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Abstract
Purpose of Review Over the past decade, the most important
advance in the field of asthma has been the widespread rec-
ognition that asthma is a heterogeneous disease driven by
multiple molecular processes.
Recent Findings The most well-established molecular mech-
anism in asthma is increased airway type-2 inflammation, and
consequently, non-invasive biomarkers of increased airway
type-2 inflammation, such as blood eosinophil counts or blood
periostin levels, have proven important in stratifying asthma
patients in clinical trials of type-2 cytokine inhibitors.
However, it remains ambiguous how well these non-
invasive biomarkers represent airway measures of type-2 in-
flammation in asthma. As a result, the utility of these bio-
markers to assist with asthmamanagement or as research tools
to better understand asthma pathogenesis remains unclear.
Summary This article reviews primary data assessing bio-
markers of airway type-2 inflammation in asthma and de-
scribes how the use of biomarkers can advance a precision
medicine approach to asthma treatment.

Keywords Asthma . Asthma guidelines . Asthma
biomarkers . Airway type-2 inflammation . Asthma
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Introduction

Asthma is a common and complex respiratory disorder that affects
over 300 million individuals globally [1] and leads to over 14
million hospitalizations annually in the USA [2]. Current asthma
guidelines emphasize categorizing asthma patients intomild,mod-
erate, and severe sub-groups based upon an assessment of asthma
symptoms [3, 4]. Correspondingly, treatment algorithms for asth-
ma recommend escalating asthma medications in response to in-
creasing asthma symptoms [3, 4]. This step-wise and symptom-
based approach has been effective at decreasing asthma morbidity
in some asthma patients [2, 5], but the relative impact of these
guidelines at decreasing asthmahospitalizations or improving asth-
ma control has been small [2, 6]. These symptom-based ap-
proaches originate from a simplified view of asthma and do not
recognize asthma as a heterogeneous disease both at the clinical
and molecular levels.

Two complementary approaches have been used to study the
mechanisms that drive asthma. In the first approach, asthma pa-
tients are clustered into sub-groups based upon phenotypic char-
acteristics, such as obesity, age, gender, lung function, atopy, and
exacerbation history. For example, there is a subset of asthmatics
characterized by older age, obesity, and female gender. This work
has reinforced the concept that asthma is a disease that affects a
diverse array of individuals and has provided a basis for re-
searchers to associate complex phenotypic profiles with disease
in asthma [7–10].

However, using phenotypic traits to understand the patho-
physiology of asthma has limitations. The main limitation is that
phenotypic characteristics can be caused by multiple biologic
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processes. For example, identifying subjects with lower FEV1
(forced expiratory volume in 1 s) measurements does little to
support a specific biologic cause since airflow obstruction can
be caused by coinciding disease processes (i.e., smooth muscle
contraction, mucus impaction, and sub-epithelial fibrosis).
Consequently, identifying these patients does little to determine
an appropriate treatment target.

The second, alternative approach focuses on identifying the
molecular pathways that drive asthma with the objective of iden-
tifying disease Bendotypes,̂ defined as disease subtypes with dis-
tinct functional or pathobiological mechanisms [11, 12]. To date,
the most well-established disease endotype in asthma is BType-2
High^ asthma or asthma that is driven by increased airway type-2
inflammation [12]. This approach to better understand the patho-
physiology of asthma has relied on the development of bio-
markers, defined as objectively measured characteristics that indi-
cate a biological process. Because biomarkers quantify molecular
pathways, they can then be used to understand how molecular
abnormalities lead to disease phenotypes or significant clinical
outcomes, such as asthma exacerbations. Currently, the most
prominent biomarkers in the field of asthma have been indicators
of airway type-2 inflammation: blood eosinophil cell counts [13•],
airway type-2 gene expression profiles [14••], and blood periostin
levels [15•].

The strength of this second approach is its potential to ad-
vance a Bprecision medicine^ treatment paradigm in asthma.
Specifically, treatments can be developed to target dysfunctional
molecular pathways identified by biomarkers. This potential has
led to a recent field-wide focus on biomarkers, including their
development, applications, limitations, and validity.

This focus leads us to the main limitation of the endotype
approach: its reliance on consistent biomarkers. The develop-
ment of biomarkers requires large-scale collection and analysis
of human bio-specimens, necessitating resource-rich facilities
and often costly laboratory techniques. Moreover, biomarkers
are solely surrogate measures of biological processes, and inac-
curate biomarkers can lead to disease misclassification in both
discovery and intervention studies.

The objective of this review is to further clarify the strengths
and limitations of proposed biomarkers of airway type-2 inflam-
mation and to describe how these biomarkers can be used to
better understand asthma pathogenesis. A clearer, more nuanced
understanding of how type-2 biomarkers can be used in asthma
will enable a successful transition from a symptom-based treat-
ment approach to a precision medicine treatment approach in
asthma.

Airway Type-2 Inflammation and the Type-2 High
Asthma Endotype

The type-2 high asthma endotype is named for specific patho-
biology involving the type-2 cytokines, Interleukin (IL)-4, -5,

and -13. Understanding the biology of the type-2 response is a
critical first step for fully understanding how type-2 inflam-
mation leads to disease pathology in asthma and has been
explained in other reviews [12, 16]. Briefly, inappropriate ac-
tivation of the airway epithelium, via viruses or inhaled anti-
gens, leads to bronchial airway secretion of IL-25, IL-33, or
thymic stromal lymphopoietin (TSLP) [12]. These cytokines
then promote a distinct inflammatory cascade orchestrated by
the prototypic type-2 cytokines IL-4, IL-5, and IL-13 leading
to airway infiltration of eosinophils, basophils, mast cells,
IgE-mediated B-cells, and T-helper type-2 cells (Th2-cells)
[17]. The protective function of the type-2 response is to elim-
inate helminth parasites [18]. However, innate and adaptive
type-2 immune responses also have other functions, including
roles in tissue repair [19] and energy metabolism [20].

It is important to clarify that the identification of a type-2
high asthma endotype indirectly asserts that a subgroup of
asthma patients lack evidence of type-2 inflammation in their
airway [14••, 21•]. These findings disprove the previously
held assumption that airway type-2 inflammation is ubiqui-
tous in asthma. Specifically, roughly half of asthma patients
demonstrate a type-2 high molecular endotype of asthma as
shown by epithelial cell brushing collected during bronchos-
copy [14••]. The epithelial cells of these Btype-2 high^ pa-
tients are molecularly characterized by increased gene expres-
sion of three genes known to be up-regulated in airway epi-
thelial cells following IL-13 stimulation: periostin (POSTN),
calcium-activated chloride channel-1 (CLCA1), and serpin
peptidase inhibitor (SerpinB2) [14••]. Phenotypically, these
type-2 high asthmatic patients have increased subepithelial
fibrosis, mucus hypersecretion, and have disease responsive
to inhaled corticosteroid treatment [14••]. More recently, a
composite gene expression signature of CLCA1, periostin,
and SerpinB2 in epithelial brushings was defined in order to
demonstrate the continuous spectrum of type-2 inflammation
in the airways of asthmatic patients. This Bthree gene metric^
continuous scale of airway type-2 inflammation has been re-
lated to lung function and treatment response and has become
the gold-standard measure of airway type-2 inflammation in
asthma [22].

A barrier to widespread implementation of this metric is that it
requires qPCR analysis of bio-specimens obtained during bron-
choscopy. Bronchoscopy is invasive and expensive, making it
impractical to apply to large populations. Consequently, alterna-
tive biomarkers are needed to differentiate asthma patients with
type-2 high asthma from those with type-2 low asthma.

Biomarkers of Airway Type-2 Inflammation

While the concept of asthma endotypes is relatively new [11],
asthma classification schemes have been in use for over
60 years [23]. Initially, asthma classification focused on sub-
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grouping patients based upon clinical features such as age of
onset, or the presence or absence of sinus disease [23], but
sub-grouping quickly transitioned to the use of biomarkers
such as blood IgE levels in an attempt to distinguish allergic
or Bextrinsic^ asthma from non-allergic or Bintrinsic^ asthma
[24, 25]. An improved understanding of asthma pathophysi-
ology and the development of new biologic medications have
led to the renewed interest to sub-classify subjects into type-2
high and type-2 low asthma endotypes. The objective of this
section is to review the primary data for the widely used bio-
markers of airway type-2 inflammation starting from older
methods such as blood IgE levels and ending with more novel
biomarkers such as blood dipeptidyl peptidase-4 levels
(Table 1).

Immunoglobulin E Levels (IgE)

Blood measurements of total (bound and unbound) IgE are de-
tected at higher levels in asthma patients compared to healthy
control subjects, and measures of total blood IgE levels were one
of the first biomarkers developed in asthma [24]. The initial goal
of measuring blood IgE in asthma was to distinguish asthmatic
disease that occurred secondary to atopy (extrinsic) vs. non-
atopic (intrinsic) mechanisms.

B-lymphocytes exposed to the type-2 cytokines IL-4 and IL-
13 undergo class switching to produce Immunoglobulin E
isotype antibodies [26, 27]. The interaction between antigen
and IgE leads to type-1 hypersensitivity reactions which include
the degranulation of mast cells and release of vasoactive media-
tors such as histamine and leukotrienes [27].

Due to IgE’s crucial role in mediating atopy, the anti-IgE
medication omalizumab was developed as a therapy for severe
asthma. The subsequent success of omalizumab at preventing
asthma exacerbations [28, 29] has demonstrated that reactions
orchestrated by IgE must cause at least some asthma
exacerbations.

However, it is now accepted that total blood IgE levels de-
crease with age [30, 31], thereby limiting the utility of blood IgE
levels as a biomarker of atopy in large asthma populations. These
limitations were exemplified by the inability of total blood IgE
levels to differentiate responders from non-responders to
omalizumab therapy [32, 33]. Furthermore,multiple studies have
demonstrated that blood IgE levels poorly predict airway mea-
surements of type-2 inflammation [21•, 22, 34]. Thus, while IgE
levels do demonstrate weak correlations to airflow obstruction
and disease severity [35], the clinical utility of IgE levels for
predicting treatment responses or quantifying biological process
is suspect.

Table 1 Features of proposed biomarkers of type-2 inflammation in asthma

Biomarker Relevance to type-2 biology Clinical utility Limitations

Blood IgE B-cells exposed to IL-4 and IL-13
undergo class switching to
produce IgE isotype antibodies.

- Can be used as a surrogate marker of atopy
- The anti-IgE antibody omalizumab

decease asthma exacerbation rates.

- IgE levels decrease with increased
age regardless of type-2 status.

- Blood IgE levels poorly predict
response rates to omalizumab

Sputum
eosinophils
%

IL-5 and IL-13 recruit eosinophils
into the airway lumen.

Sputum eosinophil % accurately predict
response to inhaled corticosteroid
treatment

Techniques to measure sputum eosinophil
% are not standard and require advanced
techniques

FENO Airway epithelial cell exposure to
IL-4, -5, and -13 induces
production of nitric oxide.

FENO measurements are easy to perform
and track closely with sputum and blood
eosinophil measures

FeNO-guided treatment algorithms have
failed to outperform symptom guided
plans.

Blood
eosinophils

IL-5 is a key mediator of eosinophil
activation and prolongs eosinophil
survival.

Anti-IL-5 medications are exclusively
effective in subjects with elevated blood
eosinophil cell counts.

Different physiologic conditions such as
fasting, obesity, or adrenal activation
provide additional mechanisms by which
blood eosinophil counts could fluctuate.

Serum
Periostin

A matrix protein secreted basolaterally by
the airway epithelium in response to
IL-13 stimulation

The anti IL-13 medication, Lebrikizumab,
was only effective in the subgroup of
asthma patients with high serum
periostin levels.

-No clear difference in periostin levels
between asthma and healthy subjects.

-Follow up studies have not yet
confirmed a role for periostin as a
predictor of lebrikizumab response.

Blood DPP-4 Secreted basolaterally by the airway
epithelium in response to IL-13 stimula-
tion

The anti IL-13 Tralokinumab improved
FEV1% predicted values in subjects with
high blood DPP-4 measures.

No confirmatory studies have been
conducted in asthma

Sputum gene
expression

qPCR-based approaches have demonstrated
that gene expression measures of the
type-2 cytokines IL-4, IL-5, and IL-13
can be quantified from induced sputum
RNA.

Enables direct continuous metrics of airway
type-2 inflammation in large cohorts of
asthma patients to better understand the
relationship between airway type-2 in-
flammation and clinical features of dis-
ease.

Technically challenging and impractical
for use in clinical practice.
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Sputum Eosinophilia

Eosinophils possess the unique property to take up acidophilic
dyes. The distinctive red stain results from intra-cellular granules
absorbing the red dye of eosin, the compound that gives these
cells their name. This property has enabled easy identification of
eosinophils, and for over 30 years, it has been known that eosin-
ophils are increased in the airway and peripheral blood of asthma
patients compared to healthy controls [36].

While staining eosinophils is relatively simple, methods of
quantifying airway eosinophilia are not straightforward. The
most established technique requires asthma subjects to under-
go a procedure called sputum induction, in which subjects are
induced with hypertonic saline to expectorate a sputum
biospecimen [37, 38]. The resulting biospecimen is homoge-
nized with DTT, spun down in a cytocentrifuge, stained using
Diff-Quik, and a cell differential is counted [37]. Cell percent-
ages are then calculated as the percentage of the non-
squamous cells in the sample. Samples with greater than
80 % squamous cells are regarded as being inadequate for
sputum cell count differentials and are discarded [37]. This
exclusion process generally results in about 10–15 % of sam-
ples being excluded from analysis [37].

Using these, or similar techniques, studies have shown that
increased airway eosinophil levels correlate with increased
disease severity and predict poor asthma control [39].
Furthermore, it has been shown that using sputum eosinophil
levels to titrate asthma medications decreases asthma exacer-
bations as compared to management guided by standard
guidelines [40]. Recent work has also demonstrated that in-
duced sputum measures of eosinophilia are relatively stable
over time, and asthma patients with persistent airway eosino-
philia preferentially respond to inhaled corticosteroid treat-
ment when compared to subjects persistently without airway
eosinophilia [41].

Conversely, other studies have found conflicting results
and some asthma patients without airway eosinophilia still
demonstrate a response to inhaled corticosteroids [42]. This
conflicting data could be secondary to the high degree of
technical expertise required to perform sputum induction,
and the deficiency of standardized methods to quantify spu-
tum eosinophil counts for biospecimens of induced sputum
[43]. Due to the difficult nature of measuring sputum eosino-
philia and the relative lack of data demonstrating clear benefit,
systematic reviews have recommended against measuring
sputum eosinophil levels in clinical practice [44, 45].

Fractional Exhaled Nitric Oxide (FeNO)

Nitric oxide (NO) is produced through the conversion of the
amino acid L-arginine to L-citrulline by the enzyme nitric ox-
ide synthase (NOS) [46]. In stable healthy conditions, relative-
ly small amounts of NO are produced by the airway

epithelium [47]. However, following exposure to inflammato-
ry cytokines, inducible nitric oxide synthase (iNOS) is upreg-
ulated in the airway epithelium thereby increasing airway pro-
duction of NO [47].

Fractional exhaled nitric oxide (FeNO) is a non-invasive
metric to measure NO production in asthma. High FeNOmea-
sures correlate with airway eosinophilia in asthma and there-
fore have been proposed as a non-invasive metric of increased
airway type-2 inflammation in asthma [48•]. However, other
inflammatory conditions unrelated to type-2 inflammation,
such as acute infections or ambient air pollution also increase
FeNO measurements. Obesity and age have also been pro-
posed to influence FeNO measures, but these associations
appear to be weak [49, 50].

In spite of these potential limitations, FeNO has performed
surprisingly well at predicting airway eosinophilia [3448•]
and responsiveness to type-2 treatments such as inhaled cor-
ticosteroids [22, 51] or anti IL-13 biologics therapies [15•].
This data would support the concept that FeNO is an effective
non-invasive biomarker of airway type-2 inflammation.

However, less evidence exists to support the clinical utility
of FeNO as a biomarker to guide asthma management. Six
studies have been conducted assessing the use of FeNO to
guide asthma management [45], and only one [51] demon-
strated a benefit for an FeNO-guided treatment plan as com-
pared to a conventional symptom-based approach. Thus,
while FeNO appears to be an excellent biomarker of type-2
inflammation, meta-analysis [45] and systemic reviews [52]
recommend against the use of FeNO in clinical practice.

Blood Eosinophils

Given the relative ease of measuring blood eosinophilia from
complete blood counts, it is surprising that the utility of blood
eosinophilia as a biomarker of type-2 inflammation has only
recently been explored.

IL-5 is a key mediator of eosinophil activation and pro-
longs eosinophil survival [53]. Clinical trials testing IL-5 in-
hibition in asthma were initially negative, and it was not until
anti IL-5 therapies were directed at eosinophilic asthma pa-
tients that the effectiveness of these therapies were appreciated
[54••, 55••]. More recently, it has been shown that the anti-IL5
medication, mepolizumab, is an effective therapy in patients
with blood eosinophil cell counts >150 cells/uL respond.
Remarkably, at this relatively low Bcut off^ of 150 cells/uL,
asthma patients demonstrated decreased asthma exacerbations
[55••] and improved systemic corticosteroid tapering [56]
with mepolizumab treatment when compared to patients on
placebo.

It is important to note that the response rate to mepolizumab
was directly related to blood eosinophil measures. Specifically,
subjects with blood eosinophil counts greater than 500 cells/uL
had a 74 % reduction in clinically significant asthma
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exacerbations compared to placebo, while subjects with greater
than 150 cells/uL (including subjects >500 cells/uL) only dem-
onstrated a 45% reduction compared to placebo [55••]. This data
demonstrates that response rates to mepolizumab therapy are
directed correlated to blood eosinophil cell counts and provides
additional evidence that blood eosinophils are a biomarker of
response to IL-5 therapy.

Despite these findings, blood eosinophil cell counts as
markers of type-2 inflammation may have limitations that
have not yet been appreciated. Relatively ancient work dem-
onstrated that blood eosinophil counts fluctuate diurnally, and
these findings were attributed to fluctuations in adrenal corti-
costeroid hormone secretion [57]. More recently, it has been
demonstrated that eosinophils play essential roles in metabo-
lism [20], and it is likely that some of the previously observed
diurnal variation in eosinophil counts could be attributed to
the nightly fast that occurs during sleep. These findings are
supported by data demonstrating that obese asthmatics have
alterations in eosinophil levels that are complex and unantic-
ipated [58]. Thus, the interplay between obesity, food con-
sumption, and blood eosinophilia is currently not fully under-
stood. Because obesity (described in detail below) is a prom-
inent characteristic of severe asthma, these subjects are more
likely to receive type-2 biologic agents. Understanding the
relationship between peripheral eosinophilia, obesity, and air-
way type-2 inflammation needs to be further explored in order
to understand how blood eosinophil cell counts can be used to
predict treatments responses in obese asthma.

Serum Periostin

Periostin is a matrix protein that is secreted basolaterally by
the airway epithelium into the mesenchyme in response to IL-
13 stimulation [59]. Because vascular structures run through
the mesenchyme, proteins secreted basolaterally are excellent
candidates for blood-based biomarkers of epithelial type-2
activation.

Periostin was validated as a type-2 biomarker in a randomized
clinical trial comparing change in FEV1% predicted levels fol-
lowing treatment with Lebrikizumab, an anti-IL-13 antibody, in
periostin-high and periostin-low asthma sub-groups. In subjects
with high periostin measures, treatment with Lebrikizumab im-
proved FEV1% predicted levels, with a 8.1 % relative increase
compared to placebo treated subjects [15•]. Alternatively, sub-
jects with low periostin measures only demonstrated a 1.6 %
relative increase in FEV1% predicted levels following treatment
with lebrikizumab as compared to placebo [15•]. Furthermore,
the recruitment of periostin-low and periostin-high asthma sub-
groups in this study enabled the authors to demonstrate an inter-
action effect between increased periostin levels and response to
lebrikizumab treatment. A follow up study subsequently demon-
strated that blood periostin levels outperformed blood eosinophil
cell counts and blood IgE measures and was marginally better

than fractional exhaled nitric oxide measures for predicting air-
way eosinophilia [34].

The exciting results of these initial studies were tempered
by recent work demonstrating that serum periostin levels are
not elevated in asthma subjects compared to healthy control
subjects and were not different between severe and non-severe
asthma sub-groups [60]. The results of this more recent work
could reflect the competing causes of systemic increases in
periostin levels. Periostin plays a key role in bone-growth
and osteoblast proliferation [61]. Consequently, other condi-
tions, such as childhood growth, bone regeneration, or bone
fractures, can increase serum periostin levels in the absence of
airway type-2 inflammation.

In summary, serum periostin measurements initially creat-
ed much excitement for a personalized medicine approach in
asthma, but until additional data demonstrates a clear role for
periostin as a biomarker of treatment response it remains un-
clear if it will make its way into clinical practice.

Dipeptidyl Peptidase-4 (DPP-4)

Like periostin, dipeptidyl peptidase-4 (DPP-4) production is
induced by human bronchial epithelial cells by IL-13 and is
secreted basolaterally [62]. A recent trial testing, the efficacy
of Tralokinumab (another IL-13 neutralizing monoclonal an-
tibody) at preventing asthma exacerbations investigated the
performance of DPP-4 as a biomarker of IL-13 response [63].

The primary results of the trial were negative, namely
tralokinumab did not decrease asthma exacerbation rates or
improve FEV1% predicted measures compared to placebo
[63]. However, pre-specified sub-group analysis demonstrated
that asthma subjects with high (greater than the median) blood
DPP-4 measurements had relatively robust improvements in
FEV1 (10.8 %, 95 % CI 3.4–18.3) and a trend towards de-
creased annual asthma exacerbation rates (34 % reduction,
95 % CI −6 to 59, p = 0.08) in the treatment group compared
to placebo. Furthermore, asthma symptoms scores on the
Asthma Control Questionaire-6 (ACQ-6) and Asthma
Quality of Life Questionnaire (AQLQ) were markedly im-
proved in DPP-4 high patients treated with tralokinumab
[63]. Because the DPP-4 high subgroup had a larger response
to tralokinumab when compared to the periostin-high sub-
group, DPP-4 could be superior to periostin as a blood based
biomarker of airway type-2 activation. Further studies are
needed to validate the role of DPP-4 as a biomarker in asthma,
but the initial data is encouraging.

Sputum Gene Expression Profiling

As described above, gene expression profiling in airway epi-
thelial cells is considered the gold standard approach to quan-
tifying airway type-2 inflammation in asthma. However,
bronchoscopy-basedmethods are not practical in large clinical
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cohorts or in severe asthma patients. To this end, induced
sputum gene profiling is an intriguing alternative approach,
as induced sputum samples are relatively cheap and easy to
obtain.

Induced sputum samples are comprised of amixture of airway
inflammatory cells and recent work has demonstrated that gene
profiling in sputum is feasible. Specifically, methods have now
been developed to extract RNA from cells residing in the induced
sputum matrix [21•], and qPCR-based approaches have demon-
strated that gene expression measures of the type-2 cytokines IL-
4, IL-5, and IL-13 can be quantified from induced sputum RNA
[21•]. Using a scaled and averaged metric of IL-4,-5, and -13
named the BTh2 gene mean^, a continuous read out of airway
type-2 inflammation can then be generated in asthma patients.
This work is an enabling technology that can allow researchers to
identify the type-2 high endotype in larger populations. For ex-
ample, continuous metrics of airway type-2 inflammation can
now be obtained in large cohorts of asthma subjects to determine
how patient-oriented outcomes (i.e., asthma exacerbation rates,
asthma severity, or drug response rates) relate to measures of
airway type-2 inflammation.

While qPCR-based techniques in sputum are too technical to
be of substantial use clinically, they do offer an opportunity to
better understand how type-2 inflammation drives disease sever-
ity in asthma. Furthermore, these approaches can lead to a better
understanding of how clinical phenotypes integrate with metrics
of airway type-2 inflammation.

Unbiased- and transcriptomics-based approaches have also
been used to identify airway transcription profiles in asthma
[64–66]. While this work is beyond the scope of this review, this
approach has the potential to identify novel, non-type-2 inflam-
matory mechanisms in asthma.

Relationship Between Biomarkers of Airway Type-2
Inflammation and Complex Clinical Phenotypes

Cluster analysis-based approaches have identified multiple clin-
ical phenotypes of asthmatic disease [7, 8, 10, 67, 68].
Unfortunately, many of these complex clinical phenotypes have
not been reproducible. However, certain clinical features, such as
increased body mass and older age, are clearly associated with
increased asthma severity. One interesting question is how these
clinical features relate to measures or biomarkers of airway type-
2 inflammation. For example, multiple studies have suggested
that obesity is associated with lower measures of airway type-2
inflammation. Below, I will review the data behind how obesity
and age associate with measures of airway type-2 inflammation.

Obesity-Associated Asthma

Obesity is associated with increased asthma prevalence [69]
and worse asthma severity in both type-2-low and type-2-high

endotypes [7, 70], making it plausible that the effect of obesity
on asthma severity is independent of airway type-2
inflammation.

First, research studies employing clustering algorithms
have consistently identified a type-2-low, female-predomi-
nant, obese clinical phenotype of asthma [7–9, 71]. Second,
obese asthma is also present at a higher frequency in more
severe phenotypes of type-2-high asthma. Specifically, clini-
cal trials using blood eosinophil cell counts or blood periostin
levels to identify type-2-high asthma patients disproportion-
ately identify overweight and obese subjects [13•, 15•].
Furthermore, clustering approaches in more severe asthma
have shown that obese asthma occurs in severe sub-groups
of both type-2-low and type-2-high asthma endotypes [7].
These findings suggest that obesity affects asthma severity
independent of airway type-2 inflammation.

Recent work supports this hypothesis. Specifically, it was
recently shown that systemic interleukin (IL)-6 inflammation
occurs in a subset of asthma patients who are characterized by
obesity and severe disease [72••]. A key finding of this work
was that increases in plasma IL-6 occurred in some but not all
obese patients, and it was only the obese patient group with
high IL-6 levels that had more severe asthma. Thus, the pres-
ence or absence of low-grade systemic inflammation, as rep-
resented by IL-6 level, explains the heterogeneity of asthma
severity amongst obese patients. In the same study, measures
of IL-6 and metabolic dysfunction did not correlate to bio-
markers of airway type-2 inflammation [72••], which makes
it unlikely that obesity causes severe asthma through a type-2
inflammatory mechanism. Consequently, while a sub-group
of obese asthmatics demonstrate evidence of increased airway
type-2 inflammation and will likely benefit from type-2 inhi-
bition [13•], another sub-group of obese asthma will require
treatment with alternative non type-2 therapies.

Aging and Asthma

Advanced age increases the risk of type-2 diabetes [73], car-
diovascular disease [74], and cerebral vascular accidents [75].
Recently, advanced age has also been implicated as a key risk
factor for the development of severe asthma [7, 76].
Asthmatics in the most severe cluster of a study by Moore
[7] were on average 20 years older when compared to asth-
matics in the less severe clusters. Zein et al. demonstrated that
age is more important than asthma duration as a predictor of
severe asthma prevalence [76].

It is generally accepted that asthma in older patients is
characterized by decreased atopy, and this decreased atopy is
why older asthma patients are less responsive to conventional
asthma therapies that target type-2 inflammation. However,
the concept that older asthma is a disease of less atopy was
largely based upon the finding that blood IgE measures are
generally lower in older compared to younger asthma patients
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[77, 78]. As highlighted above, IgE measurements decrease
uniformly with age [30, 31]. Therefore, it is plausible that we
have misinterpreted the pathophysiology of asthma in older
patients, and IgE measurements in older patients are not relat-
ed to their asthma or airway type-2 inflammation.

Conclusion

Biomarker development for type-2 inflammation represents a
significant advance in altering the paradigm of asthma man-
agement: moving from the traditional approach of using
symptoms and non-specific clinical characteristics to guide
care, towards a more nuanced approach based on identifying
dysfunctional molecular pathways. This approach will enable
a precision medicine approach to asthma treatment, as well as
help researchers understand how clinical phenotypes of dis-
ease are related to biologic pathways. While biomarkers of
airway type-2 inflammation currently have a very limited role
in asthma management in the clinical setting, it is likely that
biomarker-based asthma guidelines will eventually supplant
symptom-based guidelines.
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