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Although the hallmark features of asthma include reversible airflow obstruction, airway

eosinophilia, and symptoms of recurrent wheeze associated with breathlessness and

cough, it is a heterogeneous disease. The extent of the pathophysiological abnormalities

are variable between patients. Despite this, until recently, asthma diagnosis had been

made very simplistically predominantly from a clinical history and examination, and

often a trial of medication such as short acting bronchodilators. The limitations of

this approach have become increasingly apparent with evidence of inappropriate over

diagnosis, under diagnosis and misdiagnosis. Although there is no gold standard single

test to make a diagnosis of asthma, there are several objective tests that can be

used to support the diagnosis including physiological measures such as obstructive

spirometry associated with bronchodilator reversibility and airway hyperresponsiveness.

In addition, non-invasive tests of airway inflammation such as exhaled nitric oxide or

peripheral blood eosinophils are important to identify those with an allergic or eosinophilic

phenotype. Diagnostic guidelines reflect the importance of using objective tests to

support a diagnosis of asthma, however practical application in the clinic may not be

straightforward. The focus of this review is to discuss the need to undertake objective

tests in all patients to support asthma diagnosis and not just rely on clinical features. The

advantages, challenges and limitations of performing tests of lung function and airway

inflammation in the clinic, the difficulties related to training and interpretation of results will

be explored, and the utility and relevance of diagnostic tests will be compared in adults

and children.

Keywords: asthma diagnosis, spirometry, exhaled nitric oxide, guidelines, inflammation, paediatric asthma, lung

function, objective tests

INTRODUCTION

The essential components of a detailed history and examination remain central to making a
diagnosis of asthma in both children and adults (1). Additional confirmative tests are recommended
and will be discussed, but all guidelines emphasize the need to accurately establish the presence of
a constellation of symptoms that align with asthma. This fundamental need to accurately identify
a collection of symptoms that fit with asthma has recently been agreed by an expert consensus
opinion from clinicians, researchers and scientists worldwide (2). It has been suggested that the
term “asthma” should only be used as a descriptor that relates to a collection of symptoms. But no
associated assumptions should be made about the underlying pathophysiological features driving
the symptoms (2). It is suggested that this approach will prevent inappropriate treatments from
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being used and will encourage increased emphasis on
individualized therapy. The focus of this review is to discuss
the key features that constitute a diagnosis of asthma and
to explore the role of objective confirmatory or supportive
tests, highlighting the elements that are common to adult
and childhood disease and some components that differ
according to the age of the patient. The key components that
contribute to a diagnosis of asthma include airway inflammation,
hyperresponsiveness, bronchial obstruction, and symptoms.
Each of these will be discussed, highlighting the relevance in
children and adults and also the role of objective tests and the
potential pitfalls that may lead to misdiagnosis.

THE BASICS NEED TO BE CORRECT
REGARDLESS OF PATIENT AGE

History and Examination
Asthma is characterized by symptoms including wheeze, cough,
breathlessness and chest tightness (3), all of which may fluctuate
over time. The symptoms are common to children and adults,
and an essential component is to obtain objective confirmation
of symptoms either as documented doctor observed symptoms,
or by administration of an objective questionnaire. A key
issue that often leads to misdiagnosis in children is the
mistaken assumption that all noisy breathing equates to wheeze
and therefore asthma. Epidemiological data rely heavily on
questionnaire reported symptoms, which may not always be
accurate and may result in very varied reports of prevalence
rates (4). However, for the individual patient, an accurate
record of documented wheeze and symptoms consistent with
asthma is critical to prevent inappropriate diagnosis, but equally
importantly, inappropriate treatment (5, 6).

INCORPORATING OBJECTIVE TESTS TO
MAKE A DIAGNOSIS OF ASTHMA: IS
IT NECESSARY?

The importance of a correct diagnosis for the individual is
obvious, however, equally important is the impact on cost to the
health service of avoiding inappropriate prescription of asthma
treatments. Application of a secondary screening programme,
incorporating objective assessments of lung function and airway
hyperresponsiveness, to a population who had a physician
diagnosis of asthma, identified 28% of patients with a
misdiagnosis (7) of whom 71% were on asthma medication.
Moreover, the additional costs of the objective tests were
significantly less than the costs of a lifetime of prescription of
inappropriate medication. One-third of Canadian adults who
had asthma diagnosed in the previous 5 years no longer had
current asthma, likely because of an initial misdiagnosis (8).
Factors contributing to themisdiagnosis of asthma include failure
to confirm reversible airflow obstruction, the relatively poor
sensitivity of spirometry alone to absolutely confirm asthma
(especially in children), the day to day variability of symptoms
and the numerous phenotypes of disease (9). Consequences of
misdiagnosis not only include inappropriate treatment, but also

lost opportunity and time in making a correct diagnosis to
explain the patient’s respiratory symptoms. It is important to
remember that misdiagnosis incorporates both wrongly labeling
another condition as asthma, but equally missing a diagnosis of
asthma and failed treatment. Both have significant consequences
(9). Given the availability of objective tests that can help to
confirm the diagnosis and the potential unwanted effects of
inappropriate or wrong diagnosis, many diagnostic algorithms
now incorporate the need for objective tests in the diagnosis
of asthma.

An important change in the approach to diagnosis has
recently been introduced in England, where theNational Institute
of Health and Care Excellence (NICE), whose purpose is to
generate evidence based and cost effective guidelines, has recently
been published [https://www.nice.org.uk/guidance/ng80]. It was
claimed by NICE that up to 1.2 million of the approximately 4
million people with asthma in the UK were misdiagnosed and
therefore being prescribed wrong or inappropriate medication
(10). For the first time in England, it has now been recommended
that both spirometry and exhaled nitric oxide tests should be
used in all patients older than 5 years to help in the confirmation
of the diagnosis. This guideline has resulted in much debate
and discussion especially because of differences from the British
Thoracic Society and Scottish Intercollegiate National Guidance
(BTS/SIGN) which have been used by clinicians in the UK for
over 2 decades (11). In the context of asthma diagnosis, the big
contrast between the two guidelines includes the implementation
of objective tests as being absolutely central and essential for
making a confirmed diagnosis in adults, and very important, and
whenever possible, essential for a diagnosis in children over 5
years in the NICE guidance. Although the BTS/SIGN guidelines
recommend the use of lung function tests to support asthma
diagnosis, implementation of this to date has been very variable
and limited.

TESTS TO ASSESS AIRWAY
INFLAMMATION IN ASTHMA DIAGNOSIS

Use of Exhaled Nitric Oxide to Diagnose
Asthma—In Adults
The NICE diagnostic algorithm for adults includes the need
for an accurate history and physical examination, including
wherever possible, objective confirmation of wheeze, however,
the critical change at this point is the clear message that
a diagnosis cannot be made only on symptoms, without an
objective confirmatory test. The first objective test to be used
in adults aged 17 years and over is exhaled nitric oxide. If a
value of 40 parts per billion (ppb) or higher is measured in
a patient with suspected asthma, this is considered a positive
result, and is strongly supportive of asthma. However, situations
in which exhaled nitric oxide may be low, despite the presence
of asthma, are highlighted, the most important for adult patients
being cigarette smoking (12).

The upregulation of nitric oxide (NO) by inflammatory
cytokines in central and peripheral airways can be monitored
in exhaled air. Increased fraction of exhaled NO (FeNO)
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reflects eosinophilic-mediated inflammatory pathways and likely
steroid responsiveness moderately well in asthma (13). As the
fundamental pathophysiology underlying asthma incorporates
eosinophilic airway inflammation coupled with reversible airflow
obstruction, exhaled nitric oxide is considered additive to
measures of lung function as an indirect marker of airway
inflammation. However, in addition to smoking, other factors,
including atopy and current treatment with steroids influence
measured exhaled nitric oxide. Therefore, although considered
useful to help support a diagnosis of asthma, it is apparent that its
clinical utility and accuracy is greatest for steroid naïve and non-
smoking patients (14). It is because of the variability of exhaled
nitric oxide that it must be remembered that although a high
level is supportive of the diagnosis, a level below 40 ppb does not
exclude asthma (15).

Use of Exhaled Nitric Oxide to Diagnose
Asthma—In Children
Although the NICE guidance includes objective tests for children
to help confirm a diagnosis of asthma, in contrast to the adult
diagnostic algorithm, exhaled nitric oxide measurement is not a
required test for making the diagnosis in those under 17 years.
Exhaled nitric oxide measurements are only recommended if
there is diagnostic uncertainty after lung function tests and
assessments of reversible airflow obstruction have been made
[https://pathways.nice.org.uk/pathways/asthma#path=view
%3A/pathways/asthma/assessing-and-diagnosing-asthma-in-
under-17s.xml&content=view-node%3Anodes-diagnostic-
uncertainty]. A systematic review of the utility of exhaled nitric
oxide for the diagnosis of asthma in children has shown that
the measure may be informative for a diagnosis when used in
conjunction with other tests, but importantly, that the cut-off
for normal should be lower in children than adults (16). Several
factors, of relevance to children have been shown to influence
levels of exhaled nitric oxide, including age, height, gender,
race and passive smoke exposure (16). Another key issue for
children, even if only considering those aged 5 and above, is
their technique and ability to perform an adequate maneuver
that allows maintenance of a sustained exhalation flow rate
and an acceptable recording. With these numerous factors that
affect values of exhaled nitric oxide in children, the American
Thoracic Society (ATS) guidelines suggest values in children
below 20 ppb are very unlikely to be associated with eosinophilic
airway inflammation, whilst those above 50 ppb suggest airway
eosinophilia and a response to corticosteroids (13). The ATS
suggest values between 20 and 35 ppb should be interpreted in
light of the clinical context, taking into consideration the various
factors that may affect exhaled nitric oxide. Several pediatric
studies have used 20 ppb as a cut-off and shown high sensitivity
(86%), specificity (89%), positive (92%), and negative (80%)
predictive value for asthma in children (17, 18). A significant
factor that must be considered for children when interpreting
values of exhaled nitric oxide is the influence of atopy. Allergic
sensitization alone, without any clinical manifestation of atopic
disease or asthma is strongly associated with elevated levels of
exhaled nitric oxide (19, 20). Moreover, there is an association

between elevated exhaled nitric oxide and current exposure
to the allergen that the child is sensitized to and multiple
sensitization may result in higher exhaled nitric oxide levels
(20, 21). Despite the data from the ATS guidelines suggesting
a value >20 ppb may be of clinical relevance in children, the
abnormal cut-off level that has been set in the NICE guidelines
for children is above 35 ppb for those aged 5–16 years. The test is
only recommended in those children with diagnostic uncertainty
after initial assessment and those with normal spirometry, or
airflow obstruction without evidence of reversibility. On balance,
an assessment of exhaled nitric oxide is helpful in supporting
a diagnosis of asthma in children aged 5 and above, providing
the challenges associated with technical ability to perform the
test and the factors that may either elevate or lower the value are
considered (Table 1). As a result, exhaled nitric oxide is currently
predominantly used in specialist centers, where the equipment is
used frequently, technical expertise in obtaining measurements is
reliable, where children with diagnostic uncertainty are seen, and
results are interpreted in the context of the influencing factors.

Sputum Eosinophils
Currently, assessment of airway eosinophils is not a requirement
for the diagnosis of mild to moderate asthma. The utility of
induced sputum inflammation is predominantly recommended
for patients thought to have severe disease (22). In practice,
the use of sputum eosinophils to make an asthma diagnosis
is challenging because of the time and expertise required for
both the induction, processing and analysis of the sample. For
this reason, the utility of less invasive biomarkers that may
reflect airway eosinophilia are preferred. A meta-analysis of the
diagnostic accuracy of minimally invasive biomarkers (exhaled
nitric oxide, blood eosinophils, total serum IgE) has shown each
of these markers only moderately reflect sputum eosinophils
with a sensitivity and specificity of 0.66 and 0.76 for exhaled
nitric oxide, 0.71 and 0.77 for blood eosinophils (23). These
data highlight that no single biomarker accurately reflects airway
eosinophilia and if used alone, there is a substantial risk of both
false positive and false negative diagnoses. Overall, it appears
that blood eosinophils and exhaled nitric oxide have similar

TABLE 1 | Factors, independent of asthma, influencing exhaled nitric oxide levels.

Elevated/lower level

Age Increases with age, lower normal

values in children than adults

Height Increase in taller children

Ethnicity Higher in Black than Caucasian

children

Smoke exposure (passive/active) Lower with smoke exposure

Allergic sensitization Higher in atopic patients

Gender Higher in males

Respiratory infection Lower with concurrent infection

Technique—maintaining exhalation flow

rate

Inaccurate results if flow not

maintained

Consumption of nitrite containing foods,

caffeine, alcohol

Increased values
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accuracy in reflecting sputum eosinophilia, regardless of the
asthma phenotype, while serum IgE is less accurate (24). Given
the difficulty in obtaining sputum samples and the restriction of
its use to specialist respiratory centers, currently an assessment
of sputum eosinophils is not routinely undertaken to make a
diagnosis of asthma in adults or children.

In adult patients the main use of sputum eosinophils has
been to guide management and tailoring of therapy to achieve
a reduction in exacerbations, rather than to make the diagnosis
of asthma (25). Unfortunately, to date, these results have not
been reproduced in children, perhaps because of the longitudinal
variability of sputum eosinophils counts within patients over
time (26).

Blood Eosinophils
Ablood test is easier and can routinely be performed in all clinical
settings, thus making the utility of peripheral, rather than airway
eosinophils, more attractive to help make a diagnosis of asthma
for both adults and children.

In children, several factors need to be considered prior to
the interpretation of a blood eosinophil count. Firstly, the cut-
off for normal values change with age. The range for blood
eosinophils in healthy children aged between 6 months and 13
years is between 500 and 700 cells/mcl (27). Thus, using cut-
offs of >300/mcl as suggested in numerous adult studies may be
entirely inappropriate. Another factor that must be considered
in children is the presence of atopic disease without asthma
which may result in elevated blood eosinophils without airway
eosinophilia. Therefore, if blood eosinophils are relied upon as a
biomarker in a child with eczema and wheeze, disentangling the
reason for peripheral eosinophilia is difficult and may lead to a
false positive diagnosis (28). Another issue is the impact of steroid
treatment on peripheral eosinophil count. If a child is steroid
naïve, an elevated blood eosinophil count may truly represent
airway eosinophilia, but for children on inhaled corticosteroids,
the peripheral eosinophil count may be low or normal, while an
airway eosinophilia may persist, this is especially true for children
with severe asthma (29). On balance, in school-age children with
asthma, given the number of potential caveats that may give a
result that does not truly reflect airway eosinophils and without
a cut-off for the upper limit of normal yet being established,
there is currently no evidence to support the use of blood
eosinophils as a diagnostic marker for asthma. The utility of
blood eosinophils in preschool children with wheezing to predict
asthma development and response to inhaled corticosteroids,
has been better evaluated and will be discussed below in the
section on preschool wheeze and diagnostic markers. Another
caveat to the use of peripheral blood eosinophils in children, is
the data showing correlations with airway eosinophils are based
on values during stable disease, not during exacerbation. It is
unclear whether peripheral blood eosinophils would be helpful in
making a diagnosis of asthma during an exacerbation, especially
in children, since so many acute attacks are driven by infection,
when peripheral or airway inflammation may be predominantly
neutrophilic, not eosinophilic.

Unlike the paucity of data supporting the utility of blood
eosinophils for a diagnosis of asthma in children, there is

significant evidence in adults that blood eosinophils are useful
to identify those patients who are more likely to respond
to specific therapies such as steroids or the anti-eosinophilic
monoclonocal antibodies, Mepolizumab (30) and Benralizumab
(31). However, it must be remembered that elevated blood
eosinophils only reflect a particular phenotype of asthma, that
which is predominantly driven by Th2 mediators and is likely
to be steroid responsive. Therefore, an absence of peripheral
eosinophilia does not exclude asthma. The need to consider
symptom pattern and lung function to help support a diagnosis
remains important. The use of blood eosinophils in primary
care and even as a point of care test is becoming increasingly
feasible, whereby a finger prick point of care device has been
shown to have close correlation with differential cell counts
obtained from samples by venepuncture (32). However, the most
important clinical message when interpreting blood eosinophils
for asthma diagnosis, is very high counts (>500 cells/mcl) have
a high certainty of an associated airway eosinophilia, but for
values <410 cells/mcl the relationship between blood and airway
eosinophils becomes less clear and it is important to consider the
overall clinical picture and all possible factors that might affect
blood eosinophil counts (30).

LUNG FUNCTION TESTS AND ASTHMA
DIAGNOSIS

Use of Spirometry to Diagnose
Asthma—In Adults
Perhaps the most easily accessible test that can be used to
support a diagnosis of asthma is spirometry. The presence
of an obstructive picture, with a ratio of FEV1/FVC <70%,
and associated reversibility following administration of
bronchodilator is in keeping with asthma. Although it is
assumed by most that spirometry is used to help confirm a
diagnosis of asthma in adults, its use in primary and secondary
care settings is limited. For this reason, the NICE guidelines
that have been recently published in England include spirometry
as a “must do” objective test for all patients over 5 years
old with a suspected diagnosis of asthma (https://www.nice.
org.uk/guidance/ng80). If an obstructive spirometry result is
present, then it has been recommended that all adults, aged
17 and over, should undergo a bronchodilator reversibility
test, and an improvement of ≥12% in FEV1 and an increase
in ≥200ml is considered a positive test of reversible airflow
obstruction. However, one of the key issues about the use of
spirometry to help diagnose asthma is the absolute requirement
for its correct use and interpretation (15). If this is not done,
there is a significant risk of both under and over diagnosis
(33). Interpretation of spirometry results varies even between
specialist lung function laboratories, with lack of standardization
in relation to definitions for the lower limit of normal (34).
Another issue that affects the interpretation of spirometry in
the context of an asthma diagnosis is that values may be normal
when assessed during stable disease in the clinic. The majority
of adults seen in primary care have mild disease with well-
preserved lung function. Airflow obstruction defined as a ratio
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of FEV1/FVC <70% was found in only 21% of adult patients
diagnosed with asthma in a primary care setting (35). In the
case of normal spirometry results, the NICE guidelines suggest
a two to 4 week period of peak flow monitoring and more than
20% variability in results as a positive test supportive of asthma.
The American Thoracic Society and the National Asthma
Education and Prevention Program, both recommend the use of
spirometry for the diagnosis of asthma, these recommendations
have been in place since 2007. However, an assessment of the
implementation of this recommendation by physicians for
patients with newly diagnosed asthma demonstrated that only
47% had spirometry performed within a year of the diagnosis
being made (36). Moreover, rates of use of spirometry in primary
care were only 23% and 78% of patients were prescribed asthma
drugs without previous spirometry (36). Therefore, despite
recommendations and guidelines having been introduced
for over a decade, implementation and physician practice
seems to have remained largely unaffected. This pattern seems
consistent across countries, with approximately 50% of patients
with a diagnosis of asthma ever having had spirometry in a
secondary care or specialist setting, and this value reducing
to approximately 25% in primary care (37, 38). Overall, there
is agreement among respiratory physicians that spirometry is
important in making a diagnosis of asthma in adults. However,
in practice, it is difficult to find evidence that the guidelines are
being consistently implemented. A combination of physician
education to undertake spirometry to the required standards,
emphasis of its importance and providing knowledge in
interpretation and importantly, resources and incentives to
undertake the test from primary through to specialist care, is
likely the only way it will be adopted more widely (Table 2).

Use of Spirometry to Diagnose
Asthma—In Children
Although confirmation of reversible airflow obstruction is as
important for a diagnosis of asthma in children as in adults, the
practical application of spirometry in children is even more of a
challenge (Table 2). This applies to all levels of care from primary
to specialist, because of the significant challenges of technical
expertise required to undertake reliable and reproducible tests
in children and the training and education needed by physicians
in the interpretation of the data. These issues are highlighted by
American data, which shows that although 52% of physicians
who provided primary care to children used spirometry, only
21% used spirometry according to the national guidelines and
only 35% of physicians surveyed were comfortable interpreting
the test results (39). In addition, 21% of spirometry readings were
interpreted incorrectly (40), emphasizing the need for training
and quality control prior to use of spirometry for children in
primary care. The challenges of using spirometry to diagnose
asthma in children and the improvements that can be made
following training and education of healthcare staff have been
discussed in detail elsewhere (41). Another critical issue for
children, even more prevalent than in adults, is that when
measured during stable disease, spirometry is frequently normal,
even in those with severe disease (42). The significant issues that

TABLE 2 | Advantages and challenges of the use of spirometry in making a

diagnosis of asthma in adults and children.

Advantages Challenges

Objective evidence of obstructive

airways disease

Not reliable if technically inadequate

maneuvers performed—skills to

undertake procedure and calibrate

and maintain equipment needed

Demonstration of variable airflow

obstruction if bronchodilator reversibility

also applied

Defined and agreed values for lower

normal limit needed

Minimizes over diagnosis and

misdiagnosis

Normal values do not rule out

asthma—tests of airway

hyperresponsiveness may be needed

Demonstration of reversible airflow

obstruction provides objective evidence

of asthma

Requires cooperation, cannot be

reliably performed in children under 6

years, except in specialist centers

Difficulties around agreement of lower

normal limit—need to use reference

values that allow for ethnicity

Technical expertise in obtaining a

satisfactory result is needed. Often

best results obtained with incentive

devices, which may not be available

in primary care

arise when relying on spirometry in children to make a diagnosis
of asthma have been highlighted recently in a study that assessed
the usefulness of the recent NICE guidelines in England to
accurately make a diagnosis of asthma when applied to a cohort
of children being regularly followed. Only two of 89 children
aged between 13 and 16 years, who were symptomatic met
the definition of asthma when assessed according to the NICE
diagnostic algorithm (FEV1:FVC <70%), but neither met the
epidemiological, questionnaire based definition of asthma (43).
Although a total of 10 children had FEV1:FVC <70%, 8 of those
did not have symptoms consistent with current asthma (43). The
risks of using cut-offs for airway obstruction and lower normal
limits extrapolated from adult studies have been highlighted as
a significant pitfall for the application of the pediatric NICE
guidelines in clinical practice (44).

As asthma is characterized by variable airflow obstruction,
a reduced FEV1/FVC ratio may not be present at all times,
therefore, if clinical suspicion remains, spirometry may need
to be repeated to demonstrate obstruction. Another way of
recording variation in airflow obstruction is to undertake several
measurements of peak expiratory flow rate (PEFR) at home
for 1–2 weeks. Variation of >13% suggests variable airflow
obstruction. However, correct technique must be ensured, and
this relies on patient cooperation and adherence in undertaking
the measurements (45). Demonstration of improvement in
spirometry following bronchodilator may be more sensitive in
children than detection of obstruction (46). Demonstration of
reversibility after bronchodilator had good specificity for an
asthma diagnosis (73%), but using a cut-off of 12% improvement
for children carried poor diagnostic sensitivity (35%), while a
cut-off of 8% was significantly better (47). Therefore, although
demonstration of bronchodilator reversibility is important to
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help confirm a diagnosis of asthma, but it may not be appropriate
to use a strict cut-off for improvement in children.

Reference Values for Spirometry: the
Global Lung Function Initiative (GLI)
Global, multi-ethnic all age reference equations are now available
and have been endorsed by all major international respiratory
societies (48). These are now considered the international gold
standard and offer a unified approach to the interpretation
and presentation of FEV1 and other spirometry measures. It is
essential that these reference equations are used, but specifically
in the context of demonstrating airway obstruction in children, it
must be remembered that older reference equations may produce
lower predicted values, which result in an over-estimation of lung
function when interpreted as %predicted. Therefore, the switch
to GLI-2012 will result in lower median FEV1 %predicted values
overall, as well as age-specific and individual patient differences.
Data for airway obstruction should be interpreted using the
GLI-reference values as recommended by the NICE guidelines.

PERSISTENT AIRFLOW LIMITATION AND
ASTHMA DIAGNOSIS

An important sub-group of patients thought to have asthma
may have obstructive spirometry, but without evidence of
bronchodilator reversibility. These patients have a post-
bronchodilator FEV1 and/or an FEV1/FVC less than the lower
limits of normal, or persistent airflow limitation (49). Although
this is unusual in asthma, it may still be consistent with the
diagnosis. A multi-center study of children with persistent
airflow limitation on spirometry, showed 93% of all children had
a diagnosis of asthma, this was even after other diagnoses and
co-morbidities had been excluded (49). Similarly approximately
one-third of adults screened in asthma clinics have been shown
to have persistent airflow obstruction (50). Those with persistent
airflow limitation may have more severe disease, but the most
important element prior to labeling these patients as asthma
is to refer to a specialist center to ensure other diagnoses have
been excluded.

In adults, the most common airway disease associated with
fixed airway obstruction is chronic obstructive pulmonary
disease (COPD). However, it has now been proposed that
there is a gray area of overlap between patients that have
asthma (with reversible airflow obstruction) and those with
COPD and fixed airflow obstruction. This has led to the
diagnostic label asthma-COPD overlap (ACO). Although the
term has been proposed as a valid entity, the definition and
clinical features of patients that may fit this category have
remained uncertain. It appears to be characterized by persistent
airflow limitation with several features usually associated with
asthma and several features usually associated with COPD.
There has been a published consensus definition which includes
persistent airflow limitation in symptomatic individuals 40 years
of age and older, a well-documented history of asthma in
childhood or early adulthood and a significant exposure history
to cigarette or biomass smoke (51). Overall, the diagnosis

of ACO in adults remains uncertain and a challenge (52).
This entity adds to the confusion, however, it brings back
the importance of identifying a constellation of symptoms
and looking for evidence of underlying pathophysiology, with
the approach of targeting therapy in individuals according
to “treatable traits” (2). Certainly, in children, the approach
taken is that the presence of persistent airflow limitation in
a child with presumed asthma should lead to referral to
a specialist center and the search for alternative diagnoses.
However, if no other diagnoses explain the child’s symptoms
and presentation, asthma with persistent airflow limitation is
the diagnosis and the patient should be treated as such. It is
important to remember, however, that therapy escalation to
try to reach “normal” lung function may not be appropriate,
especially if a child does not have evidence of eosinophilic
airway inflammation. A trial of steroids to try to establish
optimal lung function may be appropriate, but if there is no
improvement and the child’s symptoms are controlled, attempts
to escalate steroid medication must be resisted in this exceptional
scenario (53).

UTILITY OF LUNG FUNCTION TESTS
OTHER THAN SPIROMETRY FOR
ASTHMA DIAGNOSIS

The limitation of spirometry in children is prevalent because of
the reliance on the ability of the child to adequately perform
voluntary maneuvers. This is a particular challenge in the absence
of computer aided incentive devices (54). Alternative effort
independent lung function tests can therefore be used in children,
but none of these are available in primary or secondary care
and issues around technical competence and normal values are
even more of an issue than for spirometry, even in specialist
centers. As a result, the application of tidal breathing or effort
independent tests is currently limited predominantly to the
research setting and being tested mainly in preschool children
being assessed at specialist centers. The assessment of airway
obstruction in children with severe asthma has been reviewed
elsewhere (55) and the utility of forced oscillation technique
and impulse oscillometry for asthma diagnosis have also been
reviewed (56).

Other lung function tests that can be used include
plethysmography, multiple breath washout (to measure
lung clearance index) and airway resistance using the interruptor
technique (Rint). However, none of these are used routinely
in clinical practice, certainly none are available for use in
primary or secondary care. The test used most commonly in
specialist centers is plethysmography, however this measures
lung volumes, and the role of assessing lung volumes in asthma
diagnosis remains controversial. Although there is evidence that
lung volumes may be complementary to spirometry to assess
asthma severity (57), plethysmography alone is not routinely
used to make the diagnosis. Similarly, the other tests have been
used in small studies, especially in populations where voluntary
maneuvers cannot be reliably performed, but currently their
use remains limited to research and specialist centers, without
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obvious evidence for their role in routine clinical practice, in
either children or adults.

ASSESSMENT OF AIRWAY
HYPERRESPONSIVENESS TO DIAGNOSE
ASTHMA

As spirometry is often normal during stable disease in patients
with a clinical picture consistent with asthma, an indirect
bronchial provocation test to assess airway hyperresponsiveness
can be used to help diagnostic confirmation. Various challenge
agents can be used to induce hyperresponsiveness including
histamine, methacholine, allergens, adenosine, and mannitol.
However, the importance of optimal delivery of the inhaled
agents to the airways to ensure reproducible data are generated
has been highlighted (58). Inhaled methacholine, a direct
cholinergic agonist, to evoke concentration-dependent airway
smooth muscle contraction can be used and bronchoconstriction
at low concentrations of methacholine (typically <4 mg/mL)
suggest increased airway hyperresponsiveness. A novel method
to report responsiveness using dose rather than concentration
has recently been proposed (59). However, allergen challenge
tests can only be undertaken in specialist centers and so
are not routinely used for asthma diagnosis, but should be
undertaken in patients with a symptom constellation suggestive
of asthma, without evidence of reversible airflow obstruction
or eosinophilic airway inflammation and without response
to therapy.

In addition to inhaled challenge tests, another scenario that
may uncover bronchoconstriction, and may also be supportive of
an asthma diagnosis, is exercise. Exercise is a frequent precipitant
of asthma symptoms, however an exercise test is of particular
importance if this is the only trigger for symptoms in order
to obtain objective confirmation of true bronchoconstriction
and diagnose asthma, (60) and to exclude any contributory
upper airway symptoms including exercise induced laryngeal
obstruction which may be prevalent in both children and
adults (61, 62). Importantly, the presence of exercise induced
bronchoconstriction alone may not equate to a diagnosis of
asthma as it may occur in people without asthma, the need to
assess the complete clinical picture and airway inflammation
remains essential.

ASSESSMENTS OF ATOPY IN ASTHMA
DIAGNOSIS

Often a diagnosis of asthma is made clearer in the presence
of associated allergic diseases including eczema, allergic rhinitis
or food allergy. In children, allergic asthma is the most
common phenotype (63) and therefore assessments of allergic
sensitization, in the absence of disease manifestation, are
undertaken to help support the diagnosis. However, what
remains uncertain is how best to include tests of allergic
sensitization into diagnostic algorithms for asthma (64). The
presence of allergic sensitization, particularly to aeroallergens is
supportive of the diagnosis, but the absence of sensitization does

not rule out the disease. In school children, non-atopic asthma
is rare and should be diagnosed after careful exclusion of other
differential diagnoses (65).

The phenotype of “adult-onset asthma” is often non-atopic
(66) and therefore atopy is not as central to the diagnosis in adults
as in children. However, it must be remembered that atopy is
not an all or nothing phenomenon and must itself be quantified
in terms of severity (67). An absence of elevated specific IgE to
a limited range of allergens may not exclude atopy, moreover,
low peripheral IgE levels may not reflect low pulmonary mucosal
IgE levels as has been shown by a reduction in bronchial IgE
and associated improved lung function following omalizumab
therapy in “non-atopic” adult asthmatics (68). As for blood
eosinophils and other objective tests, the presence of allergic
sensitization and indeed associated clinical manifestation of
allergic diseases certainly supports a diagnosis of asthma in a
patient with the correct symptom constellation, but the absence
of atopy does not exclude asthma.

SHOULD WE HAVE DIAGNOSTIC
ALGORITHMS/GUIDELINES FOR
ASTHMA?

Unfortunately, we do not have a gold standard confirmatory test
for asthma, so although objective markers may be used, they still
all only provide evidence that is supportive of, or less indicative
of asthma. Ultimately, a diagnosis at present can only be
made based using a constellation of clinical features, supportive
objective tests and frequently an assessment of response to
therapy. The absence of a gold standard test, and the recognition
that asthma constitutes a disease with an array of etiologies,
phenotypes and clinical manifestations has led to the proposal
that we should now diagnose “asthma” based on symptoms, and
then identify pathological and physiological “treatable traits” to
allow targeted and personalized therapy. Although in England
the NICE guidelines have attempted to overcome the lack of
utility of any objective tests to make a diagnosis of asthma,
they remain restrictive, as the objective tests used assume the
presence of predominantly eosinophilic airway inflammation and
reversible airflow obstruction are required for the diagnosis. This
approach has the risk of being too restrictive and potential for
under diagnosis as numerous phenotypes and endotypes of the
disease display either non-eosinophilic inflammation, or airflow
limitation without obstruction. The inclusion of objective tests
is important, and it should be remembered that a single test
may not be enough to make a diagnosis, and a combination
of tests demonstrating variable airflow obstruction and airway
inflammation are needed.When applied to a cohort of 13–16 year
old children spirometry, bronchodilator reversibility and exhaled
nitric oxide were all normal in 24 of 56 children (43%) with
current asthma defined epidemiologically (physician diagnosed
asthma, current wheeze and prescribed asthma medication)
(43). Moreover, the data question the cut-offs proposed for
obstructive spirometry in children, the order in which the lung
function tests are proposed and the position of bronchodilator
reversibility within the algorithm. The authors plainly state the
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NICE algorithm should not be used for an asthma diagnosis in
children until better evidence of its utility is available (43).

DIFFERENTIAL DIAGNOSIS

Even though patients may present clinically with acute symptoms
of breathlessness and wheeze, the long list of differential
diagnoses that may cause these symptoms must be considered
before asthma is diagnosed (69). Features in the history that
are supportive of asthma include a positive family history in a
parent or sibling, a history of atopy, including eczema, allergic
rhinitis or food allergy and, for children, a symptom pattern that
incorporates symptoms with several triggers such as exercise,
cold air as well as upper respiratory infections. The important
“red flags” in the clinical history and examination that should
question the diagnosis in both children and adults have been
clearly summarized in the British Thoracic Society/ Scottish
Intercollegiate Network Guidelines (https://www.brit-thoracic.
org.uk/document-library/clinical-information/asthma/btssign-
asthma-guideline-quick-reference-guide-2016/). The initial
structured clinical assessment should be used to help decide
whether asthma is of high, intermediate or low probability.
If any doubts about the diagnosis arise, it is essential that
referral to a specialist is made prior to any diagnostic label being
applied as the high risk of misdiagnosis and over diagnosis
with the resulting undesirable consequences to the patient
and inappropriate use of resources has become increasingly
apparent (8).

SHOULD A TRIAL OF TREATMENT BE
USED TO DIAGNOSE ASTHMA?

Given the difficulties associated with the absence of a gold
standard diagnostic test for asthma, and especially in
children, difficulties around appropriate lung function tests
and assessments of airway inflammation, it has been argued that
the only way to confirm the diagnosis is to assess response to
a trial of asthma medication. However, this approach carries a
significant risk of a misdiagnosis with the associated problems
of inappropriate therapy. This is even more of a concern now
since the BTS/SIGN guidance for the management of asthma
suggests as required short acting bronchodilators should not
be the starting point of treatment, but all patients should be
commenced on anti-inflammatory treatment with low dose
regular inhaled corticosteroids (70). Whenever possible, the
diagnostic tests that have been outlined thus far to try to
identify “treatable traits” such as evidence of eosinophilic airway
inflammation and reversible airflow obstruction should be
undertaken. This applies equally to children and adults. The
concern is that a response of symptoms to a trial of therapy does
not make a diagnosis. Indeed, a trial of therapy is not part of
the diagnostic algorithm proposed by NICE in England (71).
If a child or adult presents acutely with wheeze, then it is a
priority to treat the symptoms and not wait for objective tests.
However, once symptoms have been controlled, even if empirical
maintenance therapy such as inhaled corticosteroids have been

commenced, it remains important to undertake some objective
testing once the patient is stable to help to confirm the diagnosis.

SPECIFIC CONSIDERATIONS

Diagnosing Asthma at the Extremes of Age
Preschool Wheeze
Making a diagnosis of asthma in preschool children is a huge
challenge because objective tests of airway inflammation and
lung function are either invasive (broncho-alveolar lavage for
inflammation) or require voluntary maneuvers and cooperation
(spirometry). In addition, children under 5 years old have
phenotypes of wheezing that are distinct from allergic asthma.
Some only wheeze with respiratory infections in acute episodes
and others may have persistent symptoms during and in between
episodes. The diagnostic term preschool wheeze is therefore used
in preference to asthma for children under 5 years old. Guidelines
and recommendations for diagnosis and management have been
published (72, 73). Diagnosis currently relies predominantly
on confirmation of wheeze (doctor diagnosed wheeze), history
and symptom pattern (which relies on accurate parental
recall) and tests of atopy. However, the pitfalls of relying
predominantly on subjective markers to make a diagnosis and
direct management have been highlighted (74). Increasing efforts
are being made to identify biomarkers to help guide management
in preschool wheezers. The most promising is recent evidence
of children with aero-allergen sensitization and elevated blood
eosinophils as differential responders to maintenance inhaled
corticosteroids (75). The role of respiratory infection (both
viral and bacterial) and neutrophilic airway inflammation in
mediating symptoms is being increasingly recognized in this
age group (76), but biomarkers that distinguish children with
predominant eosinophilic and allergic airways disease compared
to those with infection driven disease are currently lacking.

Asthma in the Elderly
It is important to recognize the impact of aging on lung
physiology when diagnosing asthma in the elderly. Specifically,
because aging impacts respiratory mechanics, the fixed threshold
of <0.70 for the ratio FEV1 to FVC frequently misclassifies
normal-for-age spirometry as airflow obstruction. Such
misclassification can occur in otherwise asymptomatic never-
smokers, starting at about age 45–50 (77). It is not fully
understood how FeNO varies with age in healthy individuals.
One study has demonstrated three distinct phases in the
evolution of FeNO throughout the age range 6–80 years
(78). FeNO values increased linearly between 6 and 14 years
of age in girls and between 6 and 16 years of age in boys.
After that, FeNO levels plateaued in both genders until age
45 years in females and age 59 years in males, when they
started to increase linearly again. This increase continued
until age 80.

Smoking and Asthma Diagnosis
A smoking history should always be obtained as regardless of
the underlying disease smoking cessation advice should be given.
Current or past smoking, conventionally at least a 20 pack
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year history, opens up the potential diagnosis of a smoking
asthmatic, COPD or ACO. To a certain extent these labels
are arbritary and of more importance is the identification of
underlying treatable traits (79). Active smoking will lower FeNO
measurements (80) and any trial of treatment with either ICS
or OCS may be affected by the impact of smoking on the
mechanism of action of corticosteroids (81). Current smoking
should not have any impact on blood eosinophils, spirometry, or
bronchodilator reversibility.

Occupational Asthma
Asthma either caused by occupation or aggravated by occupation
should always be considered in people diagnosed with asthma
during their working lives. Studies have suggested that up to
10% of people diagnosed with asthma in adult life have an
occupational cause (82). Occupational asthma can be simply
screened for in primary care by asking whether asthma symptoms
improve at the weekend or when on holiday (83). If the answer
to either of these questions is yes then a full occupational
history including exposures should be obtained. The diagnosis of
occupational asthma is extremely important given that moving
away from the relevant exposure may allow for their asthma to
be cured, providing that this occurs in a timely fashion. Everyone
with occupational asthma should be referred to a specialist
occupational lung disease unit who will perform detailed peak
flow monitoring, potentially skin prick tests for the relevant
allergens and on occasion challenge testing.

SUMMARY

There is definite consensus among adult physicians and
pediatricians that asthma is a heterogeneous disease underpinned
by numerous pathophysiological mechanisms. It is no longer
acceptable tomake a diagnosis in a patient of any age simply from
a history and physical examination and by assessing a response
to a trial of therapy. Young preschool aged children may not
be able to undertake tests of lung function and inflammation
that require voluntary maneuvers, but they can have assessments
of atopy and blood eosinophils to help make a diagnosis and
guide therapy. Children and adults above 5 years should all have
at least some objective confirmation to support the diagnosis
using lung function tests and non-invasive assessments of airway
inflammation using exhaled nitric oxide. These tests can be
undertaken in a primary or secondary care setting providing
adequate education and training in the use and interpretation of
the equipment is made available to health professionals. There
is no gold standard test, but we now know that to avoid under
diagnosis, over diagnosis and misdiagnosis, it is essential to
undertake objective tests to support a diagnosis of asthma and
to identify treatable traits of the airway disease.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

REFERENCES

1. Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. Lancet. (2018)

391:783–800. doi: 10.1016/S0140-6736(17)33311-1

2. Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle G, et al.

After asthma: redefining airways diseases. Lancet. (2018) 391:350–400.

doi: 10.1016/S0140-6736(17)30879-6

3. Becker AB, Abrams EM. Asthma guidelines: the Global Initiative for Asthma

in relation to national guidelines. Curr Opin Allergy Clin Immunol. (2017)

17:99–103. doi: 10.1097/ACI.0000000000000346

4. Patel SP, Jarvelin MR, Little MP. Systematic review of worldwide variations

of the prevalence of wheezing symptoms in children. Environ Health. (2008)

7:57. doi: 10.1186/1476-069X-7-57

5. Spurgeon D. One third of diagnoses of asthma in Canada are wrong, study

finds. BMJ. (2008) 337:a2665. doi: 10.1136/bmj.a2665

6. Stanbrook MB, Kaplan A. The error of not measuring asthma. CMAJ. (2008)

179:1099–102. doi: 10.1503/cmaj.081665

7. Pakhale S, Sumner A, Coyle D, Vandemheen K, Aaron S. (Correcting)

misdiagnoses of asthma: a cost effectiveness analysis. BMC Pulmonary Med.

(2011) 11:27. doi: 10.1186/1471-2466-11-27

8. Aaron SD, Vandemheen KL, FitzGerald JM, Ainslie M, Gupta S,

Lemiere C, et al. Reevaluation of diagnosis in adults with physician-

diagnosed asthma. JAMA. (2017) 317:269–79. doi: 10.1001/jama.2016.

19627

9. MacNeil J, Loves RH, Aaron SD. Addressing the misdiagnosis of asthma in

adults: where does it go wrong? Expert Rev Respir Med. (2016) 10:1187–98.

doi: 10.1080/17476348.2016.1242415

10. Thorley J. NICE issues draft guideline for asthma diagnosis. Lancet Respir

Med. (2015) 3:184. doi: 10.1016/S2213-2600(15)00038-7

11. Keeley D, Baxter N. Conflicting asthma guidelines cause confusion in primary

care. BMJ. (2018) 360:k29. doi: 10.1136/bmj.k29

12. Barnes PJ, Dweik RA, Gelb AF, Gibson PG, George SC, Grasemann H, et al.

Exhaled nitric oxide in pulmonary diseases: a comprehensive review. Chest.

(2010) 138:682–92. doi: 10.1378/chest.09-2090

13. Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg JO, et al.

An official ATS clinical practice guideline: interpretation of exhaled nitric

oxide levels (FENO) for clinical applications. Am J Respir Crit Care Med.

(2011) 184:602–15. doi: 10.1164/rccm.9120-11ST

14. Guo Z, Wang Y, Xing G, Wang X. Diagnostic accuracy of fractional exhaled

nitric oxide in asthma: a systematic review and meta-analysis of prospective

studies. J Asthma. (2016) 53:404–12. doi: 10.3109/02770903.2015.1101132

15. Garcia-Marcos L, Edwards J, Kennington E, Aurora P, Baraldi E, Carraro

S, et al. Priorities for future research into asthma diagnostic tools:

a PAN-EU consensus exercise from the European asthma research

innovation partnership (EARIP). Clin Exp Allergy. (2018) 48:104–20.

doi: 10.1111/cea.13080

16. Harnan S, Essat M, Gomersall T, Tappenden P, Wong R, Lawson

R, et al. Exhaled nitric oxide for the diagnosis of asthma in adults

and children: a systematic review. Value Health. (2015) 18:A345.

doi: 10.1016/j.jval.2015.09.607

17. Peirsman EJ, Carvelli TJ, Hage PY, Hanssens LS, Pattyn L, Raes MM, et al.

Exhaled nitric oxide in childhood allergic asthma management: a randomised

controlled trial. Pediatr Pulmonol. (2014) 49:624–31. doi: 10.1002/ppul.22873

18. Sivan Y, Gadish T, Fireman E, Soferman R. The use of exhaled nitric oxide

in the diagnosis of asthma in school children. J Pediatr. (2009) 155:211–6.

doi: 10.1016/j.jpeds.2009.02.034

19. Paraskakis E, Brindicci C, Fleming L, Krol R, Kharitonov SA, Wilson NM,

et al. Measurement of bronchial and alveolar nitric oxide production in

normal children and children with asthma. Am J Respir Crit Care Med. (2006)

174:260–7. doi: 10.1164/rccm.200506-962OC

20. Sordillo JE, Webb T, Kwan D, Kamel J, Hoffman E, Milton DK, et al. Allergen

exposure modifies the relation of sensitization to fraction of exhaled nitric

Frontiers in Pediatrics | www.frontiersin.org 9 April 2019 | Volume 7 | Article 148

https://doi.org/10.1016/S0140-6736(17)33311-1
https://doi.org/10.1016/S0140-6736(17)30879-6
https://doi.org/10.1097/ACI.0000000000000346
https://doi.org/10.1186/1476-069X-7-57
https://doi.org/10.1136/bmj.a2665
https://doi.org/10.1503/cmaj.081665
https://doi.org/10.1186/1471-2466-11-27
https://doi.org/10.1001/jama.2016.19627
https://doi.org/10.1080/17476348.2016.1242415
https://doi.org/10.1016/S2213-2600(15)00038-7
https://doi.org/10.1136/bmj.k29
https://doi.org/10.1378/chest.09-2090
https://doi.org/10.1164/rccm.9120-11ST
https://doi.org/10.3109/02770903.2015.1101132
https://doi.org/10.1111/cea.13080
https://doi.org/10.1016/j.jval.2015.09.607
https://doi.org/10.1002/ppul.22873
https://doi.org/10.1016/j.jpeds.2009.02.034
https://doi.org/10.1164/rccm.200506-962OC
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Saglani and Menzie-Gow Asthma Diagnosis

oxide levels in children at risk for allergy and asthma. J Allergy Clin Immunol.

(2011) 127:1165–72.e1165. doi: 10.1016/j.jaci.2011.01.066

21. Rao DR, Phipatanakul W. An overview of fractional exhaled nitric oxide

and children with asthma. Expert Rev Clin Immunol. (2016) 12:521–30.

doi: 10.1586/1744666X.2016.1141049

22. Yancey SW, Keene ON, Albers FC, Ortega H, Bates S, Bleecker ER, et al.

Biomarkers for severe eosinophilic asthma. J Allergy Clin Immunol. (2017)

140:1509–18. doi: 10.1016/j.jaci.2017.10.005

23. Korevaar DA, Westerhof GA, Wang J, Cohen JF, Spijker R, Sterk PJ, et al.

Diagnostic accuracy of minimally invasive markers for detection of airway

eosinophilia in asthma: a systematic review and meta-analysis. Lancet Respir

Med. (2015) 3:290–300. doi: 10.1016/S2213-2600(15)00050-8

24. Westerhof GA, Korevaar DA, Amelink M, de Nijs SB, de Groot JC, Wang J,

et al. Biomarkers to identify sputum eosinophilia in different adult asthma

phenotypes. Eur Respir J. (2015) 46:688–96. doi: 10.1183/09031936.00012415

25. Petsky HL, Kew KM, Turner C, Chang AB. Exhaled nitric oxide levels to

guide treatment for adults with asthma. Cochrane Database Syst Rev. (2016)

9:CD011440. doi: 10.1002/14651858.CD011440.pub2

26. Fleming L, Tsartsali L, Wilson N, Regamey N, Bush A. Longitudinal

relationship between sputum eosinophils and exhaled nitric oxide in

children with asthma. Am J Respir Crit Care Med. (2013) 188:400–2.

doi: 10.1164/rccm.201212-2156LE

27. Aldrimer M, Ridefelt P, Rodoo P, Niklasson F, Gustafsson J, Hellberg

D. Population-based pediatric reference intervals for hematology,

iron and transferrin. Scand J Clin Lab Invest. (2013) 73:253–61.

doi: 10.3109/00365513.2013.769625

28. Arbes SJ Jr., Calatroni A, Mitchell HE, Gergen PJ. Age-dependent interaction

between atopy and eosinophils in asthma cases: results from NHANES 2005–

2006. Clin Exp Allergy. (2013) 43:544–51. doi: 10.1111/cea.12069

29. Ullmann N, Bossley CJ, Fleming L, Silvestri M, Bush A, Saglani S. Blood

eosinophil counts rarely reflect airway eosinophilia in children with severe

asthma. Allergy. (2013) 68:402–6. doi: 10.1111/all.12101

30. van Bragt J, Vijverberg SJH, Weersink EJM, Richards LB, Neerincx AH,

Sterk PJ, et al. Blood biomarkers in chronic airways diseases and their role

in diagnosis and management. Expert Rev Respir Med. (2018) 12:361–74.

doi: 10.1080/17476348.2018.1457440

31. FitzGerald JM, Bleecker ER, Menzies-Gow A, Zangrilli JG, Hirsch I,

Metcalfe P, et al. Predictors of enhanced response with benralizumab for

patients with severe asthma: pooled analysis of the SIROCCO and CALIMA

studies. Lancet Respir Med. (2018) 6:51–64. doi: 10.1016/S2213-2600(17)3

0344-2

32. Hambleton K, Connolly CM, Borg C, Davies JH, Jeffers HP, Russell RE,

et al. Comparison of the peripheral blood eosinophil count using near-patient

testing and standard automated laboratorymeasurement in healthy, asthmatic

and COPD subjects. Int J Chronic Obstruct Pulmonary Dis. (2017) 12:2771–5.

doi: 10.2147/COPD.S147216

33. Gershon AS, Victor JC, Guan J, Aaron SD, To T. Pulmonary function testing

in the diagnosis of asthma: a population study. Chest. (2012) 141:1190–6.

doi: 10.1378/chest.11-0831

34. Holt NR, Thompson BR, Miller B, Borg BM. Substantial variation exists in

spirometry interpretation practices for airflow obstruction in accredited lung

function laboratories across Australian andNew Zealand. InternMed J. (2018)

49:41–7. doi: 10.1111/imj.14047

35. Lusuardi M, De Benedetto F, Paggiaro P, Sanguinetti CM, Brazzola G, Ferri

P, et al. A randomized controlled trial on office spirometry in asthma and

COPD in standard general practice: data from spirometry in Asthma and

COPD: a comparative evaluation Italian study. Chest. (2006) 129:844–52.

doi: 10.1378/chest.129.4.844

36. Sokol KC, Sharma G, Lin YL, Goldblum RM. Choosing wisely: adherence

by physicians to recommended use of spirometry in the diagnosis

and management of adult asthma. Am J Med. (2015) 128:502–8.

doi: 10.1016/j.amjmed.2014.12.006

37. CloutierMM, Salo PM, Akinbami LJ, Cohn RD,Wilkerson JC, Diette GB, et al.

Clinician agreement, self-efficacy, and adherence with the guidelines for the

diagnosis and management of asthma. J Allergy Clin Immunol Pract. (2018)

6:886–94.e4. doi: 10.1016/j.jaip.2018.01.018

38. Heffler E, Crimi C, Mancuso S, Campisi R, Puggioni F, Brussino L,

et al. Misdiagnosis of asthma and COPD and underuse of spirometry

in primary care unselected patients. Respir Med. (2018) 142:48–52.

doi: 10.1016/j.rmed.2018.07.015

39. Dombkowski KJ, Hassan F, Wasilevich EA, Clark SJ. Spirometry use

among pediatric primary care physicians. Pediatrics. (2010) 126:682–7.

doi: 10.1542/peds.2010-0362

40. Zanconato S, Meneghelli G, Braga R, Zacchello F, Baraldi E. Office spirometry

in primary care pediatrics: a pilot study. Pediatrics. (2005) 116:e792–7.

doi: 10.1542/peds.2005-0487

41. Ayuk AC, Uwaezuoke SN, Ndukwu CI, Ndu IK, Iloh KK, Okoli CV.

Spirometry in asthma care: a review of the trends and challenges in

pediatric practice. Clin Med Insights Pediatr. (2017) 11:1179556517720675.

doi: 10.1177/1179556517720675

42. Bush A, Fleming L, Saglani S. Severe asthma in children. Respirology. (2017)

22:886–97. doi: 10.1111/resp.13085

43. Murray C, Foden P, Lowe L, Durrington H, Custovic A, Simpson A. Diagnosis

of asthma in symptomatic children based on measures of lung function: an

analysis of data from a population-based birth cohort study. Lancet Child

Adolescent Health. (2017) 1:114–23. doi: 10.1016/S2352-4642(17)30008-1

44. Latzin P, Fuchs O. Asthma diagnosis in children: more

evidence needed. Lancet Child Adolesc Health. (2017) 1:83–5.

doi: 10.1016/S2352-4642(17)30019-6

45. Brigham EP, West NE. Diagnosis of asthma: diagnostic testing. Int Forum

Allergy Rhinol. (2015) 5 (Suppl 1):S27–30. doi: 10.1002/alr.21597

46. Vilozni D, Hakim F, Livnat G, Ofek M, Bar-Yoseph R, Bentur L. Assessment

of airway bronchodilation by spirometry compared to airway obstruction

in young children with asthma. Can Respir J. (2016) 2016:5394876.

doi: 10.1155/2016/5394876

47. Tse SM, Gold DR, Sordillo JE, Hoffman EB, Gillman MW, Rifas-Shiman SL,

et al. Diagnostic accuracy of the bronchodilator response in children. J Allergy

Clin Immunol. (2013) 132:554–9.e555. doi: 10.1016/j.jaci.2013.03.031

48. Quanjer PH, Hall GL, Stanojevic S, Cole TJ, Stocks J. Age- and height-

based prediction bias in spirometry reference equations. Eur Respir J. (2012)

40:190–7. doi: 10.1183/09031936.00161011

49. Krishnan S, Dozor AJ, Bacharier L, Lang JE, Irvin CG, Kaminsky D, et al.

Clinical characterization of children with resistant airflow obstruction, a

multicenter study. J Asthma. (2018) doi: 10.1080/02770903.2018.1477956.

[Epub ahead of print].

50. Konstantellou E, Papaioannou AI, Loukides S, Patentalakis G, Papaporfyriou

A, Hillas G, et al. Persistent airflow obstruction in patients with asthma:

characteristics of a distinct clinical phenotype. Respir Med. (2015) 109:1404–9.

doi: 10.1016/j.rmed.2015.09.009

51. Sin DD, Miravitlles M, Mannino DM, Soriano JB, Price D, Celli BR,

et al. What is asthma-COPD overlap syndrome? Towards a consensus

definition from a round table discussion. Eur Respir J. (2016) 48:664–73.

doi: 10.1183/13993003.00436-2016

52. Leung JM, Sin DD. Asthma-COPD overlap syndrome: pathogenesis,

clinical features, and therapeutic targets. BMJ. (2017) 358:j3772.

doi: 10.1136/bmj.j3772

53. Bush A, Saglani S. Management of severe asthma in children. Lancet. (2010)

376:814–25. doi: 10.1016/S0140-6736(10)61054-9

54. Beydon N. Pulmonary function testing in young children. Paediatr Respir Rev.

(2009) 10:208–13. doi: 10.1016/j.prrv.2009.03.001

55. Calogero C, Fenu G, Lombardi E. Measuring airway obstruction in severe

asthma in children. Front Pediatr. (2018) 6:189. doi: 10.3389/fped.2018.00189

56. Galant SP, Komarow HD, Shin HW, Siddiqui S, Lipworth BJ. The

case for impulse oscillometry in the management of asthma in

children and adults. Ann Allergy Asthma Immunol. (2017) 118:664–71.

doi: 10.1016/j.anai.2017.04.009

57. Luo J, Liu D, Chen G, Liang B, Liu C. Clinical roles of lung volumes

detected by body plethysmography and helium dilution in asthmatic

patients: a correlation and diagnosis analysis. Sci Rep. (2017) 7:40870.

doi: 10.1038/srep40870

58. Lexmond AJ, Singh D, Frijlink HW, Clarke GW, Page CP, Forbes B, et al.

Realising the potential of various inhaled airway challenge agents through

improved delivery to the lungs. Pulmonary Pharmacol Therapeut. (2018)

49:27–35. doi: 10.1016/j.pupt.2018.01.004

59. Davis BE, Simonson SK, Blais CM, Cockcroft DW.

Methacholine challenge testing: a novel method for measuring

Frontiers in Pediatrics | www.frontiersin.org 10 April 2019 | Volume 7 | Article 148

https://doi.org/10.1016/j.jaci.2011.01.066
https://doi.org/10.1586/1744666X.2016.1141049
https://doi.org/10.1016/j.jaci.2017.10.005
https://doi.org/10.1016/S2213-2600(15)00050-8
https://doi.org/10.1183/09031936.00012415
https://doi.org/10.1002/14651858.CD011440.pub2
https://doi.org/10.1164/rccm.201212-2156LE
https://doi.org/10.3109/00365513.2013.769625
https://doi.org/10.1111/cea.12069
https://doi.org/10.1111/all.12101
https://doi.org/10.1080/17476348.2018.1457440
https://doi.org/10.1016/S2213-2600(17)30344-2
https://doi.org/10.2147/COPD.S147216
https://doi.org/10.1378/chest.11-0831
https://doi.org/10.1111/imj.14047
https://doi.org/10.1378/chest.129.4.844
https://doi.org/10.1016/j.amjmed.2014.12.006
https://doi.org/10.1016/j.jaip.2018.01.018
https://doi.org/10.1016/j.rmed.2018.07.015
https://doi.org/10.1542/peds.2010-0362
https://doi.org/10.1542/peds.2005-0487
https://doi.org/10.1177/1179556517720675
https://doi.org/10.1111/resp.13085
https://doi.org/10.1016/S2352-4642(17)30008-1
https://doi.org/10.1016/S2352-4642(17)30019-6
https://doi.org/10.1002/alr.21597
https://doi.org/10.1155/2016/5394876
https://doi.org/10.1016/j.jaci.2013.03.031
https://doi.org/10.1183/09031936.00161011
https://doi.org/10.1080/02770903.2018.1477956
https://doi.org/10.1016/j.rmed.2015.09.009
https://doi.org/10.1183/13993003.00436-2016
https://doi.org/10.1136/bmj.j3772
https://doi.org/10.1016/S0140-6736(10)61054-9
https://doi.org/10.1016/j.prrv.2009.03.001
https://doi.org/10.3389/fped.2018.00189
https://doi.org/10.1016/j.anai.2017.04.009
https://doi.org/10.1038/srep40870
https://doi.org/10.1016/j.pupt.2018.01.004
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Saglani and Menzie-Gow Asthma Diagnosis

PD20. Chest. (2017) 152:1251–7. doi: 10.1016/j.chest.2017.

09.001

60. Aggarwal B, Mulgirigama A, Berend N. Exercise-induced

bronchoconstriction: prevalence, pathophysiology, patient impact,

diagnosis and management. NPJ Primary Care Respir Med. (2018) 28:31.

doi: 10.1038/s41533-018-0098-2

61. Buchvald F, Phillipsen LD, Hjuler T, Nielsen KG. Exercise-induced

inspiratory symptoms in school children. Pediatr Pulmonol. (2016) 51:1200–5.

doi: 10.1002/ppul.23530

62. Walsted ES, Hull JH, Sverrild A, Porsbjerg C, Backer V. Bronchial provocation

testing does not detect exercise-induced laryngeal obstruction. J Asthma.

(2017) 54:77–83. doi: 10.1080/02770903.2016.1195843

63. Martinez FD, Vercelli D. Asthma. Lancet. (2013) 382:1360–72.

doi: 10.1016/S0140-6736(13)61536-6

64. Oksel C, Custovic A. Development of allergic sensitization and its relevance

to paediatric asthma. Curr Opin Allergy Clin Immunol. (2018) 18:109–16.

doi: 10.1097/ACI.0000000000000430

65. Strina A, Barreto ML, Cooper PJ, Rodrigues LC. Risk factors for non-

atopic asthma/wheeze in children and adolescents: a systematic review. Emerg

Themes Epidemiol. (2014) 11:5. doi: 10.1186/1742-7622-11-5

66. de Nijs SB, Venekamp LN, Bel EH. Adult-onset asthma: is it really different?

Eur Respir Rev. (2013) 22:44–52. doi: 10.1183/09059180.00007112

67. Marinho S, Simpson A, Marsden P, Smith JA, Custovic A. Quantification of

atopy, lung function and airway hypersensitivity in adults. Clin Transl Allergy.

(2011) 1:16. doi: 10.1186/2045-7022-1-16

68. Pillai P, Chan YC, Wu SY, Ohm-Laursen L, Thomas C, Durham

SR, et al. Omalizumab reduces bronchial mucosal IgE and improves

lung function in non-atopic asthma. Eur Respir J. (2016) 48:1593–601.

doi: 10.1183/13993003.01501-2015

69. McCracken JL, Veeranki SP, Ameredes BT, Calhoun WJ. Diagnosis and

management of asthma in adults: a review. JAMA. (2017) 318:279–90.

doi: 10.1001/jama.2017.8372

70. British Guideline on the Management of Asthma. (2016). Available online

at: https://wwwbrit-thoracicorguk/document-library/clinical-information/

asthma/btssign-asthma-guideline-quick-reference-guide-2016/ (accessed

January 15, 2019).

71. NIH. Asthma: Diagnosis and Monitoring of Asthma in Adults, Children

and Young People. London: National Institute for Health and Care

Excellence (2017).

72. Brand PL, Baraldi E, Bisgaard H, Boner AL, Castro-Rodriguez JA, Custovic

A, et al. Definition, assessment and treatment of wheezing disorders in

preschool children: an evidence-based approach. EurRespir J. (2008) 32:1096–

110. doi: 10.1183/09031936.00002108

73. Brand PL, Caudri D, Eber E, Gaillard EA, Garcia-Marcos L, Hedlin G, et al.

Classification and pharmacological treatment of preschool wheezing: changes

since 2008. Eur Respir J. (2014) 43:1172–7. doi: 10.1183/09031936.00199913

74. Bush A, Grigg J, Saglani S. Managing wheeze in preschool children. BMJ.

(2014) 348:g15. doi: 10.1136/bmj.g15

75. Fitzpatrick AM, Jackson DJ, Mauger DT, Boehmer SJ, Phipatanakul

W, Sheehan WJ, et al. Individualized therapy for persistent asthma

in young children. J Allergy Clin Immunol. (2016) 138:1608–18.e1612.

doi: 10.1016/j.jaci.2016.09.028

76. Kwong CG, Bacharier LB. Microbes and the role of antibiotic treatment

for wheezy lower respiratory tract illnesses in preschool children.

Curr Allergy Asthma Rep. (2017) 17:34. doi: 10.1007/s11882-017-

0701-6

77. Skloot GS, Busse PJ, Braman SS, Kovacs EJ, Dixon AE, Vaz Fragoso

CA, et al. An Official American Thoracic Society Workshop Report:

evaluation and management of asthma in the elderly. Ann Am

Thoracic Soc. (2016) 13:2064–77. doi: 10.1513/AnnalsATS.201608-

658ST

78. Jacinto T, Malinovschi A, Janson C, Fonseca J, Alving K. Evolution of

exhaled nitric oxide levels throughout development and aging of healthy

humans. J Breath Res. (2015) 9:036005. doi: 10.1088/1752-7155/9/3/0

36005

79. Agusti A, Bel E, Thomas M, Vogelmeier C, Brusselle G, Holgate S, et al.

Treatable traits: toward precision medicine of chronic airway diseases. Eur

Respir J. (2016) 47:410–9. doi: 10.1183/13993003.01359-2015

80. Habib SS, Ahmed SM, Al Drees AM, Husain A. Effect of cigarette smoking

on fractional exhaled nitric oxide in Saudi medical college students. JPMA.

(2011) 61:120–3.

81. Chalmers GW, Macleod KJ, Little SA, Thomson LJ, McSharry CP,

Thomson NC. Influence of cigarette smoking on inhaled corticosteroid

treatment in mild asthma. Thorax. (2002) 57:226–30. doi: 10.1136/thorax.57.

3.226

82. Ghosh RE, Cullinan P, Fishwick D, Hoyle J, Warburton CJ, Strachan DP, et al.

Asthma and occupation in the 1958 birth cohort. Thorax. (2013) 68:365–71.

doi: 10.1136/thoraxjnl-2012-202151

83. Fishwick D, Barber C, Walker S, Scott A. Asthma in the workplace: a case-

based discussion and review of current evidence. Primary Care Respir J. (2013)

22:244–8. doi: 10.4104/pcrj.2013.00038

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Saglani andMenzie-Gow. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 11 April 2019 | Volume 7 | Article 148

https://doi.org/10.1016/j.chest.2017.09.001
https://doi.org/10.1038/s41533-018-0098-2
https://doi.org/10.1002/ppul.23530
https://doi.org/10.1080/02770903.2016.1195843
https://doi.org/10.1016/S0140-6736(13)61536-6
https://doi.org/10.1097/ACI.0000000000000430
https://doi.org/10.1186/1742-7622-11-5
https://doi.org/10.1183/09059180.00007112
https://doi.org/10.1186/2045-7022-1-16
https://doi.org/10.1183/13993003.01501-2015
https://doi.org/10.1001/jama.2017.8372
https://wwwbrit-thoracicorguk/document-library/clinical-information/asthma/btssign-asthma-guideline-quick-reference-guide-2016/
https://wwwbrit-thoracicorguk/document-library/clinical-information/asthma/btssign-asthma-guideline-quick-reference-guide-2016/
https://doi.org/10.1183/09031936.00002108
https://doi.org/10.1183/09031936.00199913
https://doi.org/10.1136/bmj.g15
https://doi.org/10.1016/j.jaci.2016.09.028
https://doi.org/10.1007/s11882-017-0701-6
https://doi.org/10.1513/AnnalsATS.201608-658ST
https://doi.org/10.1088/1752-7155/9/3/036005
https://doi.org/10.1183/13993003.01359-2015
https://doi.org/10.1136/thorax.57.3.226
https://doi.org/10.1136/thoraxjnl-2012-202151
https://doi.org/10.4104/pcrj.2013.00038
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Approaches to Asthma Diagnosis in Children and Adults
	Introduction
	The Basics Need to be Correct Regardless of Patient Age
	History and Examination

	Incorporating Objective Tests to Make a Diagnosis of Asthma: is it Necessary?
	Tests to Assess Airway Inflammation in Asthma Diagnosis
	Use of Exhaled Nitric Oxide to Diagnose Asthma—In Adults
	Use of Exhaled Nitric Oxide to Diagnose Asthma—In Children
	Sputum Eosinophils
	Blood Eosinophils

	Lung Function Tests and Asthma Diagnosis
	Use of Spirometry to Diagnose Asthma—In Adults
	Use of Spirometry to Diagnose Asthma—In Children
	Reference Values for Spirometry: the Global Lung Function Initiative (GLI)

	Persistent Airflow Limitation and Asthma Diagnosis
	Utility of Lung Function Tests Other Than Spirometry for Asthma Diagnosis
	Assessment of Airway Hyperresponsiveness to Diagnose Asthma
	Assessments of Atopy in Asthma Diagnosis
	Should we Have Diagnostic Algorithms/Guidelines for Asthma?
	Differential Diagnosis
	Should a Trial of Treatment be Used to Diagnose Asthma?
	Specific Considerations
	Diagnosing Asthma at the Extremes of Age Preschool Wheeze
	Asthma in the Elderly
	Smoking and Asthma Diagnosis
	Occupational Asthma

	Summary
	Author Contributions
	References


