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Abstract

Rationale: The prevalence and diagnostic utility of bronchodilator
responsiveness (BDR) in a real-life setting is unclear.

Objective: To explore this uncertainty in patients aged
>12 years with physician-assigned diagnoses of asthma, asthma
and chronic obstructive pulmonary disease (COPD), or COPD in
NOVELTY, a prospective cohort study in primary and secondary
care in 18 countries.

Methods: The proportion of patients with a positive BDR test in
each diagnostic category was calculated using 2005 (DFEV1 or DFVC
>12% and>200ml) and 2021 (DFEV1 or DFVC.10% predicted)
European Respiratory Society/American Thoracic Society criteria.

Measurements and Main Results: We studied 3,519 patients
with a physician-assigned diagnosis of asthma, 833 with a
diagnosis of asthma1COPD, and 2,436 with a diagnosis of
COPD. The prevalence of BDR was 19.7% (asthma), 29.6%
(asthma1COPD), and 24.7% (COPD) using 2005 criteria and

18.1%, 23.3%, and 18.0%, respectively, using 2021 criteria. Using 2021
criteria in patients diagnosed with asthma, BDR was associated with
higher fractional exhaled nitric oxide; lower lung function; higher
symptom burden; more frequent hospital admissions; and greater use
of triple therapy, oral corticosteroids, or biologics. In patients
diagnosed with COPD, BDR (2021) was associated with lower lung
function and higher symptom burden.

Conclusions: BDR prevalence in patients with chronic airway
diseases receiving treatment ranges from 18% to 30%, being modestly
lower with the 2021 than with the 2005 European Respiratory
Society/American Thoracic Society criteria, and it is associated with
lower lung function and greater symptom burden. These observations
question the validity of BDR as a key diagnostic tool for asthma
managed in clinical practice or as a standard inclusion criterion for
clinical trials of asthma and instead suggest that BDR be considered a
treatable trait for chronic airway disease.
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Asthma and chronic obstructive pulmonary
disease (COPD) are the twomost prevalent
airway diseases. Their clinical presentations
often overlap, so accurate diagnosis is often
difficult. This is relevant because they need
different treatment approaches. In patients
with asthma, the use of inhaled

corticosteroids (ICS) is mandatory, based on
the risk of hospitalization and death with use
of bronchodilators (BDs) alone, whereas in
patients with COPD, long-acting muscarinic
antagonists or long-acting b-agonists (with
or without ICS) are the cornerstone of
pharmacologic treatment (1, 2).

Traditionally, enhanced bronchodilator
responsiveness (BDR) has been considered
diagnostic of asthma, although it is
recognized that positive BDRmay also occur
in some patients with COPD (3). According
to the 2005 European Respiratory Society
(ERS)/American Thoracic Society (ATS)
guideline criteria, BDR was defined by an
increase in FEV1 or FVC of>12% and
>200ml from baseline (4). More recently, in
2021, the ERS/ATS Technical Standard Task
Force recommended that BDR be defined as
a change (D) in FEV1 or FVC of.10%
relative to the predicted value (5). This new
criterion was intended to minimize the sex
and height differences in assessing BDR and
to reduce the influence of baseline lung
function. It was based on epidemiological
data in healthy adults showing that the upper
limit (95th percentile) of the range of
responses was between 10.1% and 11.6% of
predicted for DFEV1 and between 9.6% and
10.2% of predicted forDFVC (6, 7). The
inclusion by both task forces of FVC, as an
alternative to FEV1, was based on the
evidence that FVC better reflects the
physiological process of air trapping (8–12).
Whether the 2021 ERS/ATS criteria result in
better differentiation of asthma from COPD
in clinical practice or for eligibility for clinical
trials is unknown. The aim of this studywas
to compare the prevalence, diagnostic utility,
and associated clinical characteristics of BDR
in adult patients with physician-assigned
asthma, asthma andCOPD (referred to as
asthma1COPD in this article), or COPD in
a large, global, real-life clinical practice setting.

Methods

Participants
We analyzed data from participants in
NOVELTY (Observational Study of
Obstructive Lung Disease), a
noninterventional, prospective cohort study
of patients with physician-diagnosed or
suspected asthma and/or COPD aged over

12 years from 18 countries (13). Patients
were recruited between July 2016 andMarch
2018 from both primary and secondary care
sites. Recruitment to the study was stratified
by physician-assigned severity; no specific
diagnostic or severity criteria were provided
to physicians. Details of the study have been
reported previously (13, 14).

The analysis population includes all
patients at sites who undertook pre- and
post-BDR testing at the baseline visit with
salbutamol (albuterol) or terbutaline as the
BD. The patient flow diagram is shown in
the online supplement (see Figure E1 in the
online supplement).

Participants in the study were grouped
according to a physician-assigned diagnosis
of asthma, asthma1COPD, and COPD.
A sensitivity analysis was undertaken in the
subsets of patients considered as having
high-likelihood asthma or COPD based on
the basis of the following criteria:

� High-likelihood asthma: physician
diagnosis of asthma only, asthma
symptom onset before age 40, less than 5
pack-years of smoking exposure

� High-likelihood COPD: physician
diagnosis of COPD only, COPD
symptom onset at age greater than 40, at
least 10 pack-years of smoking exposure,
post-BD FEV1/FVC,0.7

BD Testing and Criteria
Measurement of FEV1 and FVCwas
undertaken by spirometry, performed by sites
trained to the relevant ERS/ATS standards
(15). Spirometers were provided to 253 sites
(Masterscope, Clario) or performed on
accredited site spirometers when available.
Spirometry was undertaken at baseline and
again 15 to 30minutes after administration of
a BD, with the doses used according to local
practice. The present analyses were limited to
patients for whom the BDwas a short-acting
b-agonist (nebulized or inhaled
salbutamol/albuterol or terbutaline). Patients
were instructed to withhold their short-acting
bronchodilation medication(s) for at least
6hours before visits when performing
reversibility testing and long-acting BDs (with
or without ICS) for 12–24hours, depending
on whether the patient was using twice- or
once-daily therapy.

At a Glance Commentary

Scientific Knowledge on the
Subject: The prevalence and
diagnostic utility of bronchodilator
responsiveness (BDR) in a real-life
setting is unclear. In 2021, the
European Respiratory Society/
American Thoracic Society task force
recommended that BDR be defined
as a change (D) of FEV1 or FVC
.10% predicted, replacing the
previous 2005 definition (DFEV1 or
DFVC >12% and >200ml). How
the use of these two criteria impacts
the prevalence and diagnostic utility
of BDR in clinical practice is unclear.

What This Study Adds to the
Field: This cross-sectional analysis
of 6,788 participants from 18
countries with physician-assigned
labels of asthma, asthma and
chronic obstructive pulmonary
disease, or chronic obstructive
pulmonary disease in primary and
secondary care showed that the
prevalence of a positive BDR in
patients with chronic airway
diseases ranged from 18.0% to
29.6%, being modestly lower with
the 2021 compared with the 2005
European Respiratory
Society/American Thoracic Society
criteria, and was associated with
worse lung function and greater
symptom burden. These
observations question the validity of
BDR as a key diagnostic criterion
for asthma managed in clinical
practice or as a standard inclusion
criterion for clinical trials of
asthma. We suggest that it should
instead be considered a treatable
trait in clinical practice.

This article has a related editorial.

This article has an online supplement, which is accessible from this issue’s table of contents at www.atsjournals.org.
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Positive BDR was defined using the
following ERS/ATS criteria:

� ERS/ATS 2005: change in FEV1 or
FVC>12% and>200 ml relative to
pre-BD (DFEV1 or DFVC>12% and
>200 ml) (4)

� ERS/ATS 2021: change in FEV1 or
DFVC.10% relative to the
corresponding percent predicted
(DFEV1 or DFVC.10% predicted) (5)
In addition, we evaluated the following:

� Change in FEV1 >12% and>200 ml
relative to pre-BD (DFEV1 >12% and
>200 ml)

� Change in FVC>12% and>200 ml
relative to pre-BD (DFVC>12% and
>200 ml)

� Change in FEV1 .10% relative to the
corresponding percent predicted FEV1

(DFEV1 .10% predicted)
� Change in FVC.10% relative to the

corresponding percent predicted FVC
(DFVC.10% predicted)

� Change in FEV1 >15% and>400 ml
relative to pre-BD (DFEV1 >15% and
>400 ml)

The predicted values for FEV1 and FVC
were derived from the ERS Global Lung
Function Initiative reference equations (16).

Statistical Analysis
Statistical analysis was performed using the
R version 4.1.0 statistical package. P values
are displayed for descriptive purposes and
are based on the chi-square test for the
comparison of categorical variables and one-
way ANOVA or Kruskal-WallisH-test for
normal or nonnormal continuous variables,
respectively. P values were considered
significant at the 0.05 a-level. Missing values
were excluded from denominators for
proportions. Logistic regression models
(unadjusted and adjusted) were developed
to assess the associations of BDR with other
clinical characteristics at baseline according
to each BDR definition, separately within
asthma and COPD. Results are reported as
odds ratios (ORs) with 95% confidence
intervals (CIs). Adjusted ORs (for age and
sex) are provided in the online supplement.
Receiver operating characteristic curve
analysis was used to assess the utility of
each BDR criterion for distinguishing

physician-assigned asthma from COPD.
Results are reported as sensitivity, specificity,
and area under the curve. BDR prevalence
and discrimination analyses were repeated in
the subgroups of “high-likelihood” asthma
or COPD, as defined earlier. The absolute
change in FEV1 with the BD (mean and
interquartile range) is presented by deciles
of pre-BD FEV1 percent predicted for
different disease groupings. In post hoc
analyses, the association of baseline BDR
(following the 2005 and 2021 definitions)
with the probability of experiencing one
or more moderate/severe exacerbations
during 1-year follow-up was presented by
calculation of ORs, based on unadjusted and
adjusted logistic regression models fitted
within each diagnosis group separately, and
the overall group that included all diagnoses.

Results

We included 6,788 patients in this analysis,
3,519 with a physician-assigned diagnosis of
asthma, 833 with a diagnosis of asthma1
COPD, and 2,436 with a diagnosis of COPD

Table 1. Distribution of BDR and Discrimination Statistics, by Physician-assigned Diagnosis for Different BDR Definitions

Asthma and COPD
(n=833)

Asthma vs. COPD

BDR Definition Asthma (n=3,519) COPD (n=2,436) AUC (95% CI)
Sensitivity,
Specificity

DFEV1 or DFVC >12% and
>200ml

631/3,196 (19.7%) 224/757 (29.6%) 552/2,239 (24.7%) 0.597 (0.572, 0.622) 0.55, 0.30

DFEV1 >12% and >200ml 548/3,229 (17.0%) 179/760 (23.6%) 317/2,242 (14.1%) 0.659 (0.629, 0.690) 0.58, 0.21
DFVC >12% and >200ml 298/3,228 (9.2%) 143/758 (18.9%) 409/2,256 (18.1%) 0.592 (0.562, 0.622) 0.42, 0.43
DFEV1 >15% and >400ml 228/3,229 (7.1%) 42/760 (5.5%) 52/2,242 (2.3%) 0.727 (0.652, 0.803) 0.80, 0.07
DFEV1 .10% pred 482/3,176 (15.2%) 114/750 (15.2%) 177/2,207 (8.0%) 0.571 (0.555, 0.586) 0.15, 0.92
DFVC .10% pred 279/3,175 (8.8%) 130/748 (17.4%) 326/2,221 (14.7%) 0.578 (0.562, 0.593) 0.09, 0.86
DFEV1 or DFVC .10% pred 569/3,143 (18.1%) 174/747 (23.3%) 396/2,204 (18.0%) 0.505 (0.490, 0.521) 0.18, 0.82
High-likelihood asthma

or COPD (1) Asthma HL (n=1,820) COPD HL (n=1,260) AUC (95% CI)
Sensitivity,
Specificity

DFEV1 or DFVC >12% and
>200ml

351/1,658 (21.2%) 338/1,222 (27.7%) 0.619 (0.586, 0.652) 0.54, 0.26

DFEV1 >12% and >200ml 313/1,681 (18.6%) 176/1,223 (14.4%) 0.703 (0.664, 0.742) 0.56, 0.17
DFVC >12% and >200ml 153/1,676 (9.1%) 260/1,227 (21.2%) 0.602 (0.562, 0.642) 0.42, 0.40
DFEV1 >15% and >400ml 148/1,681 (8.8%) 24/1,223 (2.0%) 0.765 (0.673, 0.857) 0.80, 0.04
DFEV1 .10% pred 275/1,652 (16.6%) 89/1,203 (7.4%) 0.592 (0.572, 0.613) 0.16, 0.93
DFVC .10% pred 134/1,647 (8.1%) 210/1,207 (17.4%) 0.614 (0.593, 0.635) 0.08, 0.83
DFEV1 or DFVC .10% pred 315/1,629 (19.3%) 242/1,202 (20.1%) 0.508 (0.487, 0.530) 0.19, 0.80

Definition of abbreviations: AUC=area under the curve; BDR=bronchodilator responsiveness; CI= confidence interval; COPD=chronic
obstructive pulmonary disease; HL=high likelihood; ROC= receiver operating characteristic; pred=predicted.
D denotes the difference between the pre- and post-bronchodilator values. This table shows the distribution of BDR for different BDR definitions
across patients diagnosed with asthma and/or COPD (top) and among patients with high-likelihood asthma or COPD (bottom). The last column
displays results from a ROC curve analysis evaluating the ability to discriminate between asthma-only and COPD-only patients (1). High-
likelihood asthma was defined as physician diagnosis of asthma only, asthma symptom onset before age 40, and less than 5 pack-years of
smoking exposure. High-likelihood COPD was defined as physician diagnosis of COPD only, COPD symptom onset at age greater than 40, at
least 10 pack-years smoking exposure, and post-bronchodilator FEV1/FVC ,0.7.
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Figure 1. (A–C) Prevalence of bronchodilator responsiveness (BDR) according to different BDR definitions among patients with physician-
assigned asthma, COPD, or both. COPD=chronic obstructive pulmonary disease; pred=predicted.
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Figure 2. (A–C) Relative change in FEV1 post-bronchodilator (post-BD) and frequency in bronchodilator responsiveness (BDR) positive patients
by pre-BD FEV1 percent predicted, defining BDR positive as post-BD DFEV1 or DFVC .10% predicted (European Respiratory Society/American
Thoracic Society 2021 criteria). The columns show the median change in FEV1 (ml) after BD (BDR). The vertical dotted lines correspond to the
interquartile range. The red line and percentages correspond to the proportions of patients meeting BDR positive criteria defined as DFEV1 or
DFVC .10% predicted. The numbers in parentheses correspond to (min-max) for each decile of pre-BD FEV1 % predicted. COPD=chronic
obstructive pulmonary disease; pred=predicted.
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Table 2. Characteristics of Patients with a Physician Diagnosis of Asthma or COPD, by BDR Status Based on DFEV1 or DFVC
>10% Predicted

Variable

Asthma (DFEV1
and DFVC <10%
pred) (n=2,574)

Asthma (DFEV1 or
DFVC >10% pred)

(n=569)
P

Value

COPD (DFEV1 and
DFVC <10% pred)

(n=1,808)

COPD (DFEV1 or
DFVC >10% pred)

(n=396)
P

Value

Age, yr 50.65 (17.20) 49.61 (18.70) 66.82 (9.10) 67.47 (8.92)
Men 964/2,574 (37.5%) 220/569 (38.7%) 1,111/1,808 (61.4%) 250/396 (63.1%)
White race 2,046/2,574 (79.5%) 462/569 (81.2%) 1,579/1,808 (87.3%) 340/396 (85.9%)
BMI, kg/m2 28.19 (6.75) 28.12 (6.16) 27.64 (6.18) 26.96 (5.62) *
Smoking status
Current smoker 202/2,574 (7.8%) 53/569 (9.3%) 502/1,808 (27.8%) 117/396 (29.5%)
Former smoker 748/2,574 (29.1%) 149/569 (26.2%) 1,198/1,808 (66.3%) 254/396 (64.1%)
Never smoker 1,624/2,574 (63.1%) 367/569 (64.5%) 108/1,808 (6.0%) 25/396 (6.3%)

Years since diagnosis 18.99 (17.44) 20.32 (17.37) 7.91 (8.76) 7.23 (6.37)
Age at symptom onset 28.39 (20.71) 26.14 (20.48) * 53.25 (16.66) 53.35 (16.87)
Lung function
Post FEV1, % pred 86.98 (20.42) 86.14 (20.72) 60.42 (23.16) 59.06 (21.96)
Post FEV1/FVC, % 75.84 (11.75) 71.43 (12.15) *** 56.63 (16.33) 52.13 (15.96) ***
Post FEV1/FVC below LLN 490/2,574 (19.0%) 206/569 (36.2%) *** 1,153/1,807 (63.8%) 311/396 (78.5%) ***
Post FEF25–75, % pred 83.28 (38.33) 74.41 (39.27) *** 48.73 (35.59) 43.34 (36.65) *

Biomarkers
Blood EOS, cells/μl 220.65 (171.72) 239.89 (168.60) 175.10 (112.42) 194.12 (162.64) *
Blood EOS, cells/μl *

,150 483/1,183 (40.8%) 90 (32.6%) 455/922 (49.3%) 104/216 (48.1%)
150–299 430/1,183 (36.3%) 112 (40.6%) 356/922 (38.6%) 78/216 (36.1%)
3001 270/1,183 (22.8%) 74 (26.8%) 111/922 (12.0%) 34/216 (15.7%)
>300 cells/μl 270/1,183 (22.8%) 74 (26.8%) 111/922 (12.0%) 34/216 (15.7%)

FENO, ppb 30.11 (27.54) 40.98 (36.51) *** 19.48 (16.52) 21.61 (21.33) *
FENO, >25ppb 997/2,326 (42.9%) 298/515 (57.9%) *** 374/1,540 (24.3%) 84/330 (25.5%)
Blood neutrophils, 109/L 4.53 (1.84) 4.50 (1.95) 5.07 (1.83) 4.88 (1.86)

Exacerbations and symptoms
>1 mod/severe exacerbation

last 12mo
834/2,569 (32.5%) 211/568 (37.1%) 683/1,806 (37.8%) 156/396 (39.4%)

>1 admission for exacerbation
last 12mo

97/2,569 (3.8%) 42/568 (7.4%) ** 229/1,806 (12.7%) 50/396 (12.6%)

SGRQ total score 29.98 (20.58) 35.82 (22.12) *** 41.89 (21.77) 45.17 (20.81) **
Freq wheezing last 3mo 567/1,744 (32.5%) 141/378 (37.3%) ** 616/1,311 (47.0%) 142/271 (52.4%)
Freq productive cough last

3mo
423/1,741 (24.3%) 114/377 (30.2%) *** 489/1,310 (37.3%) 110/271 (40.6%)

Freq breathlessness last 3mo 585/1,755 (33.3%) 162/381 (42.5%) *** 681/1,312 (51.9%) 144/272 (52.9%)
mMRC dyspnea grade >2 503/2,479 (20.3%) 148/559 (26.5%) *** 964/1,783 (54.1%) 225/389 (57.8%)

Respiratory medications
Reliever only 246/2,348 (10.5%) 63/526 (12.0%) 116/1,616 (7.2%) 35/350 (10.0%)
ICS (any) 1,990/2,348 (84.8%) 441/526 (83.8%) 938/1,616 (58.0%) 194/350 (55.4%)
ICS1LABA, no LAMA 1,379/2,348 (58.7%) 272/526 (51.7%) ** 230/1,616 (14.2%) 46/350 (13.1%)
Triple ICS1 LABA1LAMA

(open/fixed)
302/2,348 (12.9%) 89/526 (16.9%) *** 616/1,616 (38.1%) 118/350 (33.7%)

LAMA1LABA, no ICS 31/2,348 (1.3%) 8/526 (1.5%) 547/1,616 (33.8%) 118/350 (33.7%)
Add-on treatments 644/2,348 (27.4%) 124/526 (23.6%) 122/1,616 (7.5%) 28/350 (8.0%)
OCS maintenance 63/2,348 (2.7%) 26/526 (4.9%) *** 18/1,616 (1.1%) 6/350 (1.7%)
Biologics 221/2,348 (9.4%) 71/526 (13.5%) ** — 1/350 (0.3%)

Medical history
Chronic bronchitis 33/2,574 (1.3%) 7/569 (1.2%) 66/1,808 (3.7%) 13/396 (3.3%)
Emphysema 45/2,574 (1.7%) 13/569 (2.3%) 728/1,808 (40.3%) 164/396 (41.4%)
Bronchiectasis 133/2,574 (5.2%) 24/569 (4.2%) 117/1,808 (6.5%) 31/396 (7.8%)
Obstructive sleep apnea 196/2,574 (7.6%) 34/569 (6.0%) 166/1,808 (9.2%) 42/396 (10.6%)
Allergy (excluding food/drug) 1807/2,574 (70.2%) 395/569 (69.4%) 302/1,808 (16.7%) 62/396 (15.7%)
Chronic rhino-/sinusitis 1581/2,574 (61.4%) 334/569 (58.7%) 254/1,808 (14.0%) 41/396 (10.4%) *
Nasal/sinus polyps 147/2,574 (5.7%) 36/569 (6.3%) 13/1,808 (0.7%) 2/396 (0.5%)
CHD (MI or HF) 29/2,574 (1.1%) 11/569 (1.9%) 139/1,808 (7.7%) 29/396 (7.3%)
Type 2 diabetes 206/2,574 (8.0%) 47/569 (8.3%) 293/1,808 (16.2%) 54/396 (13.6%)
Hypertension 588/2,574 (22.8%) 127/569 (22.3%) 813/1,808 (45.0%) 177/396 (44.7%)
GERD 372/2,574 (14.5%) 60/569 (10.5%) * 264/1,808 (14.6%) 42/396 (10.6%) *
Osteoarthritis/unspecified

arthritis
209/2,574 (8.1%) 39/569 (6.9%) 195/1,808 (10.8%) 50/396 (12.6%)

(Continued)
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(Table 1 and Figure E1). For asthma, a
minority of participants had a positive
BDR, regardless of the BDR definition used
(Table 1). With the 2021 criteria (DFEV1 or
DFVC.10% predicted), the proportions
with positive BDR for asthma, asthma1
COPD, and COPDwere 18.1%, 23.3%, and
18.0%, respectively. These proportions were
lower than when the 2005 criteria (DFEV1

orDFVC>12% and>200ml) were used,
particularly for patients with asthma1COPD
and COPD (19.7% for asthma, 29.6% for
asthma1COPD, and 24.7% for COPD). For
the criterion ofDFEV1.10% predicted, the
proportion with a positive BDRwas lower for
COPD, whereas forDFVC.10% predicted,
the proportion with a positive BDRwas lower
for asthma.When omitting FVC from the
2005 criteria (i.e., defining BDR positive
based onDFEV1>12% and>200ml), the
proportions with positive BDR (17%, 23.6%,
and 14.1% for asthma, asthma1COPD, and
COPD, respectively) were similar to those for
DFEV1 orDFVC.10% predicted for asthma
and for asthma1COPD but lower for
COPD.

For each BDR criterion, the proportions
with a positive result in the asthma and/or
COPD diagnostic groups were similar when
a broad or high-likelihood definition was
used (Table 1). For asthma and for asthma1
COPD, the proportion with positive BDR
increased with increasing physician-assessed
severity across the different BDR criteria
(Figure 1 and Table E1). In contrast, for
COPD, this trend was less marked (Figure 1
and Table E1).

For asthma, asthma1COPD, and
COPD, the proportion with positive BDR
increased with progressively lower pre-BD
FEV1 percent predicted for theDFEV1 or

DFVC.10% predicted (Figure 2) and
DFEV1 orDFVC>12% and>200ml
criteria (Figure E2). The relationship
between the likelihood of having a positive
BDR and baseline FEV1 for the individual
components of change in FEV1 and change
in FVC for each criterion is shown in Figures
E3–E6, respectively. The magnitude of the
change in FEV1 post-BD was similar in
patients with asthma and asthma1COPD
but greater than in those with COPD alone
for bothDFEV1 orDFVC.10% predicted
(Figure 2) andDFEV1 or DFVC>12% and
>200ml criteria (Figure E2).

The ability to discriminate between
asthma and COPD diagnoses varied
according to the BDR criteria used (Table 1).
The DFEV1 orDFVC.10% predicted
criterion had low sensitivity and high
specificity, whereas the criterion of DFEV1

orDFVC>12% and>200ml hadmodest
sensitivity and low specificity. This
discriminatory ability remained poor when
the high-likelihood definitions were used
(Table 1).

In participants with a diagnosis of
asthma, positive BDR (using the 2021
criterion ofDFEV1 orDFVC.10%
predicted) was associated with lower post-
BD lung function; higher fractional exhaled
nitric oxide (FENO); worse respiratory
symptoms; greater likelihood of hospital
admission for an exacerbation in the
previous 12 months; and higher proportions
treated with triple therapy, maintenance oral
corticosteroids, or biologics than those with
negative BDR (Table 2). The proportions
with a diagnosis of chronic bronchitis,
emphysema, bronchiectasis, or other
pulmonary or extrapulmonary comorbidities
were low and similar between groups. These

differences in the characteristics of patients
with asthma who were BDR positive versus
negative were broadly similar when assessing
individual components of the BDR criteria
(DFEV1.10% predicted or DFVC.10%
predicted [Tables E2 and E3]) or the DFEV1

or DFVC>12% and>200ml criterion,
although the positive groups had a stronger
T2 signal with higher blood eosinophil
counts, in addition to the higher FENO
(Table E4). The characteristics for the
individual components DFEV1>12% and
>200ml orDFVC>12% and>200ml are
shown in Tables E5 and E6. The ORs for
the association of BDR (2005 and 2021
criteria) with baseline clinical characteristics
in patients with asthma are shown in
Figure 3. These associations were very
similar when adjusted for age and sex
(Figure E7).

In participants with a diagnosis of
COPD, positive BDR (using the criterion of
DFEV1 orDFVC.10%) was associated with
a modestly worse degree of airflow
obstruction and worse health status (St.
George’s Respiratory Questionnaire total
score) but not clinical characteristics other
than those with a negative BDR (Table 2).
The proportion with a diagnosis of chronic
bronchitis, emphysema, bronchiectasis, or
other pulmonary or extrapulmonary
comorbidities was similar. The characteristics
of participants with COPDwho were BDR
positive versus negative were broadly similar
when theDFEV1 orDFVC>12% and
>200ml criterion was used, although the
positive group had a higher FENO (Table E4).
The ORs for the association of BDR (2005
and 2021 criteria) with baseline clinical
characteristics in patients with COPD are
shown in Figure 3. As with asthma, these

Table 2. (Continued)

Variable

Asthma (DFEV1
and DFVC <10%
pred) (n=2,574)

Asthma (DFEV1 or
DFVC >10% pred)

(n=569)
P

Value

COPD (DFEV1 and
DFVC <10% pred)

(n=1,808)

COPD (DFEV1 or
DFVC >10% pred)

(n=396)
P

Value

Osteoporosis 108/2,574 (4.2%) 27/569 (4.7%) 114/1,808 (6.3%) 22/396 (5.6%)
Thyroid disease 193/2,574 (7.5%) 44/569 (7.7%) 168/1,808 (9.3%) 27/396 (6.8%)
Depression or anxiety 337/2,574 (13.1%) 75/569 (13.2%) 271/1,808 (15.0%) 51/396 (12.9%)

Definition of abbreviations: BMI=body mass index; CHD=coronary heart disease; COPD=chronic obstructive pulmonary disease;
EOS=eosinophils; FEF25–75 = forced expiratory flow, midexpiratory phase; FENO= fractional exhaled nitric oxide; Freq= frequency;
GERD=gastroesophageal reflux disease; HF=heart failure; ICS= inhaled corticosteroids; LABA= long-acting b-agonists; LAMA= long-acting
muscarinic antagonists; LLN= lower limit of normal; MI =myocardial infarction; mMRC=modified Medical Research Council; OCS=oral
corticosteroids; pred=predicted; SGRQ=St. George’s Respiratory Questionnaire.
P values are based on the chi-square test for categorical variables and one-way ANOVA or Kruskal-Wallis H-test for normal or nonnormal
continuous variables, respectively. Numbers without percent correspond to the standard deviation. Asterisks indicate level of statistical
significance as follows: ***P, 0.001; **P,0.01; *P,0.05; otherwise, the field is left empty.
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associations were largely the same when
adjusted for age and sex (Figure E8).

BDR defined by theDFEV1 or DFVC
>12% and>200ml criterion was associated
with an increased probability of experiencing
one or more moderate or severe
exacerbations in the subsequent year, with
adjusted ORs of 1.19 (95% CI, 1.02–1.37)
overall and 1.31 (95% CI, 1.06–1.64) in the
asthma subgroup (Table E7). BDR defined

byDFEV1 or DFVC.10% was not
associated with exacerbation risk overall
(OR, 1.04; 95% CI, 0.88–1.22) or in the
diagnostic subgroups (Table E7).

Discussion

This cross-sectional analysis of the
NOVELTY study shows that 1) the

prevalence of BDR in patients treated for
chronic airway disease in a large, global, real-
life setting was approximately 18–30%; 2) the
prevalence of BDR was modestly lower with
the 2021 compared with the 2005 ERS/ATS
criteria; 3) neither set of criteria discriminated
asthma from COPD on the basis of
physician-assigned diagnoses, with a
positive BDR test occurring in similar
proportions across the populations with

Figure 3. Odds ratios for the association of clinical characteristics with BDR in patients with physician diagnosed asthma or COPD. ORs are
derived from a logistic regression model with the BDR as the outcome and the clinical characteristic as the predictor (no covariate adjustments).
BDR=bronchodilator responsiveness; CI =confidence interval; EOS=eosinophils; FENO= fractional exhaled nitric oxide; mMRC=modified
Medical Research Council; ORs=odds ratios.
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labels of asthma, asthma1COPD, and
COPD; 4) regardless of the criterion used to
define BDR, the sensitivity and/or specificity
for the diagnosis of asthma versus COPD
was poor, and most patients with a
diagnosis of asthma receiving treatment did
not exhibit BDR on a single test; and, finally,
5) a positive BDR test was associated with
worse lung function and a greater symptom
burden. Collectively, these observations
question the validity of a single
measurement of BDR as a diagnostic tool.
We propose that in adult patients with
established chronic airway disease receiving
treatment, if the diagnosis is reviewed, a
positive BDR test should not be considered
a fundamental requirement for the
diagnosis of asthma or a standard inclusion
criterion for randomized controlled trials
(RCTs) of asthma. Rather, we suggest that
BDR should be considered a treatable trait
in the clinical management of patients with
chronic airway diseases (17–20).

Interpretation of Novel Findings
It had been shown that BDRmay be present
in only a minority of adults with a clinical
diagnosis of asthma using the 2005 ERS/ATS
and other criteria (21–26). This study shows
that this finding also applies to the new 2021
ERS/ATS criteria. Similarly, the observation
that those with an asthma or a COPD
diagnosis have broadly similar proportions
with BDR (3, 23, 24) was also confirmed with
the 2021 ERS/ATS criteria. However,
contrasting findings have been reported from
the COPDGene (Genetic Epidemiology of
COPD) study in the United States, in which
the proportions of patients with COPDwho
had BDR were 33% and 45% for the 2005
and 2021 ERS/ATS criteria, respectively (27),
and a database study of children and adults
from China, in which the proportions of
patients with asthma who had BDR with the
2005 and 2021 ERS/ATS criteria were 63%
and 53%, respectively, and 31% and 23%,
respectively, for COPD (28). The reasons for
the differences are uncertain but may relate
to differing patient populations, different
long-term treatments such as proportion
receiving ICS, or differing use of BDR as a
diagnostic tool for asthma in clinical practice.

The prevalence of BDR was higher in
patients with a diagnosis of asthma1COPD,
regardless of the criteria used. Although
there are a number of possible explanations
for this, one may be that when faced with a
patient with COPD, the presence of BDR

may enhance the probability of making a
concurrent diagnosis of asthma. The
criterion ofDFEV1>15% and>400ml had
the best sensitivity for differentiating asthma
from COPD, although at the cost of a very
low proportion in the asthma population and
very low specificity differentiating asthma
from COPD. These properties support the
guideline recommendation that the greater
the degree of BDR, the greater the likelihood
that a patient has asthma (1, 29, 30).

Using the criterion of an increase in
FEV1 of.10% predicted, 15% of
participants with asthma and 8% with COPD
had a positive test result. For the criterion of
an increase in FVC of.10% predicted, a
different pattern was observed in which 9%
and 15% of participants with asthma and
with COPD, respectively, had a positive BDR
test result. Thus, the different components
that make up this 2021 BDR criterion have
different properties. Although a BDR
criterion of change in FEV1 based on percent
predicted reduces the influence of baseline
lung function (6, 31, 32), we observed that
the likelihood of having a positive BDR rose
as baseline FEV1 fell, regardless of the
criterion applied; intriguingly, the drivers for
this differed between asthma and COPD,
with the change in FVC percent predicted
rather than FEV1 percent predicted
predominating in more severe COPD. The
low number of positive responses at pre-BD
values close to normal suggests a ceiling
effect; the larger proportion of positive
responses at lower pre-BD values is likely to
be a function of both reduced airway caliber
producing proportionately larger changes in
airway resistance for the same degree of
airway smooth muscle relaxation and the
smaller starting values for predicted lung
function in more severe disease.

The differences in characteristics
between patients with asthma based on BDR
positivity suggest that BDRmight be
considered a treatable trait in asthma. The
patients with asthma with BDR had worse
post-BD lung function, higher FENO, and a
greater burden from respiratory symptoms
andmore hospital admissions, despite higher
levels of treatment with triple therapy,
continuous oral corticosteroids, and
biologics. For COPD, BDR positivity was
associated with modestly worse airflow
obstruction and a greater burden from
respiratory symptoms, consistent with the
increased rate of lung function decline in
patients with COPDwith BDR (33, 34). The
commonality of worse lung function and

symptom burden with BDR positivity across
both diagnostic groups is likely to related, to
some extent, to the progressively greater
magnitude of FEV1 change with lower pre-
BD FEV1 percent predicted. The association
between positive BDR and higher FENO in
asthma (2005 and 2021 criteria) and COPD
(2005 criteria) is consistent with previous
findings in asthma (21) and COPD (35).
Because a raised FENO is a marker of
eosinophilic inflammation and in
symptomatic patients short-term
responsiveness to corticosteroids in asthma
and COPD (36), this suggests that BDR
positivity may represent a treatable trait
associated with more severe airway disease
and ICS responsiveness, regardless of the
diagnostic label.

Further support for BDR representing
a treatable trait came from the post hoc
longitudinal analyses, which showed that
BDR defined by the DFEV1 orDFVC>12%
and>200ml criteria was associated with
about a 20% increased probability of
experiencing one or more moderate or severe
exacerbations in the subsequent 12 months
overall, with the association most marked in
the asthma group. In contrast, this
longitudinal association was not observed
with theDFEV1 orDFVC.10% criterion,
suggesting an important clinical difference
between these criteria. Importantly, these
findings suggest that using the 2005 BDR
criterion for eligibility in RCTs has enriched
the populations for exacerbators.

Clinical Implications
There are two main clinical implications
from these findings. First, there is no specific
cut point for any of the BDR criteria to
clearly differentiate asthma from COPD in
treated patients with long-standing disease.
It is reasonable to conclude that the higher
the degree of BDR, the greater the probability
of asthma, with the caveat that most patients
with asthma receiving ICS-containing
treatment will not show BDR by any
criteria, particularly on a single day of testing.
For clinical practice, objective confirmation
of the diagnosis of asthma in patients
receiving treatment may require stepping
down or cessation of ICS (1, 37).

Second, the standard practice of
requiring positive BDR as an inclusion
criterion in major RCTs in asthmameans
that the evidence base derived from the
RCTs is not generalizable to the management
of the broad asthma population. Indeed, it
has been reported that only a median of
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6% of participants with current asthma
receiving treatment met the eligibility criteria
(including but not limited to BDR) for major
asthma RCTs cited in the 2005 Global
Initiative for Asthma strategy report (38).
This indicates that most patients with
current asthma receiving treatment in the
community would not have been eligible for
these RCTs. Similarly, only a median of 10%
of patients with severe asthma were found to
be eligible for enrollment in the phase III
trials of biologic therapies because of the
requirement for BDR and other criteria,
indicating that the vast majority were
excluded from trial participation by criteria
designed to reconfirm questionable
diagnostic labels rather than by biomarker
criteria that predict responsiveness to
treatment (39). Notably, in these studies,
average BDR is typically 25% to 35% of
baseline FEV1, a level found in only a very
small proportion of NOVELTY patients with
a label of severe asthma (14). Comparable
findings have been observed in COPD, in
which over 90% of patients with COPD in
the community who were taking medication
did so on the basis of RCTs for which they
would have not been eligible (40).

Strengths and Potential Limitations
The fact that our analysis includes over 6,000
adult patients with a range of chronic airway
diseases recruited in primary and specialized
clinics around the globe is a clear strength to
explore the prevalence, diagnostic value, and
associated clinical characteristics of BDR
because it ensures both adequate power and
generalizability across populations. Our
analysis, however, has some potential
limitations. First, BDR was assessed on a
single occasion, as might occur in clinical

practice, rather than repeatedly, so it was not
possible to determine the stability of this
trait. Previous studies in COPD have
reported that BDR exhibited significant day-
to-day variability (41–43). Second, children
under the age of 12 were not included in the
NOVELTY study, so our observations relate
only to adolescents and adults.

The diagnostic groups were based on
the physicians’ diagnosis or suspected
diagnosis of asthma, asthma and COPD, and
COPD to ensure generalizability to clinical
practice. Sensitivity analyses based on more
stringent criteria were undertaken to define
subgroups with a high-likelihood diagnosis
of asthma and COPD and showed results
similar to those derived from the broader
diagnostic criteria. The inclusion of
participants with established obstructive lung
disease, with a mean 20 years and 7 years
since diagnosis in the asthma and COPD
groups, respectively, means that the findings
are not generalizable to BDR at the time of
the initial diagnosis, which is when BDR
testing is primarily intended to be used. It is
known that the magnitude of BDRmay
reduce over time as part of the natural
history of asthma (6, 44, 45) and that ICS
treatment reduces BDR in asthma (46).
These factors may account for the previous
observation in two cohorts with adult-onset
asthma that the proportion with a positive
BDR test result (using the criterion of DFEV1

>12% and>200ml) at the time of diagnosis
was 24% (47), modestly higher than the
proportion observed in the present analysis
for the equivalent definition. In a subsequent
analysis within one of these cohorts, the
proportion of steroid-naive patients with
newly diagnosed asthma with a positive BDR
test result (using the criterion of DFEV1

>12% and>200ml) increased from 36%
overall to 56% if baseline obstruction (pre-
BD FEV1/FVC,0.7) was present, indicating
that the utility of BDR testing is enhanced if
baseline airflow obstruction is present (48).

We have undertaken multiple statistical
comparisons, so those not directly related to
the primary outcomes can be considered
exploratory. Furthermore, we have been
careful not to make detailed comparisons
between the characteristics of the BDR
positive and negative groups defined by the
different BDR criteria and their individual
FEV1 or FVC components because of the
large number of characteristics presented.
However, our data add to evidence that
different subgroups defined by components
of BDRmay have different clinical
characteristics (49–51).

Conclusions
In a real-life setting, positive BDR occurs in
less than one-fourth of treated patients with
chronic airway disease, is similar regardless
of the diagnostic criteria used (ERS/ATS
2005 or 2021), does not have clinical utility
in discriminating a physician-assigned
diagnosis of asthma from COPD, and is
associated with worse lung function and
more symptom burden.We propose,
therefore, that positive BDR should not be
considered an essential requirement for the
diagnosis of asthma and that positive BDR
should no longer be considered a mandatory
inclusion criterion for clinical trials of
asthma. Rather, BDR should be considered a
treatable trait in patients with chronic airway
diseases.�

Author disclosures are available with the
text of this article at www.atsjournals.org.
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