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ABSTRACT

Objective The A2 score is an eight-question patient-
reported outcome measure that has been validated for
ruling in (score >4) and ruling out (score 0—1) asthma.
However, this screening tool has been validated in a
cohort similar to the derivation cohort used. This study
aims to validate the predictive accuracy of the A2 score
in a primary care population against general practitioner
(GP) clinical assessment and to determine whether the
proposed cut-offs are the most appropriate.

Design This accuracy study is a secondary analysis of the
EPI-ASTHMA population-based study.

Setting Primary care centres in Portugal.

Participants Random adult participants answered the A2
score by phone interview.

Outcomes Those with an A2 score >1 (plus 5% with an
A2 score of 0) were invited to a diagnostic visit carried
out by a GP to confirm or not a diagnosis of asthma.
Diagnostic accuracy was assessed using receiver
operating characteristic (ROC) curves.

Results A total of 1283 participants (median 54 (p25—-p75
43-66) years; 60% women) were analysed. The A2 score
showed high discriminatory power in identifying asthma,
with an area under the ROC curve of 82.9% (95% Cl
80.4% to 85.4%). The proposed cut-off >4 was the most
appropriate to rule in asthma (specificity 83.1%, positive
predictive value 62.4%, accuracy 78%). Similarly, the
proposed cut-off<2 was the most suitable for excluding
asthma (sensitivity 92.7%, negative predictive value
93.7%, accuracy 60.5%).

Conclusions The A2 score is a useful tool to identify
patients with asthma in a primary care population.
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INTRODUCTION

Asthma is a chronic disease characterised by
a wide range of respiratory symptoms, such
as wheezing, shortness of breath, coughing
and chest tightness, and by a variable expira-
tory airflow limitation, both of which vary in
time and intensity." This is a growing health
problem that affects more than 262 million
people worldwide, making it one of the most
prevalent chronic diseases, which reflects
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study uses a large sample size recruited from
the three most populated regions of Portugal.

= Aninterview guide was used to standardise the pro-
cedures among the interviewers, during the phone
call interview.

= We include only participants from primary care cen-
tres, which may limit the extrapolation of A2 perfor-
mance in other settings.

= As the A2 score was applied during a phone screen-
ing interview, we cannot guarantee that all the
participants fully understood the questions of this
patient-reported outcome measure, and this may
have influenced the results obtained.

a severe burden on the healthcare system.”
The prevalence of asthma varies consider-
ably across continents, ranging from 3.4%
to 8.3%, with Europe having approximately
5.86% of the population suffering from this
disease.”

Differences in asthma prevalence among
regions are mainly due to real regional varia-
tions but may also result from using different
definitions of asthma. Indeed, the definition
of asthma has not been standardised for use
in epidemiological studies, so each study uses
a different questionnaire-based methodology,
leading to varying asthma estimates and the
inability to make comprehensive compari-
sons.”? Ideally, asthma diagnosis is based on
the identification of typical symptoms and
supported by the performance of lung func-
tion tests, such as spirometry with reversibility
test." However, this makes the diagnosis more
expensive and less accessible, especially in
resource-limited regions and in population-
based studies.

The prevalence of asthma symptoms in
epidemiological studies has been mainly
measured through written questionnaires.”
Commonly, literature reports the use of

BM) Group

Laranjeira C, et al. BMJ Open 2024;14:086493. doi:10.1136/bmjopen-2024-086493 1

1ybuAdoo Aq paioaloid "eluosuo)
INVSEIg 191s1aAIuN elesddn 1€ 1202 ‘82 JaquianoN uo jwod fwg uadolway/:dny wouy papeojumoq 20z J9qWIBAON Z U0 £677980-120z-uadolwag/osTT 0T se paysiignd 1say :uado rINg


http://bmjopen.bmj.com/
http://orcid.org/0009-0002-8974-8631
http://orcid.org/0000-0002-1151-8791
http://orcid.org/0000-0002-0233-830X
https://doi.org/10.1136/bmjopen-2024-086493
https://doi.org/10.1136/bmjopen-2024-086493
https://doi.org/10.1136/bmjopen-2024-086493
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2024-086493&domain=pdf&date_stamp=2024-10-01
https://clinicaltrials.gov/show/NCT0516961
http://bmjopen.bmj.com/

questionnaires in multinational epidemiological studies
on asthma prevalence in adults, mainly the European
Community Respiratory Health Survey (ECRHS).® The
Global Allergy and Asthma European Network also
conducted a large multicentre European prevalence
study using a questionnaire mostly based on the asthma
definitions used in the ECRHS,7 and the World Health
Survey provides the most information on asthma preva-
lence in low-income countries.® In fact, the WHO Global
Alliance against Chronic Respiratory Diseases highlights
the importance of the development of simple and afford-
able diagnostic tools for chronic respiratory diseases,
which could be adapted for different realities.” A system-
atic review of the diagnostic accuracy of screening tests for
chronic obstructive pulmonary disease (COPD) compares
the use of the COPD Diagnostic Questionnaire (CDQ)
against handheld flow metres.'"” Moreover, Martinez et al
developed the COPD Assessment in Primary Care to Iden-
tify Undiagnosed Respiratory Disease and Exacerbation
Risk (CAPTURE) questionnaire to identify subjects who
would benefit from further diagnostic investigation."" In
the specific context of asthma, S4 Sousa et al designed and
validated a patientreported outcome measure (PROM)
for asthma screening, the Adult Asthma Epidemiological
Score (A2 score), a short and easy-to-use questionnaire.'”
This was the first self-reported questionnaire to be vali-
dated against a GP clinical assessment and diagnostic
workup for identifying asthma in adults. Furthermore, it
showed the ability to rule in and rule out asthma, meaning
that it can be applied in prevalence studies as well as used
as a screening tool. The cut-offs suggested—score >4to
rule in and scores of 0-1 to rule out—were established
based on positive and negative predictive values (PPV
and NPV, respectively), which are closely related measure-
ments to the prevalence of asthma, so further testing in
epidemiological studies is needed. The A2 score showed
high accuracy in a validation cohort extracted from the
same population of the derivation cohort.'” However,
until now, no validation study applied the A2 score to
another population, lacking external validation.

Therefore, this study aimed to validate the predictive
accuracy of the A2 score against a general practitioner
(GP) clinical assessment and to determine whether
the proposed cut-offs are the most appropriate in this
population.

METHODS

Patient and public involvement

Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of our research.

Study design

This accuracy study is a secondary analysis of the EPI-
ASTHMA population-based nationwide prevalence
study (NCT05169619). Further details regarding this
study can be found elsewhere."” We used data collected
between May 2021 and September 2023 from 34 primary

care centres in the North, Center and Lisbon Metropol-
itan Area of Portugal. All the participants provided oral
informed consent during the phone interview and later a
written informed consent during the clinical assessment
visit. This study was reported according to The Standards
for Reporting of Diagnostic Accuracy Studies (STARD)
guidelines.'

Participants

The EPI-ASTHMA study included a random sample
of subjects aged >18 years who were registered in the
primary care National Health Service (NHS) database
and provided voluntary consent during an invitation
phone call. Those with any specific physical and/or
cognitive disabilities that prevented them from cooper-
ating with the study procedures (including lung function
tests) and/or understanding/answering the self-reported
questionnaires were excluded. This secondary anal-
ysis included part of the patients included in the EPI-
ASTHMA study as data collection for EPILASTHMA study
was still ongoing. All subjects diagnosed with asthma from
the 34 participating primary care centres were included
and those without asthma were randomly selected, in
order to have a final sample of ~30% with asthma and
~70% without. This distribution, similar to the used in
the A2 score original study, was chosen as it is known that
accuracy measurements such as PPV and NPV are highly
dependent on prevalence.'?

Data collection

Participants who fulfilled the eligibility criteria were
invited for a phone screening interview performed by
a centralised team of experienced interviewers. During
the interview, they answered the A2 score.'” This score
includes eight questions: about previous physician
diagnosis (‘Did a physician confirm you had asthma?’
and ‘Do you still have asthma (previously diagnosed by
a physician)?’; about asthma medication intake and
asthma symptoms. The resulting score for each patient
is the direct sum of all positive answers, ranging from 0
to 8. The original authors suggested that asthma pres-
ence could be ruled in for scores of 4 or more (PPV of
93.3%, with 99.2% specificity and 89.4% accuracy) and
ruled out for scores of 0 to 1 (NPV of 98.2%, with 93.1%
sensitivity and 89.4% accuracy).'? Participants with an A2
score 21 were invited to a diagnostic visit undertaken in a
mobile outpatient clinic in the following 1-3 weeks. For
quality control, ~5% of those with an A2 score of 0 were
also invited. The confirmation of an asthma diagnosis
was carried out by a GP and was based on clinical history,
physical examination, lung function tests (spirometry
prebronchodilator and postbronchodilator; fractional
exhaled nitric oxide measurement), peripheral blood
counts (eosinophil) and PROMs (eg, A2 score, Control
of Allergic Rhinitis and Asthma Test)."” !> Diagnosis of
asthma followed Global Initiative for Asthma (GINA)
recommendations,' relying primarily on the presence
and pattern of respiratory symptoms (wheeze, shortness
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Diagnostic visit n=1283
A2 score =1 (n=1122)
A2 score 0 (n=161)

; ;

Asthma n=385
(88% A2 score >1
2% A2 score 0)

No asthma n=898
(83% A2 score >1
17% A2 score 0)

Figure 1 Study flow diagram (n=1283).

of breath, chest tightness or cough) and supported by
objective lung function findings such variable expiratory
airflow limitation and high FeNO levels and other objec-
tive collected data (eosinophil).

Analysis

To describe the characteristics of the participants, mean
and SD were used for normally distributed variables, while
median and IQR (p25—p75) were used for skewed distri-
butions. As for categorical variables, absolute frequencies,
proportions and 95% CI were performed. To compare
continuous variables between patients with and without
asthma, t-tests for independent samples or Mann-Whitney
tests were used depending on the normality of variables.
To assess associations between two categorical variables,
a x* test was performed. Internal consistency of the A2
score was assessed by Cronbach o, which was considered

adequate if >0.70."° To evaluate the discriminative power
of the A2 score in comparison to the GP asthma diag-
nosis, receiver operating characteristic (ROC) curve
analysis was carried out. Sensitivity, specificity, PPV, NPV
and accuracy were used as diagnostic accuracy measures.
The two cut-off points were validated by analysing the
ROC curve performance, which included calculating
the Youden index (sensitivity+specificity-1)'” ** and the
combination of PPV, NPV, sensitivity and specificity. In
making the selection, we also considered the previous cut-
offs suggested'? and the fact that a PPV of at least 50% is
reasonable for rule in."? Statistical analysis was performed
using IBM SPSS Statistics, V.29 (IBM Corp, Armonk, New
York). A p value of less than 0.05 was considered statisti-
cally significant.

RESULTS

Participants

This secondary analysis included 1283 participants
(figure 1), with a median age (p25-p75) of 54 (43-66)
years old, of which 60% were women (table 1). There
were no statistically significant differences between partic-
ipants with and without asthma regarding age, gender,
body mass index, smoking status or geographic region of
residence (p>0.05) (table 1). Sample characteristics are
shown in table 1.

Diagnostic accuracy of the A2 score

Participants with asthma had a A2 score median (p25-
p75) significantly higher than those without asthma (5
(3-6) vs 2 (1-3), p<0.001) (table 1). Internal consistency

Table 1 Characterisation of the population

Asthma (N=385) No asthma (N=898) Total (N=1283) P value
Age (years), median (p25-p75) 52 (41-66) 54 (44-66) 54 (43-66) 0.074*
Female, n (%) 241 (62.6) 527 (58.7) 768 (60.0) 0.190t
BMI (kg/m?), median (p25-p75) 27.1 (23.9-30.6)F 26.5 (23.9-30.1)§ 26.7 (23.9-30.4) 0.212*
Smoking status, n (%) 0.196*
Never smoker 216 (56.1)9] 456 (50.8)** 672 (52.4)
Current smoker 72 (18.7) 198 (22.0) 270 (21.0)
Ex-smoker 96 (24.9) 241 (26.8) 337 (26.3)
Region, n (%) 0.998t
North 148 (38.4) 345 (38.4) 493 (38.4)
Center 66 (17.1) 154 (17.1) 220 (17.1)
Lisbon Metropolitan Area 171 (44.4) 399 (44.4) 570 (44.4)
A2 score, median (p25-p75) 5 (3-6) 2 (1-3) 2 (1-4) <0.001*
p25-p75, percentile 25 to percentile 75
*Mann-Witney U test.
12 test.
}8 missing values.
§17 missing values.
911 missing values.
**3 missing values.
BMI, body mass index.
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Figure 2 Receiver operating characteristics (ROC) curve for
the A2 score.

of the A2 score was adequate (Cronbach’s o 0.746). The
graphic representation of the ability of the A2 score to
discriminate between participants with and without
asthma is shown in figure 2. As the cut-off point increases,
the A2 score becomes more sensitive and less specific,
the PPV increases and the NPV decreases (table 2). Thus,
the higher the score, the more likely it is to predict the
asthma diagnosis, however, the higher the false-positive
rate.

The discriminatory capacity of the A2 score, summarised
by the area under the ROC curve (AUC), was 82.9%
(95% CI 80.4 to 85.4). The predictive power of each cut-
off point is shown in table 2. The Youden index is at its
highest value when the cut point is set at 3 (sensitivity
82%, specificity 69.3%, NPV 89.9% and PPV 53.3%). This
corresponds to the optimal trade-off between sensitivity
and specificity. To meet the purpose of our study, a cut-
off point of less than 2 positive answers (scores of 0 or
1) was chosen to exclude the presence of asthma. This
cut-off point showed a high ability to select individuals

who should undergo further diagnostic evaluation, and
NPV of 93.7% was obtained, with high sensitivity (92.7%)
and an accuracy of 60.5% (table 2). Both cut-offs >4 or
=5 could be appropriate to rule in asthma based on their
accuracy in identifying asthma cases. Nevertheless, a cut-
off of 4 or higher, with a PPV of 62.4%, and a specificity of
83.1%, was selected as being reasonable accurate in iden-
tifying asthma cases (78%) (table 2).

DISCUSSION
This secondary analysis was the first external validation of
the accuracy of the A2 score self-reported questionnaire.
The A2 score showed good discriminatory power for
asthma diagnosis in a Portuguese primary care popula-
tion. The proposed cut-offs (scores >4 to rule in and scores
0-1 to rule out) were validated in this study population.

There is sparse literature on the performance of predic-
tive scores for adult asthma. In a pilot study, the Asthma
Screening Questionnaire (ASQ), an asthma screening
tool, showed high sensitivity (96%) and specificity
(100%) to discriminate between asthma cases and control
subjects.20 Accuracy of the A2 score could be interpreted
as lower than this ASQ. However, it is important to note
that the study conducted by Shin et alwas based on a small
sample size of 50 participants.20 Additionally, the high
accuracy reported may be attributed to the methodology
used: the cases were recruited from a clinical setting so
they may report more symptoms, while the controls were
healthy and asymptomatic subjects, and all confounding
comorbid conditions were excluded.® In contrast, all
participants in our study were randomly recruited from
primary care centres, better mimicking the performance
of a screening tool in clinical practice.

Pekkanen et al used the ECRHS definitions to develop
a continuous asthma score that can identify individuals
for further investigation.21 This method uses the same
number of questions as the A2 score questionnaire, mainly
based on symptom evaluation. However, the main differ-
ence lies in the comparator used: the ECRHS score only
compares its results with bronchial hyperreactivity; while

Table 2 Diagnostic accuracy measures and predictive values

Sensitivity % Specificity %

A2 score N (%) (95% Cl) (95% Cl) PPV % (95% Cl) NPV % (95% CI)

>1 1122 (66.0) 97.9 (96.0 to 99.1) 17.0 (14.6 to 19.7) 33.6 (32.9 to 34.3) 95.0 (90.5 to 97.5)
>2 836 (49.2) 92.7 (89.7 to 95.1) 46.7 (43.4 to 50.0) 42.7 (41.1 to 44.4) 93.7 (91.2 to 95.6)
>3 591 (34.8) 82.0 (77.6 to 85.5) 69.3 (66.1 to 72.3) 53.3 (50.6 to 56.0) 89.9 (87.7 t0 91.7)
>4 404 (23.8) 65.5 (60.5 to 70.2) 83.1 (80.5 to 85.5) 62.4 (58.5 to 66.1) 84.9 (83.0 to 86.6)
>5 282 (16.6) 54.3 (49.2 to 59.4) 91.9 (89.9 to 93.6) 74.1 (69.3 to 78.4) 82.4 (80.8 to 83.9)
>6 188 (11.1) 38.7 (33.8 to 43.8) 95.7 (94.1 t0 96.9) 79.3 (73.3 t0 84.2) 78.5 (77.1 to0 79.8)
>7 108 (6.4) 22.6 (18.5 to 27.1) 97.7 (96.5 to 98.6) 80.6 (72.3 to 86.8) 74.6 (73.6 to0 75.7)
8 50 (2.9) 10.7 (7.8 to 14.2) 99.0 (98.1 to 99.5) 82.0 (69.1 to 90.3) 721 (71.4 10 72.8)

A2 score, Adult Asthma Epidemiological Score; NPV, predictive negative value; PPV, predictive positive value.
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the A2 score incorporates a GP clinical assessment that
includes clinical history, physical examination, pulmo-
nary function tests, peripheral blood counts, and PROM:s.
The ECRHS questionnaire was applied to the original A2
score study’s data. The study reported an AUC of 86.8%
(95% CI: 82.8 to 90.8%), a sensitivity of 87.2% (95% CIL:
80.3 t0 92.4%), and a specificity of 98.4% (95% CI: 96.7 to
99.8%)."* Compared with the ECRHS questionnaire, the
A2 score showed, in our sample, overlapping discrimina-
tion power (AUC 82.9%, 95% CI: 80.4 to 85.4%), higher
sensitivity to exclude the presence of asthma (92.7%, 95%
CI: 89.7% t0 95.1%) and low specificity to identify asthma
(83.1%, 95% CI: 80.5% to 85.5%).

The accuracy of A2 score is also high when compared
with the accuracy of other known COPD screening tools.
A systematic review found a pooled sensitivity of 64.5%
(95% CI: 59.9 to 68.8%) and specificity of 65.2% (95%
CI: 529 to 75.8%) for the CDQ.IO In our sample, the
cut-off selected to rule out asthma (scores of 0 or 1) had
higher sensitivity than that reported for the CDQ (92.7%
vs 64.5% respectively), and the cut-off to rule in asthma
(scores>4) had higher specificity (83.1% vs 65.2% respec-
tively).'” The CAPTURE questionnaire had lower discrim-
ination power than the A2 score (AUC of 79.5% vs 82.9%
respectively).'’ This case-finding questionnaire showed a
sensitivity of 95.7% and a specificity of 67.8% in differen-
tiating cases from the control subjects with no COPD."!
Compared with the CAPTURE questionnaire’s diagnostic
accuracy, our validation study had slightly lower sensitivity
to exclude the presence of the disease (92.7% vs 95.7%
respectively) and higher specificity to identify the pres-
ence of the disease (83.1% vs 67.8%, respectively)."!

To select the optimal cut-off points, a balance between
sensitivity and specificity is necessary and should be
adapted to meet the specific purposes of the score.” When
conducting prevalence studies, it is more crucial to have
a cut point with high specificity rather than sensitivity,
as the focus is to rule in asthma with few false positives.
However, high sensitivity is preferable when the focus is
on identifying patients who are candidates for further
diagnostic investigation. Therefore, we believe that a cut
point with few missed cases is better suited for use as a
screening tool or, in this case, to rule out asthma. For this
reason, even though the cut point of 3 corresponds to
the highest Youden index, we considered that a cut point
of 4 or higher to rule in asthma and a cut point of less
than 2 to rule out asthma as the most appropriate in our
sample, validating the cut-offs proposed by the authors of
this score. Moreover, they reported a specificity of 96.7%
(95% CI: 94.6 to 98.2%) and PPV of 85% (95% CI: 76.8 to
90.6%) for the rule in cut—off,12 while in our sample, this
cut-off showed lower specificity (83.1%, 95% CI: 80.5 to
85.5%) and PPV (62.4%, 95% CI: 58.5 to 66.1%).

According to Price et al, a PPV of at least 50% is reason-
able," so although the PPV found in our study is lower
than that reported by Sa-Sousa et al, it is still very reason-
able. For the rule out cutoff, the authors reported a
sensitivity of 85.7% (95% CI: 78.6 to 91.2%) and a NPV

of 95% (95% CI: 92.5 to 96.6%)."* In our sample, this
cut-off point had overlapping sensitivity (92.7%, 95%
CI: 89.7 to 95.1%) and NPV (93.7%, 95% CI: 91.2 to
95.6%). The discriminative power (AUC; 95% CI) found
is slightly lower than that reported by the authors (82.9%;
80.4-85.4% and 90.4%; 87.0-93.9%, respectively). These
differences in the measures of diagnostic accuracy and
discriminative power may be attributed to variations in
symptom prevalence and asthma severity in the specific
settings, as well as differences in sample sizes. In fact, our
study has a considerably larger sample size compared with
the original A2 score study.

This study has strengths and limitations that should
be acknowledged. The large sample size recruited from
the three most populated regions of the country is an
important strength. However, we did not include any
participants from the primary care centres of southern
Portugal. This study used a sample taken only from
primary care, which may limit the extrapolation of results
to other settings. In future studies, researchers should
validate this score in other settings.

Another strength is the fact that we excluded patients
with any cognitive disability that would prevent them
from understanding or answering the A2 score autono-
mously. However, as this eligibility screening was made
during a phone call interview, we cannot guarantee that
all the participants fully understood the questions of the
score, and this may have influenced the results. In addi-
tion, the A2 score was applied by different healthcare
professionals which may also have led to small differences
in the administration of the A2 score. To overcome this
limitation, an interview guide was used to standardise the
procedures among the interviewers. Future studies could
compare the reliability of the A2 score applied as an elec-
tronic PROM and as a phone interview.

Of note, validation against a GP clinical assessment
grounded in objective measures and diagnostic tests is
also a major strength. This differs from other asthma
screening questionnaires, which were only validated
against a physician’s diagnosis,” or based solely on lung
functional tests such as spirometry and methacholine
challenge test.*’

Moreover, the choice of cut-offs was not based solely on
PPV and NPV but also on the ROC curve performance
and the Youden index, which is a strength of this study
compared with other questionnaire validation studies,
including the A2 score original study. The advantage of
the ROC curve analysis is that since it is based on sensitivity
and specificity, it is independent of disease prevalence.'®

CONCLUSIONS

The A2 score is a simple and easily self-administered
eight-question case-finding tool that has demon-
strated good discriminatory power in a large primary
care population of Portugal. In this validation study,
the A2 score showed good diagnostic accuracy to
be used in epidemiological studies, assessing the
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