood-onset asthma [9], a finding that has been replicated
in the large European GABRIEL Consortium [10]. These
considerations also hold for etiologic research on environ-
mental exposures, where proper disease definitions may
result in the identification of new risk or protective factors.

The identification of asthma phenotypes should also lead
to increasing the understanding of underlying pathobio-
logy that contributes to a particular phenotype [11]. The
huge advances in asthma pathology achieved in the last
decades have resulted in discussions about whether
asthma definition and classification should be revisited
but their implications in the clinical practice are still
missing.

Finally, from a clinical perspective, distinguishing asthma
phenotypes should also lead to the identification of new
phenotype-specific treatment. Several already existing
examples illustrate this point, including the antiinterleu-
kine-5 therapy, which targets eosinophilic inflammation
and is therefore likely to be specifically effective in
eosinophilic asthma [12,13].

A review of the asthma phenotypes was published in this
journal last year, covering results from the ‘multidimen-
sional phenotyping’ approach, that consists in applying
unsupervised statistical methods that group individuals
within a population according to similarity of specified
variables, and from the ‘molecular phenotyping’
approach that consists in using gene arrays to examine
gene expression profiles [14°]. The purpose of the
present review is to discuss published data in the previous
12 months relevant to the research on asthma pheno-
types, with emphasize on phenotypes identified using
the ‘multidimensional phenotyping’ approach, also called
the ‘exploratory’ approach, and also including recent
research on asthma phenotypes using a complementary
method, the ‘candidate’ approach. Many articles on
asthma phenotypes published this last year have been
focused on severe asthma, likely due to its clinical and
socioeconomic burden. Consequently, severe asthma
phenotypes are largely discussed in the present review.

The candidate approach to identify asthma
phenotypes

The ‘candidate’ approach defines simple phenotypes
based on criteria chosen by experts, representing one
or few components of the disease. Distinct childhood

e Evidence is increasing that asthma and severe
asthma are heterogeneous disease constituted by
overlapping separate syndromes with probably
different, but yet undefined, causes and prognosis.

e Although the exploratory approach, so-called ‘hypo-
thesis-free’ is at an initial step, the novel asthma
phenotypes recently identified this way were sup-
ported by first evidence of validity.

e Further analyses are needed to address the stability
of these phenotypes over time and the relevance of
these phenotypes from clinical and etiological
perspectives.

and adult asthma phenotypes have been identified for
some time. Allergic and nonallergic asthma are probably
the most commonly discussed phenotypes. Other pheno-
types defined by clinical or physiological categories (i.c.
severity, age at onset, and chronic airflow obstruction), by
asthma triggers (i.e. viral/mult trigger wheeze, exercise,
allergens, occupational allergens, or irritants), by their
pathobiology (i.e. cosinophilic and neutrophilic asthma),
or their time course (i.e. early transient/persistent/late
onset wheeze) have also been proposed and nicely
reviewed elsewhere [11,14°,15,16°]. Some of them deserve
further explanation for their novelty, and are briefly
presented below.

There is increasing evidence that patients with severe
asthma form a heterogencous group. Two studies
[17°,18°] published this last year proposed a classification
for severe asthma. A meeting of the WHO hold in April
2009 in Geneva proposes that a common international
approach is needed to define severe, uncontrolled
asthma which should be applicable in low-income,
middle-income, and high-income countries [17°]. The
expert group identifies three groups of severe asthma,
each carrying different public health messages and
challenges: untreated severe asthma characterized by
asthma that is easily controlled with appropriate medi-
cation and adequate adherence; difficult-to-treat severe
asthma — characterized by a partial or poor response
to treatment that reflects the presence of factors other
than asthma alone, and treatment-resistant severe asthma
including those who are partially or poorly controlled
despite high a level of recommended treatment (refrac-
tory asthma or corticosteroid-resistant asthma) and those
for which the highest level of recommended treatment is
required to maintain control. In the same line, the recent
consensus from the U-BIOPRED (Unbiased Biomarkers
for the Prediction of Respiratory Disease Outcomes)
consortium also differentiates ‘severe refractory asthma’
from ‘problematic asthma’ and ‘difficult asthma’ and
proposed a stepwise algorithm by which the patient with
severe asthma may be identified [18°].
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Figure 1 Asthma is made up of different endotypes, each
characterized by its pathophysiology

The asthma syndrome
symptoms of asthma, variable airflow obstruction

Asthma phenotype characteristics
Observable characteristic with no direct relationship to a disease
process. Includes physiology, triggers, inflammatory parameters

Asthma endotypes
Distinct disease entities which may be present in clusters of
phenotypes, but each defined by a specific biological mechanism

Endotype 1 H Endotype 2 H Endotype 3 H Endotype 4 H Endotype 5

Reproduced with permission from [19°°].

Following the endophenotypes concept presented
above, a group of experts from the European Academy
of Allergy and Clinical Immunology and the American
Academy of Allergy, Asthma and Immunology recently
proposed to divide asthma syndrome into asthma
‘endotypes’ representing distinct disease entities with
specific mechanisms (Fig. 1) [19°°]. On the basis of seven
parameters representing different dimensions of the
disease — clinical characteristics, biomarkers, lung physio-
logy, genetics, histopathology, epidemiology, and res-
ponse to treatment — this group of experts identified six
asthma endotypes: aspirine-sensitive asthma, allergic
bronchopulmonary mycosis, allergic asthma, asthma-
predictive indices-positive preschool wheezers, severe
late-onset hypereosinophilic, and asthma in cross-country
skiers. Further data are needed to understand the disease
process of these proposed endotypes and to determine
whether, as expected, specific biological mechanisms
are involved in these asthma subgroups.

The candidate approach is simple to understand and its
results are easily used in clinical practice. However, this is
usually based on classical models of disease that fail to
recognize the pathophysiological links between physio-
logical and cellular abnormalities common to different
disease labels [20]. The intent to simplify definitions and
classifications and making them available to all medical
care levels may inhibit the development of new ideas and
result in medical care not encompassed with research
advances, thus potentially not allowing patients to get the
best treatment options.

The exploratory approach to identify asthma
phenotypes

The exploratory approach consists in applying unsuper-
vised statistical methods to define asthma phenotypes.
Multivariate statistical methods aimed to objectively
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identify homogeneous subgroups (or clusters) of patients
from a large set of observed data have been applied to
unravel the heterogeneity of childhood and adult asthma.
The diversity of statistical methods and findings prompts
the need for an extensive narrative review.

A cluster analysis was applied to 12 continuous and
composite variables from 161 children aged 6 to 17 years
enrolled in the American Severe Asthma Research
Program (SARP) to identify severe asthma subtypes
[21°°]. The variables included in the cluster analysis
allowed covering personal characteristics (sex, ethnic
group), lung function, atopic sensitization, exhaled nitric
oxide, asthma characteristics (duration and symptoms
frequency), asthma treatment, and healthcare use. Four
clusters of asthma were identified: cluster 1 ‘late-onset
symptomatic asthma with normal lung function’ (7 = 48),
cluster 2 ‘early-onset atopic asthma with normal lung
function’ (#=>52), cluster 3 ‘early-onset atopic asthma
with mild airflow limitation’ (# =32), and cluster 4 ‘early-
onset atopic asthma with advanced airflow limitation’
(n=29). Asthma duration, the number of asthma
controller medications and baseline FEV; percentage
predicted values were identified as the strongest predic-
tors of cluster assignment as these three variables alone
resulted in correct classification of 93% of the original
patients. These data emphasize that severe asthma is a
heterogeneous disorder and point out that the classifi-
cation identified using the unsupervised approach does
not correspond with the definition of asthma severity
proposed by current clinical guidelines.

Benton e¢r al. [22°] conducted a cluster analysis in an
African-American asthma cohort aged 6-20 years (Asthma
Severity Modifying Polymorphisms) recruited in an emer-
gency department (7 = 154). The cluster analysis on seven
variables (Asthma Control Test (ACT) score, postbronch-
odilator FEV1% predicted, cosinophils from nasal washes,
total serum IgE, gender, age of onset, and BMI) identified
four groups including cluster 0 composed of six individuals
with an extremely mild phenotype, cluster 1 composed
mainly of men with high neutrophils counts in their nasal
washes (#=57), cluster 2 predominantly composed of
women with high BMI and later-onset asthma (7 =233),
and cluster 3 including children with high eosinophil
counts in their nasal washes and lower ACT scores
(#=58). The authors reported significant association
between tobacco exposure and phenotypic characteristics
(lung function, ACT score, and nasal neutrophils)
exclusively within some clusters. Although these results
should be interpreted cautiously because of the limited
sample size, they indicate that cluster analysis may help
to detect asthma risk factors in specific subgroups.

In the continuity to the wheezing phenotypes identified
by the Longitudinal Latent Class Analysis (LLLCA) in the
Avon Longitudinal Study of Parents and Children
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(ALSPAC, United-Kingdom) [23], Savenije ez al. [24°°]
attempted to replicate these phenotypes in a the
Netherlands birth cohort, the Prevention and Incidence
of Asthma and Mite Allergy (PIAMA). The LLCA,
a model-based clustering approach which attempts to
explain the association between an outcome assessed
at different time points, was applied on wheezing
reported at eight time points between 1 and 8 years
and identified five wheezing phenotypes in PIAMA
which were comparable to 5 of the 6 ones previously
identified in ALSPAC: ‘never infrequent wheeze’

(75.0%), ‘intermediate-onset wheeze’ (3.1%), ‘persistent
wheeze’ (3.5%), ‘transient early wheeze’ (16.7%), and
‘late onset-wheeze’ (1.7%) (Fig. 2). Interestingly,
the ‘intermediate-onset wheeze’ phenotype identified
in ALSPAC, a novel phenotype compared with the
categories of childhood wheeze previously reported in
the Tucson Children Respiratory health Survey (TCRS),
was replicated in PIAMA [25]. Importantly, these
phenotypes identified in PIAMA showed similar associ-
ation with asthma, atopy, lung function, and Bronchial
HyperResponsiveness (BHR) at 8 years of age compared

Figure 2 Estimated prevalence at each time point from birth to age 8 years for each wheezing phenotype (a) in Avon Longitudinal
Study of Parents and Children free 6-class model (n = 5760), (b) in the Prevention and Incidence of Asthma and Mite Allergy optimal

5-class model (n =2810)
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Reproduced with permission from [24°°].
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with those found in ALSPAC; children with transient
carly wheeze had the lowest risk for doctor diagnosed
asthma in the last 12 months, children with intermediate-
onset wheeze had the highest risk for atopic sensitization
and children with persistent wheeze showed the greatest
deficit in lung function. The similarity of the phenotypes
identified combined with the similarity of the association
with asthma, atopy, lung function, and BHR in two
independent birth cohorts provide first evidence of
validity of the wheezing phenotypes identified.

In adult populations, previous cluster analysis applied in
asthmatic population identified asthma sub-phenotypes
that exhibit differences in clinical response to treatment
[26]. More recenlty, in a population of 726 patients
12 years of age or older, with persistent asthma recruited
in the frame of the Severe Asthma Research Program
(SARP), five distinct clinical phenotypes of asthma
who differ in clinical, physiologic, and inflammatory
parameters have been identified using unsupervised
hierarchical cluster analysis on the basis of 34 variables
[27°°]. Variables were selected to cover demographic
data, asthma characteristics (age of onset, duration),
asthma symptoms, asthma medications and healthcare
use, factors that may confound current asthma control
(smoke exposure, sino-pulmonary infection), and import-
ant physiologic measures (lung function, atopy). The
authors further performed a tree analysis and showed
that 80% of patients in the current sample were assigned
to the appropriate cluster when using a simple

Figure 3 Tree analysis

classification based on three clinical variables (pre and
postbronchodilator FEV% predicted and age of onset)
(Fig. 3). The presence of patients who met the American
"T'horacic Society definition of severe asthma in all clusters
supports the need for new classification of asthma severity.

The LCA method has been applied in two adult
asthma populations, relying on standardized protocol
but different design, the Epidemiological study on
Genetics and Environment of Asthma, a French case-
control and family based study (EGEA2, »=641) and
the European Community Respiratory Health Survey,
an international population-based study (ECRHSII,
7=1895) [28°]. In each sample, four asthma phenotypes
were distinguished by the LCA resting on 19 variables
covering personal characteristics, asthma symptoms,
exacerbations and treatment, age of asthma onset, allergic
characteristics, lung function, and airway hyperrespon-
siveness. The phenotypes identified were similar in
the two populations and were mainly characterized by
the atopic status, the activity of the disease and the age
at asthma onset and were labeled ‘active treated allergic
childhood-onset asthma’, ‘active treated adult-onset
asthma’, ‘inactive/mild untreated allergic childhood-
onset asthma’, and ‘inactive/mild untreated nonallergic
adult-onset asthma’. Interestingly, the asthma phenotypes
identified by the LLCA discriminated levels of health-
related quality of life more efficiently than simple clinical
asthma classification (which would have corresponded to a
hypothetical candidate approach) (Fig. 4). Furthermore, in
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Using three variables (baseline FEV; with a bronchodilator withhold], maximal ‘Max’ FEV, after six to eight puffs of albuterol, and age of onset of
asthma), patients can be assigned to the five clusters that range from milder asthma (cluster 1) to more severe disease (clusters 4 and 5). Reproduced

with permission from [27°°].
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Figure 4 Differences on the total AQLQ between the asthma phenotypes identified by latent class analysis and other a priori asthma
sub-groups (atopy, age of asthma onset, asthma treatment, and asthma control defined following the Global Inititative for Asthma

2006 guidelines)
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Results observed in ECRHSII (a) and EGEA2 (b) are presented. Reproduced with permission from [28°].

the EGEAZ2 study, blood eosinophil and neutrophil counts
were strongly associated with the asthma phenotypes
(eosinophil count was highest in the ‘active treated allergic
childhood-onset asthma’ phenotype and neutrophil count
was highest in the ‘active treated adult-onset asthma’).

"This exploratory approach, so-called ‘hypothesis-free’ is
at an initial step and the difficulty to interpret the results
is one main limitation. An intrinsic not-so-obvious limita-
tion is that this approach is not totally hypothesis free,
as some key decisions have to be taken: the number
and type of variables to be included in the analysis, the
population choice, the number of groups to obtain, or the

specific statistical approach to use. So far, these limita-
tions have impeded comparing the findings of the
increasing bunch of studies on this topic. A final relevant
limitation is the difficulty to immediately apply results
of this research into clinical practice. Nevertheless,
results provided so far by these approaches provided
encouraging results and appear essential in complement
of the candidate approach.

Conclusion
Although difficult, the asthma phenotypes identified so
far in an unsupervised way will have to be compared
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across studies, and further analyses are needed to address
the stability of these phenotypes over time and the rele-
vance of these phenotypes from clinical and etiological
perspectives. The existing studies were carried out either
in a cross-sectional way, by integrating several domains of
the disease measured at one point in time, or longitudin-
ally by using a single phenotype assessed at different
time points to define ‘trajectories’ ([24°°]). Future
research should attempt to identify asthma phenotypes
using data from multiple cohort studies to reach large
enough sample size and by integrating several domains of
the disease repeatedly measured over time. In this con-
text, projects in progress like the MedALL (Mechanisms
of the Development of ALLergy) and UBIOPRED
programmes should provide novel insights in the identi-
fication of childhood asthma phenotypes and severe
asthma phenotypes, respectively [18°,29]. Still, other
specific asthma phenotypes should not be forgotten.

Future research on asthma phenotypes will help not only
to identify the disease risk/protective factors, but also
(and maybe mainly) to elaborate on health promotion and
prevention policies to prevent or reduce future asthma
burden.
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