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Summary
Background Considerable variability exists between asthma diagnostic guidelines. We tested the performance char-
acteristics of the European Respiratory Society (ERS), the National Institute for Health and Care Excellence (NICE)
and the Global Initiative for Asthma (GINA) guidelines for the diagnosis of asthma in adults.

Methods In this prospective observational study (ISRCTN—11676160, May 2019–June 2022), participants referred
from primary care with clinician-suspected asthma underwent comprehensive investigation including: spirometry,
bronchodilator reversibility, fractional exhaled nitric oxide, peak expiratory flow variability, bronchial challenge
testing with methacholine and mannitol, and responsiveness to inhaled corticosteroid therapy. Results were
reviewed by a panel of asthma specialists to determine asthma diagnosis (reference standard) and compared to
each diagnostic test and the ERS, NICE and GINA diagnostic algorithms (index tests). The sensitivity, specificity,
positive predictive and negative predictive values were calculated.

Findings One hundred and forty adults were enrolled and 118 given a definitive diagnostic outcome [75 female; mean
(SD) age 36 (12) years; 70 (59%) with asthma] and included in the analysis. Sensitivity of individual tests was poor
(15–62%), but they provided good specificity at the most stringent thresholds (range: 88–100%). The sensitivity/
specificity of ERS, NICE and GINA was 81/85%, 41/100% and 47/100%, respectively. Concordance between
guidelines was only moderate (Cohen’s Kappa 0.45–0.51).

Interpretation Current guidelines for the diagnosis of asthma in adults provide either excellent specificity but low
sensitivity (GINA and NICE) or only reasonable sensitivity and specificity (ERS). All guidelines therefore have lim-
itations with regards to their clinical application; new guidelines are needed but should be tested prospectively before
roll out.
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Introduction
Asthma affects around 300 million people worldwide,
and in the UK 12% of the population have been diag-
nosed with the disease.1 Asthma is characterised by
symptoms of wheeze, chest tightness, breathlessness
and cough, typically associated with variable airflow
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obstruction and inflammation. There are however no
gold standard diagnostic criteria for asthma, likely
reflecting the heterogenous nature of the condition
which encompasses different phenotypes (reflecting
different underlying pathophysiology), particularly in
adults.2 Given this phenotypic heterogeneity, it is
d Respiratory Medicine at the University of Manchester, School of Bio-
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Research in context

Evidence before this study
There are a growing number of national and international
guidelines for the diagnosis of asthma, with European
Respiratory Society (ERS) guidelines recently added to those
produced by the National Institute of Health and Care
Excellence (NICE, UK) and the Global Initiative for Asthma
(GINA). In an analysis of preliminary data done to assess the
performance of non-aerosol generating procedures during the
COVID-19 pandemic, we found that GINA (2020) and NICE
performed with good specificity but poor sensitivity. We have
performed a systematic review of the literature (across
EMBASE, Medline and PubMed), including manuscripts
whereby the primary focus of the work was on how ERS/
GINA/NICE guidelines perform diagnostically in adults with
suspected asthma, excluding opinion and review articles.
Search terms in brief: “asthma” ADJ2 “diagnos*”) AND
(“performance characteristic*” OR “diagnos*criteria” OR
“guideline” OR “algorithm” OR “flow chart”) AND (“GINA” OR
“ERS” OR “NICE”); limited to publication since 2017
(publication of the NICE guideline, the oldest of interest). No
language limitations were used. The search returned 179
(non-duplicate) titles and abstracts, of which two were
assessed as being possibly relevant, but published only in
abstract form (conference proceedings) and with insufficient
methodological detail available to assess the robustness of the

reference standard or tests performed. We therefore aimed to
test the performance of such guidelines in practice, that is
their ability to accurately diagnose asthma.

Added value of this study
We have reported the key performance characteristics of three
major guidelines—ERS, NICE and GINA—as well as the
characteristics of key tests that make up the diagnostic
pathways such as spirometry, bronchodilator reversibility,
peak flow variability, fractional exhaled nitric oxide, and
bronchial challenge, at the varied cut-offs used across the
guidelines. In 140 adults with suspected (but untreated)
asthma both NICE and GINA performed with high (100%)
specificity but relatively poor (less than 50%) sensitivity; ERS
performed with a more balanced sensitivity/specificity (81%/
85%) but still resulted in 1-in-6 patients being misdiagnosed.
We present how each diagnostic test performs, which could
be used to inform new diagnostic pathways.

Implications of all the available evidence
Our data allows clinicians to compare the effectiveness of
current major guidelines for the diagnosis of asthma and
influence how they utilise these in their current practice. Our
findings suggest that all three pathways require significant
refinement and subsequent testing to reduce misdiagnosis.
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inevitable that there are multiple pathways to an asthma
diagnosis, incorporating different features measured
with different tests.

Asthma misdiagnosis is common, reported by Aaron
et al.3 in up to one third of subjects investigated within five
years of initial diagnosis, more than half of whom had not
undergone any objective testing at the time of diagnosis.
Asthma symptoms are non-specific,4 so it is important to
complete confirmatory diagnostic tests to minimise costs
and risks associated with unnecessary treatment, and to
offer the opportunity to make the correct diagnosis. These
should be done prior to starting inhaled corticosteroids
(ICS), as treatment can change results.5

The most frequently used diagnostic pathways for
asthma are produced by the European Respiratory So-
ciety (ERS; Guidelines for the Diagnosis of Asthma in
Adults 2022),6 the National Institute for Health and Care
Excellence (NICE; Asthma: diagnosis, monitoring and
chronic asthma management 2017)4 and the Global
Initiative for Asthma (GINA; Global strategy for asthma
management and prevention 2023).5 There were meth-
odological differences in the development of the
guidelines.7 However, these pathways show consider-
able variability in the utility of different tests, their
thresholds, and the order in which they are conducted.
None of these pathways has been tested prospectively in
symptomatic adults not taking ICS.
The aim of this study was therefore to test the per-
formance characteristics of the ERS, NICE, and GINA
asthma diagnostic algorithms, in adults with symptoms
in keeping with asthma but not on ICS, in the setting of
our Rapid Access Diagnostics in Asthma research clinic
(RADicA).

Methods
Study design
The RADicA clinic (ISRCTN 11676160) prospectively
evaluated adults (and children, not included in this
report) with clinician-suspected asthma (symptoms of
wheeze, chest tightness, cough, and/or breathlessness),
in Manchester, UK.

Participants
Potential participants were referred between May 2019
and June 2022 primarily by general practitioners in
Greater Manchester, having presented with symptoms
in keeping with asthma. Exclusion criteria: age >70
years; oral corticosteroids within 4 weeks; ICS within 2
weeks (this was subsequently amended to 4 weeks and
none of the adults recruited had ICS within 4 weeks of
the first visit); antibiotics within 2 weeks; greater than 10
pack year smoking history; other significant lung dis-
ease. At recruitment, a structured clinical history and
physical examination were completed; participants with
www.thelancet.com Vol 76 October, 2024
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a suspected alternative diagnosis more likely than
asthma were withdrawn. Remaining participants
completed a series of diagnostic tests over a two-week
period before starting ICS (Flixotide Accuhaler, 250
mcg twice daily) for a period of 10 ± 4 weeks8 after
which time diagnostic tests were repeated
(Supplementary Table E1). The study protocol was
approved by the Local Research Ethics Committee (18/
NW/0777); participants gave written informed consent.

Diagnostic testing
Spirometry (Forced Expiratory Volume in 1 s [FEV1] and
Forced Vital Capacity [FVC]) were measured (JAEGER
Vyntus PNEUMO, Vyaire Medical, Basingstoke, UK)
according to American Thoracic Society/European Res-
piratory Society (ATS/ERS) guidelines (full details in
Supplementary Appendix).9 For bronchodilator revers-
ibility (BDR), spirometry was repeated 15 min following
400 μg of inhaled salbutamol. BDR was defined as FEV1

increase >12% and >200 mL, unless otherwise stated.
Peak expiratory flow variability (PEFv) was recorded
using an eMini Wright digital flow meter (Clement
Clarke Ltd, Harlow, UK) twice daily (morning and eve-
ning) over a 2-week period. Fractional exhaled nitric
oxide (FeNO) was measured according to manufac-
turer’s instructions (NIOX VERO, Circassia, Oxford,
UK) and international recommendations,10 at a stand-
ardised flow rate (50 mL/s). Methacholine bronchial
challenge test (BCTmeth) was performed (Vyntus APS
Nebulizer system with integrated dosimeter; Vyaire
Medical), with a 4-dose protocol (cumulative dose: 0.015,
0.060, 0.240, 0.960 mg) using single concentration
methacholine (16 mg/mL, Stockport Pharmaceuticals,
Stockport, UK), according to international guidelines.11

The dose provoking a 20% fall in FEV1 was recorded
(PD20); PD20 ≤ 0.2 mg was defined as positive chal-
lenge.11 Mannitol bronchial challenge test (BCTmann)
was conducted in accordance with the manufacturer’s
instructions (Aridol, Pharmaxis) and international
guidelines.12 Following baseline spirometry, participants
inhaled doubling doses of mannitol starting from 5 mg,
until a reduction in FEV1 of 15% was recorded or the
maximum cumulative dose (635 mg) administered. The
provocative dose causing a reduction in FEV1 of 15%
(PD15) was derived from the dose–response curve. Skin
prick tests (SPT) were performed to a panel of inhalant
allergens. Asthma control was recorded using the
Asthma Control Questionnaire (ACQ).13 Blood eosino-
phils were measured (Sysmex Ltd, Milton Keynes, UK).

Index tests
The ERS, NICE and GINA diagnostic algorithms were
investigated as index tests against the reference stan-
dard. Where a test result was missing, this was assigned
a negative result so the algorithm could be completed.
In addition, analysis has been completed where those
with missing tests are excluded if it is not possible to
www.thelancet.com Vol 76 October, 2024
complete the algorithm (shown in the Supplementary
Appendix).

The ERS algorithm (2022)6 proposes four pathways
that lead to an asthma diagnosis (Supplementary
Fig. E1). (1) FEV1/FVC <75% and BDR with FEV1

reversibility >12% and 200 mL; (2) FeNO >50 ppb; (3)
PEFv >20%; (4) BCTmeth PD20 < 0.2 mg. Each partici-
pant’s test results were put through the four pathways in
series, until a diagnosis of asthma was confirmed or
ruled out.

NICE guideline NG804 comprises 15 possible path-
ways (Supplementary Fig. E2). Data from each partici-
pant were put through the sequential algorithm using
the following cut-offs: spirometry, FEV1 < 70% pre-
dicted (or LLN, shown in Supplementary Appendix);
BDR ≥12% and ≥200 mL; FeNO, ≥40 ppb, or ≤ 39
and ≥ 25 ppb; PEFv, >20%; BCTmeth, PD20 ≤ 0.2 mg.
Those who reached a diagnosis of asthma (pathways
1–6) were recorded as NICE-defined asthma. In a
separate analysis (shown in Supplementary Appendix)
we also included those categorised as inconclusive
(Suspect Asthma and review after treatment, pathways
7–9) with ‘NICE-defined asthma’. All others, who fol-
lowed one of six possible alternate pathways (pathways
10–15), were diagnosed as NICE-“not asthma”, as the
recommendation here is to “Consider alternative di-
agnoses or referral for a second opinion”, and not to
start treatment.4

GINA diagnostic guidance5 (Supplementary Fig. E3)
states that asthma should only be diagnosed in patients
with obstructed spirometry (FEV1/FVC ratio < LLN at
any visit) AND evidence of variable airflow from at least
one of the following: (1) BDR ≥12% and ≥200 mL (2)
PEFv >10%, (3) increase in FEV1 >12% and 200 mL after
4 weeks of ICS treatment, (4) positive challenge test
(BCTmeth PD20 < 0.2 mg and/or BCTmann
PD15 < 635 mg or exercise challenge test (not available
in RADicA), or (5) variation of FEV1 > 12% and 200 mL
between pre-treatment visits. Remaining participants
were recorded as “not asthma”.

Reference standard: asthma diagnosis by expert
panel objective evidence review (EPOER)
The reference standard against which the published
diagnostic algorithms were tested for accuracy was the
expert panel objective evidence review (EPOER). All
evidence, including history, physical examination, ACQ,
and all test results before and after ICS (Supplementary
Table E1), was reviewed by at least three physicians (a
minimum of two senior asthma physicians) with a
diagnosis reached by consensus after open discussion.
Index test data were therefore available to the assessors
of the reference standard. Not all participants completed
all aspects of the study, but all evaluable data were
assessed including raw data (such as flow volume loops,
dose–response curves, peak flow diaries), to take ac-
count of uncertainty and inherent biological variability.14
3
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EPOER assigned a diagnosis of “asthma” or “not
asthma”; where this was not possible, participants were
assigned “possible asthma” or “insufficient evidence”
and excluded from further analysis.

Statistical analysis
Participant characteristics and results were tested for
normality; box plots showing the distribution of key
lung function measures are shown in Supplementary
Fig. E4. Results from the individual diagnostics tests
were dichotomised as positive or negative, according to
the thresholds from each diagnostic guideline. Dicho-
tomised variables were run through each respective
diagnostic algorithm to establish a guideline-specific
asthma diagnosis (index tests). The principal analysis
was descriptive. Each individual diagnostic test, and
each index test were compared to the reference standard
using cross tabulation. The sensitivity, specificity, posi-
tive predictive value and negative predictive value were
calculated. Index tests were compared to each other
using Cohen’s kappa statistic. Confidence intervals for
sensitivity and specificity are exact Clopper-Pearson
confidence intervals. Data analysis was supported with
SPSS (SPSS 25, IBM, NY), with significance set a
P < 0.05.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation or
writing of the article.
Results
Participant characteristics
One hundred and forty adults with symptoms in keep-
ing with asthma were enrolled into the RADicA study;
two were excluded as they had another diagnosis more
likely than asthma (Supplementary Fig. E5). The
remaining 138 underwent expert panel evaluation of all
available data (EPOER, reference standard) at the end of
each participant’s involvement in the study; 17 with
insufficient evidence and three with possible asthma
were excluded from further analysis. Of the 118 adults
remaining, 70 (59%) had asthma and 48 (41%) did not
have asthma.

Participant characteristics are presented in Table 1.
Most reported symptoms for several years (median 3
years, range 2 months to over 40 years). All four
symptoms of asthma were common in both groups.
Approximately one quarter had previously tried ICS, but
for most this treatment had been discontinued for over
2 years, and all had discontinued at least 1 month before
enrolment.

The performance of individual tests used in asthma
diagnosis is presented in Supplementary Table E2, with
thresholds used for each guideline presented separately.
Although the specificity for obstructive spirometry (96%
if <70% or LLN), BDR (100%), and PEFv at 20% (97%)
was high, making them good rule in tests, they were
positive in less than half of those with asthma, dropping
as low as 15% for PEFv. Bronchial challenge tests were
also highly specific but were still only positive in
approximately two thirds of subjects subsequently
diagnosed with asthma. Although generally more sen-
sitive (51%), FeNO had a poorer specificity for asthma
diagnosis, reaching only 88% at the higher threshold of
50 ppb.

ERS guideline
Of 118 participants, 23 (19%) were diagnosed with
asthma following ERS pathway 1 (FEV1/FVC <75% and
BDR), all of whom had EPOER asthma (Table 2). A
further 27 were diagnosed with asthma following ERS
pathway 2 (FeNO >50 ppb), of whom 21 (78%) had
EPOER asthma. The inclusion of PEFv >20% (ERS-
defined asthma pathway 3) only identified an additional
three participants as having asthma, two of whom also
had EPOER-defined asthma. From the remaining 65
participants, a positive methacholine challenge (ERS
pathway 4) identified asthma in 11 cases, all in agreement
with EPOER. The remaining 54 (46%) did not have
asthma according to the ERS pathway; however, 13 (24%)
of these participants were given a diagnosis of EPOER
asthma. For illustrative purposes, test results for these 13
subjects are presented in Supplementary Table E3. When
missing values were not assigned a negative value, results
are shown in Supplementary Table E4.

NICE guideline
The number of participants following each of the 15
possible pathways together with concordance with
reference standard, EPOER is shown in Table 3. Three
pathways were not followed by any participants (path-
ways 1, 5 and 7). Asthma Pathways 2,3,4 and 6 were
followed by 29 participants, all of whom also received an
EPOER asthma diagnosis. Five participants followed a
“suspect asthma” inconclusive pathway (pathways 7–9)
all of whom had asthma confirmed by EPOER. The
remaining 84 participants followed pathways 10–15,
where asthma is not diagnosed, and treatment not
started. Here, results were much less concordant with
the EPOER diagnosis. Pathway 10 (no airflow obstruc-
tion, FeNO <40, PEFv <20%, BCT and BDR not done)
was by far the most commonly followed pathway
(n = 60) but had a concordance with EPOER of only
63%. Of the 60 following this pathway, 22 were found to
have asthma by EPOER including 10 with a positive
BCT and 5 with BDR (tests not included in pathway 10),
making this pathway the one resulting in the highest
number of missed diagnoses. When missing values
were not assigned a negative value, results are shown in
Supplementary Table E5. When obstructed spirometry
was defined as FEV1/FVC < LLN results are shown in
Supplementary Table E6.
www.thelancet.com Vol 76 October, 2024
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All cases
N = 118

Asthma
N = 70

Not asthma
N = 48

Clinical and demographic features:

Age, mean (SD) years 36 (12) 34 (11) 38 (13)

Gender, n (%) females 75 (64) 40 (57) 35 (73)

Current or ex-smokers, n (%) 40 (35) 21 (30) 19 (40)

Pack years, median (IQR) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.00 (0.0–1.0)

BMI, mean (SD) kg/m2 28 (5) 28 (5) 28 (6)

Wheeze, n (%) 97 (82) 64 (91) 33 (69)

Cough without a cold, n (%) 94 (80) 56 (80) 38 (79)

Breathlessness, n (%) 103 (87) 62 (89) 41 (85)

Chest tightness, n (%) 96 (81) 61 (87) 35 (73)

Duration symptoms, median
(IQR) years

3.0 (1.1–7.6) 2.4 (1.0–7.8) 3.4 (1.7-7.4)

Current salbutamol use, n (%) 78 (66) 54 (77) 24 (50)

Previous ICS use 31 (26) 18 (26) 13 (27)

Number of months off ICS for those
that had used (n = 31), median (IQR)

24 (4–168) 96 (6–228) 12 (2–42)

Physiological data:

FEV1, mean (SD) L 3.28 (0.94) 3.23 (0.99) 3.36 (0.87)

FEV1, mean (SD) %predicted 94 (16) 89 (17) 101 (14)

FVC, mean (SD) L 4.28 (1.24) 4.37 (1.32) 4.14 (1.12)

FVC, mean (SD) % predicted 101 (15) 100 (15) 103 (15)

FEV1/FVC ratio, mean (SD) % 77 (8) 74 (9) 82 (6)

BDR, median (IQR) % 6.8 (3.1–12.0) 9.8 (5.7–14.6) 3.7 (1.6-6.2)

BCTmeth PD20 (n = 98), median
(IQR) ug

1920 (75–1920) 83 (26–53) 1920 (1920–1920)

FeNO (n = 118), median (IQR) ppb 25 (13–72) 57 (23–92) 15 (11–22)

PEFv (n = 96), median (IQR) %a 9.0 (4.3–12.8) 11.1 (6.7–16.4) 5.6 (3.4–10.3)

Eos (n = 114), median (IQR) ×109 cells/L 0.19 (0.1–0.33) 0.29 (0.16–0.51) 0.11 (0.08–0.20)

Eos, (n = 114) n (%) >0.4 × 109 cells/L 23 (20) 22 (33) 1 (2)

Sensitised (n = 115), n (%) ≥1 SPT
allergen positive

75 (65) 52 (75) 23 (50)

Auscultated wheeze, n (%) 12 (10%) 12 (17%) 0 (0%)

BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; BDR, bronchodilator
reversibility; BCTmeth, methacholine bronchial challenge test; FeNO, fractional exhaled nitric oxide; PEFv, peak
expiratory flow variability; Eos, eosinophil levels; SPT, skin prick test. aMinimum of 5 days of PEF recordings
required for valid test.

Table 1: Participant characteristics, for all cases and expert panel objective evidence review
(EPOER)-defined “asthma” and “not asthma”.

Articles
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Expiratory airflow obstruction (FEV1/FVC < LLN at any
visit) is a requirement for each of the five pathways that
lead to a diagnosis of asthma (Table 4). This test was
negative in 82 subjects, 37 of whom had EPOER
asthma, and 42 had at least one other positive test (23
BCT positive, 26 had PEFv >10%), but in the absence of
expiratory airflow obstruction this was not sufficient to
achieve an asthma diagnosis.

Of the remaining 36 participants with measurable
airflow obstruction, taking the tests in sequence (and
stopping testing once an asthma diagnosis was ach-
ieved), 22 had asthma diagnosed using BDR, a further
seven with PEFv and a further three with BCT. All 32
had EPOER asthma. Pathways 4 and 5 were not needed,
as all participants had already achieved an asthma
diagnosis via another pathway. When missing values
were not assigned a negative value, results are shown in
Supplementary Table E7.

Overall performance of the guidelines compared to
EPOER asthma
ERS-defined asthma had a moderate sensitivity (81%,
95% CI 70–90%), resulting in 13 (11% of the whole
population) having a diagnosis of asthma missed
(Supplementary Table E8). The specificity was also
moderate (85%, 95% CI 72–94%), leading to seven
subjects being diagnosed with asthma who did not have
asthma by EPOER. Overall, 1 in 6 (17%) of the symp-
tomatic adults being investigated for asthma were mis-
diagnosed by this guideline.

NICE-defined asthma had perfect specificity (100%
95% CI 93–100%) but poor sensitivity (41%, 95% CI
30–59%). Including participants who followed the
“suspect asthma” pathway increased the sensitivity to
49% (95% CI 36–91%) and the specificity remained
unchanged at 100% (95% CI 93–100%) (Table 3).
Overall, 36 (31%) of the symptomatic adults being
investigated for asthma were misdiagnosed by this
guideline.

GINA-defined asthma had perfect specificity (100%,
95% CI 93–100%), but poor sensitivity (47%, 95% CI
35–59%), resulting in the missed diagnosis of asthma in
38 (53%) individuals. Overall, 38 (32%) of the symp-
tomatic adults being investigated for asthma were mis-
diagnosed by this guideline.

When missing tests were not treated as negative, up
to 14% of the subjects (1 in 7) were unable to complete
the guidelines to confirm or refute asthma
(Supplementary Tables E4–E6) but this had little effect
on overall sensitivity and specificity of each guideline
(Supplementary Table E9).

Concordance between the three published
guidelines
Of the 118 subjects, 53 (45%) did not have asthma by
any of the three measures, and only 21 (18%) were
www.thelancet.com Vol 76 October, 2024
always diagnosed with asthma (by all three guidelines)
(Fig. 1). More than one third of the study subjects (37%)
could be given a different diagnosis depending on which
guideline was followed. Even though sensitivity and
specificity for GINA and NICE were very similar, it is
clear that concordance between their results was only
moderate (<0.51, Supplementary Table E10); of the 45
diagnosed with asthma by either guideline, only 21 were
in common. A Venn diagram including EPOER shows
similar findings (Supplementary Fig. E6) and results are
also presented as an alluvial plot (Supplementary Fig. E7).

Discussion
The heterogenous nature of asthma makes it unlikely
that there will be a single diagnostic test for the
5
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ERS pathway FEV1/FVC
<75%

BDR
FEV1 ≥12%
and 200 mL

FeNO >
50 ppb

PEFv >
20%a

BCTmeth
PD20 <
0.200 mg

Positive on this
pathway, n

Reference standard
concordance,
n (%)

Asthma pathway 1 (n = 118) U U NA NA NA 23 23 (100%)

Asthma pathway 2 (n = 95) ✗ or U NA or ✗ U NA NA 27 21 (78%)

Asthma pathway 3 (n = 68) ✗ or U NA or ✗ ✗ U NA 3 2 (67%)

Asthma pathway 4 (n = 65) ✗ or U NA or ✗ ✗ ✗ U 11 11 (100%)

ERS defined asthma (n = 118) Any of the
above pathways

64 57 (89%)

ERS defined not asthma None of the
above pathways

54 41 (76%)

Pathways were followed sequentially, such that once asthma had been diagnosed the individual was removed from the pool of participants to be tested on the next path;
consequently numbers tested on subsequent pathways 2–4 reduces. ✗ indicates test was done and result was negative, U indicates test was positive, NA indicates test is
not included in this pathway and so the result was not considered. Abbreviations: FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; BDR, bronchodilator
reversibility; FeNO, fractional exhaled nitric oxide; PEFv, peak expiratory flow variability; BCTmeth, methacholine bronchial challenge test; PD, provoking dose. aMinimum of
5 days of PEF recordings required for valid test.

Table 2: ERS pathways for asthma diagnosis and concordance to expert panel objective evidence review (EPOER).
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condition, hence the need for diagnostic guidance and
algorithms. Current guidance for diagnosing asthma
also shows significant heterogeneity both in the tests
included, the order of these tests and diagnostic
thresholds recommended. Further, there is little evi-
dence that the performance or feasibility of published
guidance has been tested prior to implementation. We
have evaluated three sets of guidance (ERS, NICE and
GINA) within a population of adults with symptoms
NICE pathway FEV1/FVC
<70%

BDR FEV1
≥12% and
200 mL

FeNO
≥40

Asthma 1 ✗ NA ✗

Asthma 2 ✗ NA U

Asthma 3 ✗ NA U

Asthma 4 U ✗ ✗

Asthma 5 U U ✗

Asthma 6 U U U

Suspect asthma/inconclusive 7 U ✗ ✗

Suspect asthma inconclusive 8 U ✗ U

Suspect asthma/inconclusive 9 U U ✗

Alternative diagnosis 10 ✗ NA ✗

Alternative diagnosis 11 ✗ NA ✗

Alternative diagnosis 12 ✗ NA U

Alternative diagnosis 13 U ✗ ✗

Alternative diagnosis 14 U ✗ ✗

Alternative diagnosis 15 U U ✗

NICE-defined asthma (pathways 1–6)

NICE-defined asthma or suspect asthma/
inconclusive (pathways 1–9)

✗ indicates test was done and result was negative, U indicates test was positive, NA in
Reference standard concordance—findings are concordant if both NICE and EPOER assig
forced expiratory volume in 1 s; FVC, forced vital capacity; BDR, bronchodilator reversibili
oxide; PEFv, peak expiratory flow variability. aMinimum of 5 days of PEF recordings req
FeNO ≤ 39 ≥ 25 ppb in this instance is considered after PEFv.

Table 3: NICE guideline pathways for asthma diagnosis and concordance to
suggestive of asthma who underwent extensive diag-
nostic tests before and after starting treatment with ICS.
Guidelines from NICE and GINA provided excellent
specificity but lacked sensitivity for the diagnosis of
asthma, thus affording excellent utility for ruling-in
asthma, but limited ability to rule it out. In contrast,
ERS guidelines provided reasonable sensitivity and
specificity, but resulted in misdiagnosis (both under- or
over-diagnosis) in 1 in 6 people with suggestive
ppb
FeNO
≤39 ≥
25 ppb

PEFv
≥20%a

BCTmeth
<200ug

Following
pathway, n

Reference
standard
concordance,
n (%)

NA U U 0

NA ✗ U 13 13 (100%)

NA U NA 3 3 (100%)

U ✗ U 1 1 (100%)

NA U NA 0

NA NA NA 12 12 (100%)

U U NA 0

NA NA NA 4 4 (100%)

Ub ✗ NA 1 1 (100%)

NA ✗ NA 60 38 (63%)

NA U ✗ 3 1 (33%)

NA ✗ ✗ 16 7 (44%)

✗ NA NA 1 1 (100%)

U ✗ ✗ 1 1 (100%)

✗b ✗ NA 3 0 (0%)

29 29 (100%)

34 34 (100%)

dicates test is not included in this pathway and so the result was not considered.
ned asthma (pathways 1–9), or both assigned not asthma (pathways 10–15). FEV1,
ty; BCTmeth, methacholine bronchial challenge test; FeNO, fractional exhaled nitric
uired for valid test. bIndicates test is not performed in the sequence of the table,

expert panel objective evidence review (EPOER).
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GINA pathway FEV1/
FVC <
LLN

BDR FEV1 >
12% and
200 mL

PEFv
≥10%*

BCTmeth PD20

< 200ug AND
/OR BCTmann
PD15 < 635 mg

FEV1
variability
>12%

ICS response
FEV1 > 12%
and 200 mL

Following
this
pathway, n

Reference
standard
concordance,
n (%)

Not asthma, not obstructed
(n = 118)

✗ NA NA NA NA NA 82 45 (55%)

Not asthma, obstructed but
other tests all negative (n = 36)

U ✗ ✗ ✗ ✗ ✗ 4 3 (75%)

Asthma pathway 1 (n = 32) U U NA NA NA NA 22 22 (100%)

Asthma pathway 2 (n = 10) U ✗ U NA NA NA 7 7 (100%)

Asthma pathway 3 (n = 3) U ✗ ✗ U NA NA 3 3 (100%)

Asthma pathway 4 (n = 0) U ✗ ✗ ✗ U NA 0 –

Asthma pathway 5 (n = 0) U ✗ ✗ ✗ ✗ U 0 –

Any asthma pathway (n = 118) U Any asthma
pathway

32 32 (100%)

Pathways were followed sequentially, such that once asthma had been diagnosed the individual was removed from the pool of participants to be tested on the next path;
consequently, numbers tested on subsequent pathways reduces. ✗ indicates test was done and result was negative, Uindicates test was positive, NA indicates test is not
included in this pathway and so the result was not considered. FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower limit of normal; BDR,
bronchodilator reversibility; PEFv, peak expiratory flow variability; BCTmeth, methacholine bronchial challenge test; FeNO, fractional exhaled nitric oxide; ICS, inhaled
corticosteroid.

Table 4: GINA guideline pathways for asthma diagnosis and concordance to expert panel objective evidence review (EPOER).

Articles
symptoms and so left a problematic degree of uncer-
tainty. Importantly, and irrespective of the gold standard
used in this study (EPOER), concordance between the
three published guidelines being tested was only mod-
erate (≤0.5), so that even where sensitivity and speci-
ficity were similar, different individuals were diagnosed
with asthma. These original observations have signifi-
cant implications for the diagnosis, and therefore
management, of asthma.

Any investigation of diagnostic accuracy requires a
reference standard, which should be the gold-standard
or current standard.15 As there is no widely accepted
gold standard for asthma diagnosis and the current
standard(s) are the diagnostic guidelines assessed
herein, this is a limitation of our study. We used a panel
of experts (including a minimum of two senior asthma
Fig. 1: Venn diagram showing concordance of, ERS, NICE and GINA
guidelines for the diagnosis of asthma in 118 adults with respiratory
symptoms.

www.thelancet.com Vol 76 October, 2024
physicians) to confirm or refute the diagnosis by
reviewing all objective evidence collected as part of the
RADiCA study (EPOER is described in Supplementary
Appendix, with examples of discordant cases in
Supplementary Table E3). We emphasise that EPOER is
not an algorithm but represents a (subjective) overall
assessment of multiple (objective) pieces of data, and
consequently may be seen as a weakness. Furthermore,
we recognise that in clinical practice a physician, would
not have the benefit of this depth of information nor the
luxury of at least 2 colleagues with decades of experience
with whom to discuss the case. However, we were un-
able to devise a more robust reference standard than to
capitalise on all of the wide array of clinical data avail-
able and the panel’s collective but varied experience, and
ultimately consider this to be a strength of the study.
Individual tests used for asthma diagnosis provided
poor sensitivity but good specificity against EPOER
asthma, in line with previous reports. Our finding of
modest sensitivity of BCTmeth (62%) was lower than
previously reported6 reflecting the nature of EPOER
where absolute values (rather than dichotomised re-
sults) were reviewed, so results just below the threshold
could be evaluated (i.e., nine of those with EPOER
asthma had a PD20 just below the BCTmeth threshold
[0.2–0.7 mg], in combination with other results sup-
portive of an asthma diagnosis), including patients’
treatment response.

Other limitations of our study include exclusion of
those aged over 70 years and of smokers with a >10 pack
year history. This was done to avoid diagnostic confu-
sion with those with COPD, so as to enable the guide-
lines being tested to perform as well as possible. This
will however mean that any future guideline developed
from this dataset will have reduced application to older
7
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people or heavy smokers. One in four of the study sub-
jects had previously used ICS and could not be described
as steroid naïve. However, they were at least 4 weeks off
ICS, which exceeds the ‘washout period’ typically rec-
ommended in clinical trials, and most had been off ICS
for more than 2 years; therefore it is unlikely that this
would have changed the test results and would not affect
the performance of the guidelines. Also, we were unable
to arrange long term follow up those who did not receive
an EPOER diagnosis of asthma, to confirm what diag-
nosis they were eventually given.

There are considerable differences in the three
guidelines assessed, in the tests included, (e.g., FeNO
not in GINA), thresholds set (e.g., different FEV1/FVC
ratios) and the number of positive tests required for
diagnosis [ERS requires one or two (depending on the
tests), GINA requires two (one of which must be
obstructed spirometry), and NICE requires two or more
(depending on the tests)]. The requirement from GINA
that airflow obstruction (FEV1/FVC < LLN at any time)
is recorded in addition to one other positive test reduced
the sensitivity of these guidelines; obstruction was never
documented in nearly half of people with asthma (47%).
NICE provides a more complex algorithm, including 15
possible pathways. All participants that followed a ‘sus-
pect asthma and review diagnosis after treatment’
pathway had a diagnosis of asthma, indicating that the
“suspect asthma” pathways might be better-defined as
‘diagnose asthma’. In our study, if those on a ‘suspect
asthma and treat’ pathway were included as asthma,
NICE performance was very similar to GINA, with 100%
specificity but limited sensitivity (∼50%). Our analysis
identified that a large proportion of people where a
diagnosis of asthma was missed by NICE followed a
pathway which did not include tests for BDR or
BCTmeth (Pathway 10). Changing the algorithm in this
regard would improve its sensitivity. For ERS, although
the overall proportion of subjects with an incorrect
diagnosis was the smallest (17%), this guideline both
under and over diagnosed asthma. The low specificity
arose mostly from the pathways which allowed an asthma
diagnosis with FeNO >50 ppb as the only positive test.

Evidence suggests that the majority of adults diag-
nosed with asthma have not undergone lung function
testing at time of diagnosis.3 Furthermore, it has been
shown that preventer treatment could be safely with-
drawn in one third of adults with a recent diagnosis of
asthma. Taken together this indicates that lack of
objective testing at the time of diagnosis is resulting in
overdiagnosis, and overtreatment, indicating a need for
guidance on diagnostic testing. Our findings however
demonstrate that current guidelines generally lack
sensitivity, potentially resulting in underdiagnosis in up
to half of those with asthma.

As most patients first present to their primary care
physician, we propose that it would be most helpful if
diagnostic algorithms started with tests available in a
primary care setting with a high specificity for asthma.
This would allow asthma to be confidently ‘ruled-in’ in a
proportion of patients, who can then start treatment.
Thus, a smaller pool of symptomatic patients can be
referred to secondary care for more complex tests and
an objective assessment of response to treatment, in a
holistic way more akin to the EPOER. Significant
modification would need to be made to all algorithms to
achieve this objective.

A strength of this research is that the population
included only patients with symptoms in-keeping with
asthma who were not taking ICS, as this treatment can
modify test results.5,6 Although completing tests by
following diagnostic algorithms could delay the start of
treatment (mean time to diagnosis in the NICE feasi-
bility study was 53 days compared to 35 days previ-
ously),16 we were interested to observe that most of our
participants reported having had symptoms for a me-
dian of 3 years prior to recruitment to the study. We
fully support the view that wherever possible diagnostic
tests should be completed before the commencement of
treatment, and treatment only started before this when
deemed clinically necessary.5

The European Asthma Research and Innovation
Partnership (EARIP) identified the need to develop tools
for improving asthma diagnosis in their 15 research
priorities.17 Our analysis supports this proposal, as cur-
rent practices provide either excellent specificity but very
poor sensitivity (GINA and NICE) or only reasonable
sensitivity and specificity (ERS), and concordance be-
tween these guidelines is moderate, resulting in more
than one third of patients receiving a different diagnosis
depending on which guideline was used. All guidelines
therefore have significant limitations with regards to
their function in clinical practice and further research is
required to inform the next iteration of asthma diag-
nostic guidelines.
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