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Abstract

Asthma is a common condition in children. This review describes the evidence from the literature and
international asthma guidelines for using fractional exhaled nitric oxide (Fgno) in the diagnosis and
monitoring of childhood asthma. The accuracy of Frno measuring devices could be further improved, the
difference in Fgno results between devices are equivalent to what is considered a clinically important
difference. For diagnosing asthma no guideline currently recommends Fgno is used as the first test, but
many recommend Fgno as part of a series of tests. A cut-off of 35 ppb is widely recommended as being
supportive of an asthma diagnosis, but evidence from children at risk of asthma suggests that a lower
threshold of 25 ppb may be more appropriate. Nine randomised clinical trials including 1885 children have
added Fgyno to usual asthma care and find that exacerbations are reduced when care is guided by Fgno
(OR for exacerbation compared to usual care 0.77, 95% CI 0.62-0.94). What is not clear is what cut-off(s)
of Fgno should be used to trigger a change in treatment. After 30 years of intensive research there is not
sufficient evidence to recommend Fgno for routine diagnosing and monitoring asthma in children.

Educational aims

» To give the reader an overview of literature that supports and does not support the role of Fgyo in
diagnosing asthma in children.

» To give the reader an overview of literature that supports and does not support the role of Fgyo in
monitoring asthma in children.

» To give the reader an understanding of the role of Fgyo in international guidelines for diagnosing and
monitoring asthma in children.

Introduction

Childhood asthma is a condition with complex underlying mechanisms and is characterised by symptoms
of cough and wheeze and difficulty in breathing [1]. The aetiology of asthma remains uncertain and seems
likely to involve interactions between genetic and environmental factors, resulting in a spectrum of
different clinical presentations with common symptoms and which respond to similar treatment [2].
Asthma affects millions of children around the world [3, 4], causes morbidity by disrupting sleep and
limiting activities, and can be life-threatening when symptoms are severe during an asthma exacerbation.
There is no cure for asthma, but there are effective treatments to prevent symptoms and exacerbations.
Despite being so common, there is no universally accepted definition of asthma and no single test for
diagnosing or monitoring symptoms.
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Childhood-onset asthma is associated with diagnoses of eczema, hayfever and food allergies, and
individuals with childhood-onset asthma characteristically have an immune system where T-helper type 2
(Th2) cells [5] predominate. These Th2 cells preferentially release mediators, including interleukin (IL)-4,
IL-5 and IL-13, which are implicated in causing the pathological findings seen in the airways of children
with asthma, e.g. airway eosinophilia.

Airway eosinophilia is considered a key feature of childhood asthma, and therefore a potential objective
outcome which could support asthma diagnosis, monitoring and treatment. Airway eosinophilia is
determined from airway biopsy or from induced sputum, but neither of these is readily available in
children, which severely limits their application to routine clinical practice. Fractional exhaled nitric oxide
(Feno) is positively correlated to airway eosinophilia in both airway mucosal biopsies [6] and induced
sputum [7-9], can be measured in the clinical setting, without discomfort to the patient, results are
available within a minute and all at a reasonable price [10].

Nitric oxide (NO) is a diatomic molecule which was considered as an air pollutant until the 1980s when it
was recognised as having multiple key roles in both health and illness, most notably as being synonymous
with “endothelial derived relaxing factor” and explaining why glycerine trinitrate was an effective treatment
for angina. By the time NO was voted molecule of the year in 1992 it was seen as being key to multiple
roles in health and disease including causing vasodilation, smooth muscle hypertrophy and reducing platelet
adhesion. A family of enzymes called nitric oxide synthases (NOS) produce NO; constitutional NOS
produces NO for physiological purposes and NO associated with diseases such as asthma arises from the
action of inducible NOS [11]. Gaseous NO was identified in exhaled breath in 1993 [12], prompting
30 years of research into the potential use of Fgno in asthma diagnosis, monitoring and treatment.

Measuring Feno

Exhaled NO concentrations are inversely proportional to expiratory flow and by consensus are measured at
50 mL-s~! [13]. The flow dependence of Frno has been used to derive alveolar NO and central airway
NO flux; these flow-dependent parameters are not discussed further in this article and the interested reader
is referred elsewhere [14]. Despite standardisation of flow to measure Fgyno, there are marked differences
in Fgno measurements when analysers made by different manufacturers are used by the same person [15],
meaning that measurements from different analysers are not directly comparable.

Fgno analysers have visual/audio aids to encourage the patient to exhale at the correct flow; this is particularly
useful in paediatrics. Fgno can only be measured passively in infants [16], but children aged >5 years can
exhale into apparatus for Fgno measurements to be obtained [17]. The apparatus is very transportable and this
allows Fgno measurements to be made in children in community and hospital settings [17, 18].

This article reviews the current evidence for Fgno being a useful tool to diagnose and monitor asthma in
children aged >5 years. A related article reviews the relevant literature for the role of spirometry in
diagnosing and monitoring asthma in this age group [19].

Exhaled NO to diagnose asthma

What is the evidence that Fryo may help diagnose asthma?

For >25 years, children with asthma have been known to have higher Frpyo concentrations compared to
children without asthma [20]. However, the relationship between asthma and elevated Fgno is not exclusive
[21]; for example children without asthma but who have allergy and/or bronchial hyperresponsiveness also
have elevated Frno [22]. There are many non-asthma-related and non-allergy-related factors associated
with elevated Fgno values [13, 23] including increasing age [13] and height [13], ingestion of food or
drink containing arginine [24] and caffeine [25]. Fgno values vary through the day (in adults this diurnal
variation may be clinically useful [26]) and are reported to differ between ethnic groups [27]. Exposures
that may be associated with reduced Fgno include upper respiratory tract infection, active and passive
smoking [13] and doing spirometry [28]. Many of the associations described here are not replicated in all
populations and the magnitude of difference in Fgno is generally small, e.g. <5 ppb, meaning that these
individual factors may not be relevant to clinical interpretation. However, these factors might combine to
have a “clinically meaningful” effect in Fgyno values, e.g. make Fgyo values “high” or result in a
“significantly different” change in repeated Fgno measurements.

The best level of evidence for Fgyo as a diagnostic tool comes from a small number of studies where
children with undifferentiated respiratory symptoms had Fgyno measured and then were categorised as
either having asthma or not having asthma. A recent European Respiratory Society (ERS) task force [29]
identified five studies with this design and found that there was a relationship between increasing Frno

https://doi.org/10.1183/20734735.0236-2022 2



BREATHE

REVIEW | A. FRASER ET AL.

concentrations and increasing likelihood of asthma; additionally, decreasing Fgno concentrations were
associated with a decreasing likelihood of asthma.

What cut-off value in Fgyo defines abnormality?

There is no consistency in which cut-off should be used when considering with a diagnosis of asthma in
children. The most commonly used values of <20 ppb being “normal” and >35 ppb being “elevated” [13]
comes from normative data within a cross-sectional whole-population study [30]. This cut-off of >35 ppb
is defined as positive by both UK asthma guidelines [31, 32] and also the National Asthma Education and
Prevention Program (United States of America) [33]. The American Thoracic Society (ATS) states that
values >35 ppb identify a child whose symptoms are steroid responsive [34]. The assumption that a cut-off
based on normative data within the general population can be extrapolated to a cut-off for diagnosing
asthma is not unreasonable, but elevated Fgno is present in children without asthma [21, 22]. The
previously mentioned ERS task force used data from children presenting with possible asthma symptoms
and found that values >25 ppb had best sensitivity and specificity for diagnosing asthma and values
<19 ppb for excluding an asthma diagnosis [29].

While Fgno is usually expressed in parts per billion, attempts have been made to standardise
concentrations, similar to percentage predicted or z-score values of forced expiratory volume in 1 s (FEV,).
One group standardised Fgno for height using data from two UK populations and found that
concentrations above the 90th centile (equivalent to 25 ppb in a 10-year-old boy of average height) has
59% sensitivity, 96% specificity, 97% positive predictive value and 50% negative predicted value [35].

Recognising that factors such as age, sex, height and ethnicity are associated with different Frno
concentrations, it would be desirable to have predicted normal values for Fgno, similar to those that we
have for spirometry. An ERS task force has attempted to apply Global Lung Initiative methodology [36] to
produce individualised “norms” for Fgno, but has found it was not able to derive age-, gender- and
ethnic-specific normative values [37]. This was because the variation in Fgyo measurements between
centres contributing data was too wide, even when a subgroup of centres who used the same device was
considered. In the meantime, the cut-off values of >25 ppb and >35 ppb remain the most pragmatic way of
determining “high” or “low” values. In summary, there is no agreed cut-off value of Fgno to support a
diagnosis of asthma in children. All guidelines emphasise that asthma is a clinical diagnosis which is
primarily based on the presence of episodic cough and wheeze and difficulty in breathing, and that one (or
ideally two) objective tests can usefully support a diagnosis (or help exclude a diagnosis). So the absence
of an agreed cut-off does not prevent a diagnosis being made. A very high or very low Fgno can be useful
to clinicians, but both can occur in children with asthma and without asthma.

Where does Feyo sit in the diagnostic hierarchy?

Due to the lack of precision of Fgyo for asthma, no guideline recommends Fgno as the first-line diagnostic
test. Figure 1 shows that spirometry is the first-line test recommended by all guidelines. Fpyo is
recommended by the ERS task force [29] and the UK National Institute for Health and Care Excellence [32]
where lung function is normal. Fgno is also recommended for diagnosis by the Scottish Intercollegiate
Guidelines Network/British Thoracic Society [31] after lung function testing and bronchodilator
reversibility, if there is an intermediate probability of asthma. The Global Initiative for Asthma says that
“Feno has not been established as useful for ruling in or ruling out a diagnosis of asthma...it is also
elevated in non-asthma conditions” [1].

How do these guidelines perform in real life?

A study of 514 children aged 5-17 years where Fgno was measured and in whom an asthma diagnosis
was subsequently given in 357 has reported sensitivities and specificities for different Frno cut-offs
(table 1) [38]. A second whole-population study of 630 13-16-year-old children, including 34 on regular
inhaled corticosteroids (ICS) has also reported the relationship between increasing Fgno cut-offs for
diagnosed asthma (table 1) [39]. Table 1 presents sensitivities and specificities of different Frpno cut-offs
for asthma from three different sources [29, 38, 39].

At cut-off values of >24 or >25 ppb, the sensitivity (i.e. precision for ruling out asthma) of Frno is lower
for children at a higher risk of asthma [29, 38] and the specificity (i.e. precision for ruling in asthma) is
higher compared to children selected from the general population [39] (table 1). Applying a cut-off of
>35 ppb, the sensitivity of Frpyo remains lower in children at higher risk of asthma [29] compared to a
group not selected for asthma [39], but the specificity is the same (table 1). This suggests that a lower
cut-off (e.g. >25 ppb) than the currently recommended concentration of >35 ppb may be more useful in
children where a diagnosis of asthma is being considered.
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TABLE 1 Sensitivity and specificity of fractional exhaled nitric oxide (Fgno) for diagnosing asthma from three

studies
Feno PPb Sensitivity % Specificity %
Murray et al. [39] >24" 63" 73*
>35 52 83
=40 46 87
De Jone et al. [38] >20 52 7
>21 50 80
>23 48 87
>25" 46* 88"
ERS task force [29] >15 75 61
>20 58 68
>25% 57* 81*
>30 44 79
>35 36 81

The study by Murrar et al. [39] was based on a population not selected for asthma, whereas the remaining
studies used data from children referred to hospital with possible asthma. ERS: European Respiratory Society.
#: at values of 24 or 25 ppb, the sensitivity of Feno is lower and the specificity is higher for children at a higher
risk of asthma compared to children in the general population.

Why might Fgyo be useful to monitor asthma?

What is the evidence?

There is persuasive evidence that Fgno should be a useful measurement to support monitoring of asthma,

including making treatment decisions, in order to reduce exacerbations.

1) Fgno concentrations rose after reducing ICS dose in a study of 40 children [40]: the results suggest
that odds of ICS reduction being successful were six times higher when Frno was >22 ppb compared
to <22 ppb.

2) Fgno concentrations rose before symptoms relapsed after stopping ICS in one study of 40 children
[41]; a Fgno of 249 ppb has the best combination of sensitivity and specificity for predicting relapse.
This finding was not replicated in a second study of 32 children [42].

3) Fgno concentrations fall after treatment with oral corticosteroids for an asthma exacerbation [43, 44].

4) Fgno concentrations fell by 35% in 11 children after commencing treatment with leukotriene receptor
antagonist (LTRA) and rose when LTRA was stopped [45].

5) Fgno levels fell by 40% after starting anti-IgE biological treatment [46].

To balance this convincing evidence, there are some results which need to be considered when evaluating

the role of Fgno in monitoring asthma:

1) Combined data from eight randomised clinical trials found no evidence that Fgno-guided asthma
treatment improves asthma control [47].

2) A trial of 55 children found no evidence that sputum eosinophil count (the physiological characteristic
which Fgno is a proxy for) was a useful guide for asthma treatment in children [48].

3) Fgno values remain high in some individuals despite high-dose ICS treatment [49].

4) Fgno is not sensitive to ICS adherence in children. One study of 130 children found no relationship
between Fgno values and adherence to ICS adherence [50], and a second, of 93 children with severe
asthma, found a weak relationship between poor ICS adherence and elevated Frno [51].

5) One study of 1112 children, using data from six clinical trials whose intervention was to add Fgno to
usual care to guide asthma treatment, found that rising Fgno over a 3-month period was not associated
with risk of subsequent exacerbations [52].

6) At the time of writing there are no clinical trials which have described the use of Fgno in children
within a primary care setting.

Despite any concerns about the role of Fgyo in guiding asthma treatment in children, a Cochrane review of

1279 participants from eight clinical trials found that the odds ratio for asthma exacerbation was 0.62 (95%

CI 0.49-0.80) when care was delivered by symptoms plus Fgno compared to symptoms only [53]. When

data from a ninth recently published trial [54] are added to the Cochrane analysis, the odds ratio for

exacerbation is 0.77 (95% CI 0.62-0.92), as shown in figure 2. There is no evidence that Fgyo-guided
treatment improves asthma control [53]. The mechanism for Fryo reducing exacerbations is likely to
involve optimal titration of the child’s ICS dose (equivalent to an increase in ICS dose of 60-100 ug

budesonide equivalent) [23, 55].
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FIGURE 2 Forest plot comparing the number of participants in randomised clinical trials who had an asthma attack requiring treatment with oral
steroids. Participants were randomised to asthma treatment guided by fractional exhaled nitric oxide plus standard care (symptomstforced
expiratory volume in 1s) or standard care only. RAACENO: Reducing Asthma Attacks in Children Using Exhaled Nitric Oxide; M-H: Maentel-
Haenszel; df: degrees of freedom.

FieLpING et al. [56] combined original data from six of the eight clinical trials cited in the Cochrane
review [53] and explored whether Fpyo-guided treatment was more effective in certain subgroups of
children. The individual patient data (IPD) analysis included information from 1112 children and found
that Fgno-guided treatment was associated with reduced exacerbations among those not on LTRA
treatment (OR 0.68, 95% CI 0.49-0.94) [56]. Among children who were initially controlled, the odds ratio
for losing control during follow-up when treatment was guided by Fgno compared to standard treatment
were reduced for those who were not treated with LTRA (OR 0.70, 95% CI 0.49-1.00) and who were not
obese (OR 0.69, 95% CI 0.48-0.99) [56]. These findings suggest that treatment with LTRA may mask the
relationship between Fgno and ICS treatment. There was no evidence that Fgpno-guided treatment was
more or less effective in improving asthma outcomes in other subgroups stratified by obesity, high/low ICS
dose, atopy or ethnicity [56].

How should change in Feyo values be expressed?

The distribution of Fpno values is not normally distributed; a population median Fgno value is
considerably lower than the mean value. The implication of this is that expressing change in Fgno on a
linear scale is less meaningful, especially at higher concentrations; for example, a 10-ppb rise may be more
relevant if the original concentration was 10 ppb, compared to 50 ppb. The consensus is that change in
Fgno should be expressed as absolute terms where values are <50 ppb and as a percentage change at
higher values [13]. The IPD analysis mentioned previously found that a percentage change, but not
absolute change, in Frno was associated with odds for losing control in future [52].

What is a significant change in Feyo?

The ATS guideline [13] recommends that a clinically relevant change is 10 ppb where concentrations are
<50 ppb and 20% at higher concentrations. These changes are similar to the magnitude of difference
between measurements when one person uses two different Fgno devices [15], and this emphasises the
importance of using the same device when comparing change in Fgno values. One study of 178 children,
including 47 with asthma, measured Fgyo at 2-month intervals over a year and found that Fgno
concentrations could rise by 100% over 2—4 months, independent of asthma and regardless of the initial
concentration [57]. In a second study, a subgroup of 665 children in the previously mentioned IPD were
identified as having controlled asthma and unchanged ICS treatment over a 3-month period [58]. In this
subgroup with “stable asthma”, the interquartile range (IQR) for a change in Fgno for those with an initial
Frno <50 ppb was —7 to +9 ppb, meaning that in only ~50% of individuals Fgno remained within 10 ppb
of initial concentration. For children with “stable asthma” and an initial Fpyo of >50 ppb, the IQR for
percentage change was between —33% and +51% [58]. These results cautiously support the ATS statement
for Fgno values <50 ppb, but suggest that the cut-off for values >50 ppb might be considerably more than 20%.

There have been nine clinical trials which have intervened by adding Fgno to usual care, and table 2
describes the Fgno cut-off values used in these trials. The cut-off values of Fgno which triggered a change

https://doi.org/10.1183/20734735.0236-2022 6
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TABLE 2 Methodological details of randomised clinical trials which have intervened with fractional exhaled nitric oxide (Fgno) to guide asthma treatment

First author, year Primary Age years Participants Atopy as FEV; <80% also  Fgyno cut-off(s) (ppb)  How often was Fgyo What did the trial find?
[reference] outcome(s) inclusion used in used to measured after (Feno treatment compared
criterion? treatment step-up/-down initial assessment? to standard care)
algorithm? treatment
pE JoNGsTE, 2009 [59] Symptom-free Feno group 151 Yes No 20 for 6-10-year-olds  Daily measurements No difference in outcomes
days 11.6+2.6 25 for older children over 3 months
Control group
11.8+4.3
FriTscH, 2006 [60] FEV, 11.543.1 47 Yes Yes 20 6, 12, 18 and Higher mid-expiratory flow,
24 weeks higher dose of ICS
PeirsMAN, 2014 [61] Symptom-free 10.7+2.1 99 Yes Yes 20 3, 6,9 and 12 months Reduced exacerbations,
days increased LTRA and ICS dose
No difference in primary
outcome
PeTsky, 2015 [62] Exacerbations 10.0+3.2 63 No No 10 for nonatopic 1,2,3,4,6, 8,10 and Reduced exacerbation,
12 with 1 PSPT 12 months increased ICS dose
20 for >1 PSPT
P1JNENBURG, 2005 [63] Cumulative ICS 12.3+2.8 85 No No 30 3, 6, 9 and 12 months Reduced Fgno and bronchial
dose hyperresponsiveness
No increase in ICS dose
Pike, 2013 [64] ICS dose and 10.9+2.6 90 No No <15 and >25 2,4,6,8,10 and No differences in outcomes
exacerbation 12 months
frequency
SzEFLER, 2008 [65] Days with asthma 14.4+2.1 546 Yes Yes 20, 30 and 40 6, 14, 22, 30, 38 and Reduced exacerbations,
symptoms 46 weeks increased ICS dose
No difference in
primary outcome
TURNER, 2022 [54] Exacerbation 10.1+2.6 509 No No >50% change 3, 6,9 and 12 months No differences in outcomes
Verini, 2010 [66] Exacerbation, Feno group 64 Yes No 12 6 and 12 months The Feno group were less likely
symptoms and 10.7+2.4 to have an exacerbation at 6
therapy score Control group and 12 months
11.3+2.1
VOOREND-VAN BERGEN, Proportion of 10.2+3.0 181* Yes No 20 and 50 4, 8 and 12 months Increased asthma control, but

2015 [67]

symptom-free days

not the primary outcome

Data are presented as meantsp or n, unless otherwise stated. FEV;: forced expiratory volume in 1's; ICS: inhaled corticosteroid; LTRA: leukotriene receptor antagonist; PSPT: positive skin-prick
test. " although 272 children were included in the study, the 91 participants randomised to a web-based intervention did not have Fgyo measurements and are not included here
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in treatment differ, some studies use a single value of between 12 and 30 ppb or a 50% change; one used
different cut-offs for certain phenotypes while others had different cut-offs for stepping-up or -down
treatment. Table 2 describes how the design of these studies differed in several aspects, including:

+ variable (but usually small) sample size;

» many studies included only atopic children;

» one study measured Fgno on a daily basis, while others measured Fgno at intervals between 6 weeks
and 4 months;

 the studies used different Fryo cut-offs to trigger different treatment steps;

« some studies also used changes in FEV; when considering treatment change in both arms of the trial.

The many heterogeneities in the design of these studies may explain the inconsistent results for reduction
in exacerbations. Importantly, studies that used the same Fgno cut-off (20 ppb) [59-61] did not have the
same outcomes. Additionally, the four studies that found that the addition of Fgno to usual care was
associated with reduced exacerbations [61, 62, 65, 66] used different Fgno cut-offs. These observations
suggest that there is no ideal Fgno cut-off for use in monitoring childhood asthma.

Looking ahead
A key priority is for the industry to provide more accurate devices (ideally with much smaller inter-user
variability). A universally accepted definition of asthma would be welcome.

For diagnosis, Fgno cut-offs from clinically relevant populations (i.e. children with possible asthma)
should be applied to diagnostic algorithms which include symptoms and other objective markers, e.g.
FEV,. Diagnostic uncertainty for asthma in children aged <5 years is very common and a method to
measure Fgno in this age group for incorporation into a diagnostic algorithm would be welcome. When
you see a child with asthma in the next few weeks, a “low” Fgno value (<20 ppb [13] or <19 ppb [29]) in
a steroid-naive child with low or intermediate likelihood of asthma based on symptoms may be helpful in
excluding a diagnosis of asthma, and/or support a plan of watchful waiting before considering a diagnosis
at a later date. A “high” Fgno value (>35 ppb [13] or >25 ppb [29]) in isolation is of uncertain relevance
and needs to be interpreted in the context of symptoms and FEV;.

For monitoring asthma, we know that there is good evidence that adding Fgno measurements every
2-3 months to usual care leads to a modest reduction in asthma attacks (figure 2), but there is no clear
indication of exactly how to integrate Fpyo into to usual care, e.g. what change in Fpyo is clinically
meaningful and what treatment should be altered in light of changing Frno concentrations? We know that
there is no consistently reported subgroup of children in whom Fgyo is particularly suitable (or unsuitable)
for monitoring. One guideline suggests that Fgno may be useful in specialist asthma clinics, but this is not
based on evidence [31]. What is not known is what benefit may come from using a combination of both
Fgno and FEV, to guide asthma treatment: Fgyo-guided asthma treatment is associated with increased
FEV; [55], so there may be synergy between Fgno- and FEV,-guided asthma treatment. An important
limitation to research aimed at using objective markers to guide asthma treatment is that there are few
treatment options at present: once a child is on ICS, LTRA and long-acting B-agonists, the step-up options
for participants in different arms of a clinical trials are the same, i.e. increase ICS dose. So in tomorrow’s
asthma clinic, regardless of any Fgno result, you are still highly likely to step-up treatment in a child with
poorly controlled symptoms (assuming they are compliant) and you are likely to step-down treatment in
the spring and summer months for a child who has not needed their reliever for 3 months. At the time of
writing, there is insufficient evidence to suggest that treatment decisions can be informed by Fgno
concentrations in identical twins with intermediate symptom control who are on the same treatment and
have Fgno values of 20 and 30 ppb.

Take-home message

Even the greatest advocates for Fgno cannot be certain that Fgyno should be routinely be used for
diagnosing and monitoring childhood asthma. Equally, Frno’s greatest critics cannot deny that there is
persuasive evidence for its use in some aspects of care (figure 2). We do know that there is currently
insufficient evidence to recommend Fgyno for routine diagnosis and monitoring of asthma in children;
clinical decisions should not be made solely on a Fgno result. Although data from nine randomised
clinical trials suggest that adding Fgno to usual asthma is associated with a reduction in exacerbations, it is
not unclear what cut-off(s) should be used to trigger a change in treatment. So at this point in time, it is
neither myth nor maxim that Fgno should be used for diagnosing and monitoring childhood asthma.
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Self-evaluation questions
1. Which of the following statements is most correct?
a) Age, height and active smoking are factors unrelated to asthma that are known to affect Fgyo
measurements.
b) Age, height, active smoking and dietary factors are exposures unrelated to asthma that are known to
affect Fgno measurements.
c) Age, height, active smoking, dietary factors and ethnicity are exposures unrelated to asthma that are
known to affect Fgno measurements.
d) Age, height, active smoking, dietary factors, ethnicity and asthma treatment are exposures unrelated
to asthma that are known to affect Fgyo measurements.
2. Which of the following statements is correct?
a) Reliable Fgyo measurements can be made in all children.
b) Reliable Fgyo measurements can be made in the majority of children aged >5 years.
c) Feno measurements made on apparatus made by different manufacturers can be reliably compared.
d) By convention, change in Fgyo measurements is expressed as a percentage change.
3. Which of the following statements regarding diagnosing asthma is most correct?
a) A Fgno concentration of >35 ppb is diagnostic of asthma.
b) A Feno concentration of >25 ppb is diagnostic of asthma.
c) All international guidelines recommend that Fgyo should be measured in children aged >5 years.
d) No international guideline recommends Fgyo as the initial test for diagnosing asthma.
4. For monitoring asthma in children, which of the following statements is correct?
a) There is evidence from nine randomised controlled trials that the addition of Fgyo to usual care
improves the odds for having controlled asthma symptoms in children.
b) There is evidence from nine randomised controlled trials that the addition of Fgyo to usual care
reduces the odds of having an asthma exacerbation.
c) A rise in Fgyo Of 10 ppb over 3 months in a child with asthma treated with ICS and whose asthma
symptoms have intermediate control suggests that a LABA should be introduced.
d) A rise in Fgyo of 10 ppb over 3 months in a child with asthma treated with inhaled corticosteroids
suggests that they are not adherent with their treatment.

Conflict of interest: S. Turner received Fgyo measurement apparatus from Circassia for a clinical trial at no cost
between 2016 and 2018. None of the other authors has a conflict of interest to declare.
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Suggested answers

1. c. Asthma treatment (stated in d) is an asthma-related exposure.

2. b. Differences in Fgno measurements between devices are comparable to what is considered a clinically
meaningful difference. Change in Fgyo can be expressed as both absolute change and percentage change.

3. d.

4. b.
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