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Summary
Background Bronchodilator responsiveness testing is mainly used for diagnosing asthma. We aimed to investigate
whether it is associated with progression to chronic airflow obstruction over time.

Methods The multinational Burden of Obstructive Lung Disease cohort study surveyed adults, aged 40 years and
above, at baseline and followed them up after a mean of 9.1 years. Recruitment took place between January 2, 2003
and December 26, 2016. Follow-up measurements were collected between January 29, 2019 and October 24, 2021. On
both occasions, study participants provided information on respiratory symptoms, health status and several
environmental and lifestyle exposures. They also underwent pre- and post-bronchodilator spirometry. We defined
bronchodilator responsiveness at baseline using the American Thoracic Society and European Respiratory Society
(ATS/ERS) 2022 definition, and the presence of chronic airflow obstruction at follow-up as a post-bronchodilator
forced expiratory volume in 1 s to forced vital capacity ratio (FEV1/FVC) less than the lower limit of normal. We
used multi-level regression models to estimate the association between baseline bronchodilator responsiveness
and incident chronic airflow obstruction. We stratified analyses by gender and performed a sensitivity analysis in
never smokers.

Findings We analysed data from 3701 adults with 56% being women. Compared to those without bronchodilator
responsiveness at baseline, those with bronchodilator responsiveness had 36% increased risk of developing chronic
airflow obstruction (RR: 1.36, 95%CI 1.04, 1.80). This effect was stronger in women (RR: 1.45, 95%CI 1.09, 1.91) than
men (RR: 1.07, 95%CI 0.51, 2.24). Never smokers with bronchodilator responsiveness also were at greater risk of
incident chronic airflow obstruction (RR: 1.48, 95%CI 1.01, 2.20).

Interpretation Bronchodilator responsiveness appears to be a risk factor for incident chronic airflow obstruction. It is
important that future studies in other large population-based cohorts replicate these findings.

Funding National Heart and Lung Institute, UK Medical Research Council, and Wellcome Trust.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Evidence before this study
We searched PubMed and Web of Science from database
inception to September 24th, 2024. Search terms included:
(“bronchodilator responsiveness” OR “bronchodilator
reversibility” OR “BDR”) AND (“chronic airflow obstruction”
OR “fixed airflow obstruction” OR “COPD” OR “FEV1/FVC”). Of
the 237 studies returned by the search, most relevant was a
recently published study that investigated whether
bronchodilator responsiveness (significant improvement in
lung function after inhalation of bronchodilator medication)
was a risk factor for COPD in a cohort of tobacco smokers
with a greater than or equal to 20 pack-year history. It found
that bronchodilator responsiveness was associated with
greater odds of incident COPD, however, given the population
was at higher risk of chronic airflow obstruction due to
smoking history, it remains unknown whether bronchodilator
responsiveness has value as an indicator of future chronic

airflow obstruction in general populations, where the
prevalence of smoking is lower.

Added value of this study
To our knowledge, this is the first population-based cohort
study to investigate the association between bronchodilator
responsiveness and incident chronic airflow obstruction. The
global scale of this study enabled comparison of this
association across world regions, stratified by gender and
smoking status.

Implications of all the available evidence
Our study has shown that bronchodilator responsiveness,
even in the presence of lung function within normal limits,
might be a risk factor for incident chronic airflow obstruction.
Furthermore, we have cautiously highlighted potential gender
differences in this association, with the impact appearing
greater in women than men.
Introduction
Bronchodilator responsiveness is defined by a signifi-
cant improvement in lung function after inhalation of a
bronchodilator delivered via metered dose inhaler
(MDI) or nebuliser.1 Together with the presence of a
characteristic pattern of respiratory symptoms,
www.thelancet.com Vol 81 March, 2025
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including wheezing, dyspnoea, chest tightness, or
cough, and a variable expiratory flow limitation, bron-
chodilator responsiveness makes up an important
component of an asthma diagnosis.2 However, it is not
specific to asthma, and population-based studies have
shown the prevalence of bronchodilator responsiveness
to be similar among those with asthma and chronic
obstructive pulmonary disease (COPD).3

It is known that some individuals with asthma will
go on to develop irreversible lung damage, which is
characterised by airway remodelling and a chronic
“fixed” airflow obstruction, that is associated with
accelerated lung function decline and significant
morbidity.4 Chronic airflow obstruction is also a key
component of a COPD diagnosis,5 with an estimated
global prevalence of 11.2% in men and 8.6% in women.6

It is defined by the presence of an FEV1/FVC ratio less
than the lower limit of normal (LLN), that persists after
inhalation of a bronchodilator. Despite bronchodilator
responsiveness being common in both asthma and
COPD, the association between bronchodilator respon-
siveness and subsequent progression to chronic airflow
obstruction has only been previously investigated in a
cohort with a significant smoking pack-year history.
Fortis and colleagues,7 found that bronchodilator
responsiveness was associated with greater odds of
incident COPD using data from the SPIROMICS cohort
study. However, it is difficult to extrapolate their find-
ings to the general population, where the prevalence and
intensity of smoking are lower.

Chronic airflow obstruction is a significant public
health concern. Strategies for the identification of those
at risk are lacking, despite promising evidence that early
airflow obstruction can be detected using spirometry,
even in those who have never smoked.8–10 We used
longitudinal data from the multinational Burden of
Obstructive Lung Disease (BOLD) study, to investigate
the association between bronchodilator responsiveness
and incident chronic airflow obstruction, and the sub-
sequent predictive ability of any relationship found.
Methods
Study design and participants
The protocols for both phases of data collection of BOLD
have been published previously.11,12 Baseline data
collection took place between January 2, 2003 and
December 26, 2016. Non-institutionalised adults ≥40
years of age were recruited from 41 municipalities
across 34 countries. Site specific sampling strategies
were implemented to recruit representative samples of
the populations studied. Between January 29, 2019 and
October 24, 2021, participants from 18 sites were
followed-up. For the present study, participants were
included if they had completed the study core ques-
tionnaire, had acceptable pre- and post-bronchodilator
spirometry, and no evidence of chronic airflow
www.thelancet.com Vol 81 March, 2025
obstruction at baseline, and had acceptable post-
bronchodilator spirometry at follow-up.

Ethics
Ethical approval was obtained by each site from the local
ethics committee, and informed consent was obtained
from every participant. The follow-up study was also
approved by Imperial College London Research Ethics
Committee (ref. 17IC4272). All sites followed good
clinical practice and local ethics regulations.

Procedures
Demographic data and information on respiratory
symptoms, health status, and exposures were collected
by trained fieldworkers who administered standardised
questionnaires translated into the local language.
Fieldworkers measured standing height and weight and
assessed lung function using spirometry. Lung func-
tion, including FEV1, FVC, and FEV1/FVC, was
measured using the ndd EasyOne Spirometer (ndd
Medizintechnik AG, Zurich, Switzerland), before and
15 min after inhalation of 200 mcg salbutamol via MDI
through a spacer. Spirograms were centrally reviewed
and assigned a quality score based on acceptability and
reproducibility criteria.13 Data for gender were self-
reported by study participants in the core question-
naire, with the options of male or female.

Bronchodilator responsiveness
We used two different definitions of bronchodilator
responsiveness. For the primary analysis we used the
ATS/ERS 2022 definition,1 defined as change of >10%
relative to the predicted value for FEV1 or FVC. We also
performed a secondary analysis using the previous ATS/
ERS 2005 definition to allow comparison,14 defined as
change in FEV1 or FVC ≥12% and ≥200 mL of the
initial value.

Outcomes
The primary outcome was the association of baseline
bronchodilator responsiveness with incident chronic
airflow obstruction at follow-up. Chronic airflow
obstruction was defined as a post-bronchodilator FEV1/
FVC less than the lower limit of normal (LLN) according
to reference equations for European Americans from
the Third US National Health and Nutrition Examina-
tion Survey (NHANES).15 This approach to reference
equations is in line with previous BOLD
publications.6,16–18 Secondary outcomes included inves-
tigating whether associations were modified by gender,
smoking status, or regional differences.

Statistics
At baseline, we estimated the prevalence of bronchodi-
lator responsiveness. We also estimated the prevalence
of ever having had a self-reported doctor diagnosis of
asthma. We evaluated the concordance between both
3
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bronchodilator responsiveness definitions using the
Cohen’s κ coefficient. We calculated the incidence rate
of chronic airflow obstruction per 1000 person-years for
bronchodilator responsiveness and for those with a self-
reported history of asthma and compared them to a
reference population with no self-reported asthma, no
evidence of bronchodilator responsiveness, and no
chronic airflow obstruction at baseline. For incidence
rates, we calculated Jackknife confidence intervals due to
the use of inverse probability weights. We stratified
these analyses by gender and World Health Organisa-
tion (WHO) region.

To estimate the association between having bron-
chodilator responsiveness at baseline and chronic
airflow obstruction at follow-up, we performed multi-
level (mixed effects) modified Poisson regression ana-
lyses with robust variance estimation, and reported the
risk ratio (RR) with 95% confidence intervals.19 We fitted
the models with a random intercept with study site as
the effect term, to account for clustering by study site,
and a random slope with bronchodilator responsiveness
as the effect term, to average the association of bron-
chodilator responsiveness with chronic airflow obstruc-
tion across sites. The joint distribution of the random
effects was assumed multivariate normal. We checked
the linearity assumption by calculating the residuals for
each level of the model and plotting them against
quantitative predictors. We also used multi-level linear
regression to estimate the association between bron-
chodilator responsiveness and post-bronchodilator
FEV1/FVC ratio as a continuous measure. We used a
directed acyclic graph (DAG) to decide on potential
confounders a priori (efigure 1). They had to be risk
factors for bronchodilator responsiveness or chronic
airflow obstruction or both. We adjusted for gender
(man/woman), age (years), BMI (kg/m2), smoking sta-
tus (never/former/current), pack-years of smoking, pre-
bronchodilator FEV1/FVC ratio, and follow-up time.
Pack-years were calculated by number of cigarettes
smoked per day divided by 20 and multiplied by years of
smoking. In addition, we performed stratified analyses
by gender to investigate possible effect modification,
and a sensitivity analysis on never smokers. We
repeated the above analyses to assess the association of
having a self-reported doctor diagnosis of asthma at
baseline and chronic airflow obstruction at follow-up.
Self-reported asthma was defined as an affirmative
answer to the question “has a doctor or other health care
provider ever told you that you have asthma, asthmatic
bronchitis or allergic bronchitis?” in the core
questionnaire.

We constructed receiver operating characteristic
(ROC) curves and calculated the area under the curve
(AUC) for both bronchodilator responsiveness, and a
self-reported doctor diagnosis of asthma, to determine
their relative sensitivity and specificity in predicting
chronic airflow obstruction. We compared the AUCs as
previously described.20 All analyses were conducted us-
ing inverse probability weights (IPWs) to account for
missing data at follow-up, generated as described in the
cohort profile.12 All results were considered significant if
the p-value was below 0.05. Analyses were performed
using Stata 17 (Stata Corp., College Station, TX, USA).

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 report.
Results
At baseline, 28,828 participants, across 41 sites,
completed the core study questionnaire and had
acceptable spirometry. Eighteen study sites took part in
follow-up. Out of a possible 12,502 eligible participants,
1155 (9%) died, 2535 (20%) could not be contacted, 1123
(9%) migrated, 1237 (10%) refused to take part, and 516
(4%) enrolled but did not complete the core question-
naire. 5936 (48%) completed the core questionnaire. Of
these, 3701 (62%) participants had acceptable pre- and
post-bronchodilator spirometry and no evidence of
chronic airflow obstruction at baseline, had acceptable
post-bronchodilator spirometry at follow-up, and were
included the present study (Fig. 1). Table 1 displays the
baseline characteristics of the study population. There
were more women than men (2078 of 3701, 56%). Mean
(SD) age ranged from 45.8 years (6.4) in Mysore, India,
to 58.2 years (10.2) in Tartu, Estonia. Mean (SD) BMI
ranged from 21.8 kg m−2 (3.1) in Kashmir, India, to
30.8 kg m−2 (8.8) in Jamaica. Seventy-four percent
(2725 of 3701) of the study population were never
smokers.

At baseline, 216 of 3701 (6%) had bronchodilator
responsiveness according to the ATS/ERS 2022 defini-
tion. There were no cases of bronchodilator respon-
siveness in Jamaica and Fes (Morocco). Prevalence of
bronchodilator responsiveness was highest in
Nampicuan-Talugtug, Philippines (24 of 248, 10%). The
prevalence of bronchodilator responsiveness for the
ATS/ERS 2005 definition was 5% (197 of 3701), with a κ
coefficient of 0.69 (95%CI 0.65, 0.73) indicating sub-
stantial agreement between the two definitions of
bronchodilator responsiveness (Supplementary
eTable S1, appendix). The prevalence of ever having
had a doctor diagnosis of asthma was 4% (149 of 3701).
There were no cases in Kashmir and Mysore (India), Fes
(Morocco), and Ife (Nigeria). A doctor diagnosis of
asthma was most prevalent in Reykjavik, Iceland (41 of
253, 16%). The κ coefficient for agreement between a
doctor diagnosis of asthma and bronchodilator respon-
siveness was 0.02, indicating no agreement
(Supplementary eTable S1, appendix).

The mean (SD) follow-up time was 9.1 years (3.3).
Follow-up time was shortest in Karachi, Pakistan (4.4
www.thelancet.com Vol 81 March, 2025
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Fig. 1: Study flow diagram showing the inclusion and exclusion of participant data from Burden of Obstructive Lung Disease (BOLD)
study.
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years, 0.4) and longest in Bergen, Norway (15.1 years,
0.8). At follow-up, incident chronic airflow obstruction
was 8% (297 of 3701). It was least common in Fes,
www.thelancet.com Vol 81 March, 2025
Morocco (0%) and most common in Sémé-Kpodji,
Benin (44 of 131, 34%) (Supplementary eTable S2, ap-
pendix). Of those with no bronchodilator responsiveness
5
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Total n = 3701 n Women
n (%)

Age, yrs
Mean (SD)

BMI
(kg⋅m−2)
Mean (SD)

Never
smoke
n (%)

Bronchodilator
responsiveness 2005
definition n (%)

Bronchodilator
responsiveness 2022
definition n (%)

Asthma
ever n (%)

Benin (Sémé-Kpodji) 131 63 (48%) 50.4 (7.8) 27.1 (5.6) 129 (98%) 6 (5%) 6 (5%) 1 (1%)

Estonia (Tartu) 176 89 (51%) 58.2 (10.2) 28.2 (4.8) 102 (58%) 9 (5%) 15 (9%) 10 (6%)

Iceland (Reykjavik) 253 123 (48%) 50.7 (7.9) 27.7 (4.6) 112 (44%) 10 (4%) 10 (4%) 41 (16%)

India (Kashmir) 43 17 (39%) 51.9 (10.0) 21.8 (3.1) 40 (93%) 0 (0%) 2 (5%) 0 (0%)

India (Mysore) 378 231 (61%) 45.8 (6.4) 24.8 (3.6) 355 (94%) 23 (6%) 15 (4%) 0 (0%)

India (Pune) 450 190 (42%) 50.2 (8.3) 22.5 (3.8) 410 (91%) 32 (7%) 30 (7%) 3 (1%)

Jamaica 22 9 (41%) 50.9 (6.4) 30.8 (8.8) 15 (58%) 0 (0%) 0 (0%) 2 (9%)

Kyrgyzstan (Chui) 308 223 (72%) 50.6 (7.7) 28.6 (5.5) 231 (75%) 23 (7%) 27 (8%) 8 (3%)

Kyrgyzstan (Naryn) 303 191 (63%) 49.6 (7.8) 26.9 (4.9) 242 (80%) 15 (5%) 20 (7%) 2 (1%)

Malawi (Chikwawa) 255 140 (55%) 52.9 (9.9) 22.0 (3.9) 188 (74%) 7 (3%) 11 (4%) 3 (1%)

Morocco (Fes) 16 5 (31%) 50.1 (5.2) 26.6 (5.1) 8 (50%) 0 (0%) 0 (0%) 0 (0%)

Nigeria (Ife) 363 258 (71%) 54.9 (11.3) 25.6 (5.4) 335 (92%) 34 (10%) 22 (6%) 0 (0%)

Norway (Bergen) 204 106 (52%) 53.9 (8.2) 26.1 (3.9) 72 (35%) 3 (1%) 8 (4%) 27 (13%)

Pakistan (Karachi) 183 110 (60%) 49.5 (8.3) 27.0 (5.5) 147 (80%) 12 (7%) 8 (4%) 3 (2%)

Philippines (Nampicuan-
Talugtug)

248 135 (54%) 50.9 (8.3) 22.0 (4.4) 137 (55%) 15 (6%) 24 (10%) 12 (5%)

Sudan (Khartoum) 32 14 (44%) 50.8 (9.7) 27.9 (6.3) 20 (62%) 1 (3%) 1 (3%) 2 (6%)

Sweden (Uppsala) 185 89 (48%) 54.6 (8.0) 26.5 (3.7) 80 (43%) 7 (4%) 12 (7%) 25 (13%)

Tunisia (Sousse) 151 85 (56%) 51.8 (8.5) 30.2 (5.3) 102 (68%) 0 (0%) 5 (3%) 10 (7%)

Overall 3701 2078 (56%) 51.3 (9.0) 25.7 (5.2) 2725 (74%) 197 (5%) 216 (6%) 149 (4%)

Spirometry performed before and 15 min after inhalation of 200 mcg Salbutamol; responsiveness ATS/ERS 2005 definition: change in forced expiratory volume in 1 s (FEV1)
or forced vital capacity (FVC) ≥12% and ≥200 mL of the initial value14; Reversibility ATS/ERS 2022 definition: change of >10% relative to the predicted value for FEV1 or
FVC1; Asthma ever: If participants answered yes to “Has a doctor or other health care provider ever told you that you have asthma, asthmatic bronchitis or allergic
bronchitis?” in the core questionnaire; Chronic airflow obstruction (CAO) defined if post-bronchodilator FEV1/FVC was less than the lower limit of normal (LLN) according to
reference equations for European Americans in The Third National Health and Nutrition Survey (NHANES III).15

Table 1: Baseline characteristics of study participants.
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and no self-reported asthma as baseline, 253 of 3291
(8%) developed chronic airflow obstruction at follow-up.
For those with bronchodilator responsiveness, 28 of 216
(13%) progressed to chronic airflow obstruction.
Generally, participants with bronchodilator responsive-
ness who developed chronic airflow obstruction had
fewer years of schooling, more years working a dusty
job, and more self-reported dyspnoea and wheeze than
those with bronchodilator responsiveness who did not
develop chronic airflow obstruction (Supplementary
eTable S3, appendix). Compared to those with no
bronchodilator responsiveness and no self-reported
asthma as baseline, proportionately more women than
men with bronchodilator responsiveness progressed to
chronic airflow obstruction overtime. This was seen
across multiple world regions except for the European
sites (Fig. 2). In participants with a self-reported doctor
diagnosis of asthma, 14 of 149 (9%) progressed to
chronic airflow obstruction.

The incidence rates of progression to chronic airflow
obstruction per 1000 person-years are displayed in
Fig. 3. Of those with no bronchodilator responsiveness
and no self-reported asthma at baseline, the incidence
rate of chronic airflow obstruction was 8.63 per 1000
person-years (95%CI, 7.63–9.25). The incidence rate of
chronic airflow obstruction was higher for those with
bronchodilator responsiveness at baseline (14.29 per
1000 person-years, 95%CI 9.86–20.70). For those with
bronchodilator responsiveness, incidence of chronic
airflow obstruction was higher among women
compared to men and among never smokers compared
to ever smokers (Fig. 1). Ever smoking was more com-
mon among men (693 of 1623, 43%) than women (283
of 2078, 13%). When stratifying by WHO region
(Supplementary eFig. S2, appendix), incidence of
chronic airflow obstruction was highest in the African
region and lowest in South-East Asia. Except the African
region, those with bronchodilator responsiveness at
baseline generally had a higher incidence of chronic
airflow obstruction than those in the reference
population.

Compared to those with no bronchodilator respon-
siveness or a self-reported doctor diagnosis of asthma at
baseline, those with bronchodilator responsiveness had
a lower FEV1/FVC at follow-up (β: −1.76, 95%CI
-2.74, −0.77) and greater risk of progressing to chronic
airflow obstruction (RR: 1.36, 95%CI 1.04, 1.80). When
stratifying by gender, women with bronchodilator
responsiveness were more likely to progress to chronic
airflow obstruction (RR: 1.45, 95%CI 1.09, 1.91) than
men (RR: 1.07, 95%CI 0.51, 2.24). A similar association
was seen in never smokers (RR: 1.48, 95%CI 1.01, 2.20)
www.thelancet.com Vol 81 March, 2025
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(Table 2). The results did not materially differ when
using the ATS/ERS 2005 definition of bronchodilator
responsiveness (Supplementary eTable S4). There was a
suggestion of association between self-reported doctor
diagnosis of asthma and progression to chronic airflow
obstruction, particularly in women. This was also asso-
ciated with having a lower FEV1/FVC at follow-up
(Supplementary eTable S5). The AUC for the two
models to discriminate incident chronic airflow
obstruction were 0.76 (95%CI 0.73–0.79) for broncho-
dilator responsiveness and 0.73 (95%CI 0.70–0.76) for a
self-reported doctor diagnosis of asthma (Supplementary
eFig. S3, appendix).
Discussion
To the best of our knowledge, this is the first study to
investigate the association between bronchodilator
responsiveness and incident chronic airflow obstruction
in the general population. We have shown that having
bronchodilator responsiveness is associated with having
lower lung function and increased risk of developing
chronic airflow obstruction over time. This association
was strongest in women and was also present in never
smokers.

Overall, we found that having bronchodilator
responsiveness at baseline was associated with 36%
greater risk of progressing to chronic airflow obstruction
over time, compared to not having bronchodilator
www.thelancet.com Vol 81 March, 2025
responsiveness. Only one previous study has investi-
gated this association in adults. Fortis and colleagues
used data from nearly 1500 participants of the SPI-
ROMICS study with normal baseline spirometry,7 and
found that those with bronchodilator responsiveness
had between 3 and 9.5 times greater odds of progressing
to spirometrically defined COPD than those without
bronchodilator responsiveness, depending on whether
the bronchodilator responsiveness was inconsistent or
consistent across repeated measurement visits. The ef-
fect seen in their study was greater than in ours. There
are several possible reasons for this, first, the SPI-
ROMICS cohort study is not representative of the gen-
eral population, only recruiting participants with at least
20 pack year history of tobacco smoking. This means
that participants were more likely to progress to COPD
than in our study, where three-quarters of participants
were never smokers.6 Secondly, the smoking effect was
likely compounded by the older age of the cohort, with
the average age in the SPIROMICS study being 63 years
compared to 50 years in the present study.21 Finally, the
definition of spirometrically defined COPD was
different to our study, with Fortis and colleagues using
the fixed cut-off of 0.7 for the FEV1/FVC. This approach
has been shown to overestimate the prevalence of
chronic airflow obstruction, especially in older age
groups.22 Despite the differences in effect size, we pro-
vide further evidence from a general population sample
that bronchodilator responsiveness is a risk factor for
7
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Fig. 3: Incidence rates of chronic airflow obstruction per 1000 person-years. Error bars represent 95% confidence interval. Ref: Reference
population with no self-reported asthma and no evidence of bronchodilator responsiveness and no chronic airflow obstruction at baseline;
BDR+: Bronchodilator Responsiveness ATS/ERS 2022 definition: change of >10% relative to the predicted value for FEV1 or FVC

1; Asthma ever: if
participants answered yes to “Has a doctor or other health care provider ever told you that you have asthma, asthmatic bronchitis or allergic
bronchitis?” in the core questionnaire Chronic airflow obstruction defined if post-bronchodilator FEV1/FVC was less than the lower limit of
normal (LLN) according to reference equations for European Americans in The Third National Health and Nutrition Survey (NHANES III).15
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chronic airflow obstruction. Not all studies support this
association. A study by Tantisira and colleagues found,
in over 1000 asthmatic children, that grater
Total n Bronchodilator
Responsiveness
ATS/ERS 2022 n (%)

CAO (follow-up
n (%)

Overall model 3634 216 (6%) 28 (13%)

Stratified by gender

Men 1578 79 (5%) 10 (13%)

Women 2061 137 (7%) 18 (13%)

Never smoked 2688 163 (6%) 20 (12%)

Reference population are those without chronic airflow obstruction, bronchodilator resp
bronchodilator responsiveness according to the ATS/ERS 2022 definition and follow-up
regression models. aNegative regression coefficient indicates a reduction in FEV1/FVC r
responsiveness according to the ATS/ERS 2022 definition and progression to chronic a
models with robust variance estimation. Models were adjusted for gender, age, BMI, sm
expected associations to vary by study site, we fitted a random intercept to account for c
Model fitted with 16 clusters. Fes Morocco and Jamaica not included due to having an

Table 2: Association between bronchodilator responsiveness according to AT
bronchodilator responsiveness at baseline was associ-
ated with having a higher FEV1 percent predicted after 4
years of follow-up.23 The difference from our study is
) RR (95%CI) p-value β coefficient
(95%CI)a

p-value

1.36 (1.04, 1.80) 0.029 −1.76 (−2.74, −0.77) <0.0001

1.07 (0.51, 2.24) 0.85 −0.82 (−2.59, 0.95) 0.36

1.45 (1.09, 1.91) 0.010 −1.83 (−2.71, −0.95) <0.0001

1.48 (1.01, 2.20) 0.047 −1.67 (−3.47, 0.13) 0.069

onsiveness, or self-reported asthma at baseline. Linear associations between having
post-bronchodilator FEV1/FVC ratio were estimated using mixed effects linear

atio (i.e., worsened lung function). Associations between having bronchodilator
irflow obstruction (CAO) were estimated using mixed effects Poisson regression
oking status, smoking pack years, baseline FEV1/FVC, and follow-up time. As we
lustering by site and a random slope to average the associations across study sites.
insufficient number of cases of bronchodilator responsiveness.

S/ERS 2022 criteria and incident chronic airflow obstruction.

www.thelancet.com Vol 81 March, 2025
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likely because of age, adults with asthma are more likely
to develop fixed airflow obstruction due to the natural
aging of the lung and increased likelihood of poor
asthma management.24,25

We also found that women with bronchodilator
responsiveness at baseline have lower lung function at
follow-up and are 45% more likely to progress to chronic
airflow obstruction over time, than women without
bronchodilator responsiveness. We did not see the same
association in men. There are no gender stratified
studies to provide comparison, however, despite smok-
ing being the strongest risk factor for chronic airflow
obstruction,6 it is unlikely that it mediates this rela-
tionship, as the prevalence of smoking among women
was only 13% compared to 43% of men. A more likely
explanation is the role gender differences play in
chronic respiratory disease. It is known that in adult-
hood, the prevalence and severity of asthma in women is
greater than that of men,26 and similar is seen in
COPD.27 In asthma, adult women have more rapid lung
function decline and greater mortality than men.28 It is
likely that some of this is explained by sex hormones.
Takeda et al. showed, in mice following an ovalbumin
challenge,29 that women had greater TH-2 inflammation
and airway remodelling than men. Subsequent studies
have shown that oestrogen signalling enhances TH-2
inflammation,30 while testosterone modulates it.31

Similar has also been seen in COPD, where animal
studies have shown a relationship between oestrogen
receptors and increased damage to the small airways
after tobacco smoke exposure.32 It is also possible that
socioeconomic status plays a role, as a previous analysis
of data from the BOLD study has shown that use of
respiratory medication and influenza vaccination is
lower among sites from low-middle income countries.33

Furthermore, in the present study, the main difference
between men and women was also seen in world re-
gions with low-middle income sites. This supports
previous research showing that women but not men
from lower income backgrounds are at greater risk of
asthma and asthmatic wheeze, although the exact causal
mechanisms are not clear.34 Together with our results,
this highlights the importance of greater awareness
among doctors and healthcare professionals of the
gender differences in chronic respiratory disease, espe-
cially for optimised disease management where bron-
chodilator responsiveness is present to prevent further
lung function decline and the development of a chronic
“fixed” airflow obstruction.4

We found that there was no agreement between a
self-reported doctor diagnosis of asthma and either
definition of bronchodilator responsiveness. This was
not entirely unexpected, as previous population-based
studies have shown that the prevalence of bronchodi-
lator responsiveness in asthma and COPD is less than
20%.3 It is also likely that asthma is underdiagnosed in
certain countries,35 for example, the BOLD site of Ife in
www.thelancet.com Vol 81 March, 2025
Nigeria had the highest prevalence of bronchodilator
responsiveness at 10%, but 0% reported a doctor diag-
nosis of asthma. This discordance highlights the
importance of access to healthcare with appropriate
diagnostic equipment, as the 10% with bronchodilator
responsiveness would likely go undetected. While a self-
reported doctor diagnosis of asthma was not significantly
associated with incident chronic airflow obstruction in
the analysis, there was a suggestion of an effect, which
was supported by our finding that it was also associated
with having a lower FEV1/FVC at follow-up.

When comparing the predictive abilities of the two
models, bronchodilator responsiveness performed bet-
ter than a doctor diagnosis of asthma in discriminating
incident chronic airflow obstruction. This is in keeping
with a previous study where we showed that spirometry
was a better predictor of incident chronic airflow
obstruction than self-reported respiratory symptoms,
including respiratory wheeze.10 A study by Tan and
colleagues in the Tasmanian Longitudinal Health Study
found similar results,8 highlighting the limitations of
self-reported metrics, where recall bias is common,36

over a tangible physiological measurement such as
spirometry.

Our study has several strengths. First, its large
sample size and population-based design make the re-
sults transferable to general populations. Spirometry
was conducted by trained and certified technicians and
lung function data were quality assured centrally. We
also used both bronchodilator responsiveness defini-
tions to enable direct comparison of their predictive
ability. Our study also has limitations. The observational
study design limits our ability to account for unmea-
sured confounding. The longitudinal component of this
study was impacted by significant loss to follow-up
caused by the COVID-19 pandemic. Although we
attempted to account for this by using IPWs, it is
possible that those present at follow-up are not entirely
representative of the general population. We were also
limited by sample size at site level, especially where
prevalence of bronchodilator responsiveness at baseline
and chronic airflow obstruction at follow-up was low,
which restricted our ability to perform stratified analyses
by world region. The smaller sample of men in some
study sites may have also led to the lower precision of
the risk estimate among this group. Finally, as follow-up
periods varied considerably, it is possible that for some
sites follow-up duration was insufficient for some with
bronchodilator responsiveness to develop chronic
airflow obstruction.

In conclusion, we have shown that bronchodilator
responsiveness is a risk factor for chronic airflow
obstruction, an association that appears stronger in
women than men. It is important that future studies in
other large population-based cohorts replicate these
findings, and that work is done to elucidate the mech-
anisms behind this association.
9

http://www.thelancet.com


Articles

10
Contributors
BKB and AFSA conceived the study. BKB and FA performed data
analysis and prepared the first drafts with input from AFSA. JPotts
assisted with the preparation of the database. All authors contributed to
further drafting, and read and approved the final version of the manu-
script. BKB, FA, AFSA and JPotts had access to and verified the un-
derlying data.

Data sharing statement
De-identified participant data and questionnaires may be shared, after
publication, on a collaborative basis upon reasonable request made to Dr
Amaral (a.amaral@imperial.ac.uk). Requesting researchers will be
required to submit an analysis plan.

Declaration of interests
DM declares being a consultant to and receiving royalties from Glax-
oSmithKline, AstraZeneca, and the COPD Foundation (royalty pay-
ments are up to date) and acting as an expert witness for Schlesinger
Law Firm, outside of the submitted work. RN reports grants and per-
sonal fees from AstraZeneca and GlaxoSmithKline and grants from
Boehringer Ingelheim and Novartis, outside of the submitted work. FR
reports grants and personal fees from A. Menarini, Boehringer Ingel-
heim, Teva Pharma, Novartis, GlaxoSmithKline, AstraZeneca, VitalAire
and Nippon Gases outside the submitted work. FF reports consulting
fees from Sanofi and MSD, as well as personal and institutional fees
from Sanofi, AstraZeneca, Chiesi, GSK and Pfizer, outside of the sub-
mitted work. AA reports research grants from the COLT foundation
outside of the submitted work. All other authors declare no competing
interests.

Acknowledgements
We thank all participants and staff for their time and effort put into this
study. Infrastructure support for this research was provided by the
NIHR Imperial Biomedical Research Centre (BRC).

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.eclinm.2025.103123.
References
1 Stanojevic S, Kaminsky DA, Miller MR, et al. ERS/ATS technical

standard on interpretive strategies for routine lung function tests.
Eur Respir J. 2022;60(1).

2 Global Initiative for Asthma: Global strategy for asthma management
and prevention. 2024 (accessed 06/June/2024).

3 Janson C, Malinovschi A, Amaral AFS, et al. Bronchodilator
reversibility in asthma and COPD: findings from three large pop-
ulation studies. Eur Respir J. 2019;54(3).

4 Rutting S, Tonga KO, King GG. Toward explaining fixed airflow
obstruction in asthma. J Allergy Clin Immunol. 2022;149(3):890–
892.

5 Agustí A, Celli BR, Criner GJ, et al. Global initiative for chronic
obstructive lung disease 2023 report: GOLD executive summary.
Eur Respir J. 2023;61(4).

6 Burney P, Patel J, Minelli C, et al. Prevalence and population-
attributable risk for chronic airflow obstruction in a large multi-
national study. Am J Respir Crit Care Med. 2021;203(11):1353–1365.

7 Fortis S, Quibrera PM, Comellas AP, et al. Bronchodilator
responsiveness in tobacco-exposed people with or without COPD.
Chest. 2023;163(3):502–514.

8 Tan DJ, Lodge CJ, Walters EH, et al. Can we use lung function
thresholds and respiratory symptoms to identify pre-COPD? A
prospective, population-based cohort study. Am J Respir Crit Care
Med. 2024;209(12):1431–1440.

9 Knox-Brown B, Potts J, Santofimio VQ, et al. Isolated small airways
obstruction predicts future chronic airflow obstruction: a multina-
tional longitudinal study. BMJ Open Respir Res. 2023;10(1).

10 Lam AHS, Alhajri SA, Potts J, et al. Optimal spirometry thresholds
for the prediction of chronic airflow obstruction: a multinational
longitudinal study. ERJ Open Res. 2024:624–2024.
11 Buist AS, Vollmer WM, Sullivan SD, et al. The burden of
obstructive lung disease initiative (BOLD): rationale and design.
COPD. 2005;2(2):277–283.

12 Amaral AFS, Potts J, Knox-Brown B, et al. Cohort profile: burden of
obstructive lung disease (BOLD) study. Int J Epidemiol.
2023;52(6):e364–e373.

13 Enright P, Vollmer WM, Lamprecht B, et al. Quality of spirometry
tests performed by 9893 adults in 14 countries: the BOLD Study.
Respir Med. 2011;105(10):1507–1515.

14 Miller MR, Hankinson J, Brusasco V, et al. Standardisation of
spirometry. Eur Respir J. 2005;26(2):319–338.

15 Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference
values from a sample of the general U.S. population. Am J Respir
Crit Care Med. 1999;159(1):179–187.

16 Amaral AFS, Burney PGJ, Patel J, et al. Chronic airflow obstruction
and ambient particulate air pollution. Thorax. 2021;76(12):1236–
1241.

17 Amaral AFS, Patel J, Kato BS, et al. Airflow obstruction and use of
solid fuels for cooking or heating: BOLD results. Am J Respir Crit
Care Med. 2018;197(5):595–610.

18 Kulbacka-Ortiz K, Triest FJJ, Franssen FME, et al. Restricted
spirometry and cardiometabolic comorbidities: results from the
international population based BOLD study. Respir Res.
2022;23(1):34.

19 Zou G. A modified Poisson regression approach to prospective
studies with binary data. Am J Epidemiol. 2004;159(7):702–706.

20 Cleves MA. From the help desk: comparing areas under receiver
operating characteristic curves from two or more probit or logit
models. STATA J. 2002;2(3):301–313.

21 Terzikhan N, Verhamme KM, Hofman A, Stricker BH,
Brusselle GG, Lahousse L. Prevalence and incidence of COPD in
smokers and non-smokers: the Rotterdam Study. Eur J Epidemiol.
2016;31(8):785–792.

22 Miller MR, Quanjer PH, Swanney MP, Ruppel G, Enright PL. Inter-
preting lung function data using 80% predicted and fixed thresholds
misclassifies more than 20% of patients. Chest. 2011;139(1):52–59.

23 Tantisira KG, Fuhlbrigge AL, Tonascia J, et al. Bronchodilation and
bronchoconstriction: predictors of future lung function in child-
hood asthma. J Allergy Clin Immunol. 2006;117(6):1264–1271.

24 García-Marcos L, Chiang CY, Asher MI, et al. Asthma management
and control in children, adolescents, and adults in 25 countries: a
Global Asthma Network Phase I cross-sectional study. Lancet Glob
Health. 2023;11(2):e218–e228.

25 Martinez CH, Diaz AA, Meldrum C, et al. Age and small airway
imaging abnormalities in subjects with and without airflow
obstruction in SPIROMICS. Am J Respir Crit Care Med.
2017;195(4):464–472.

26 Chowdhury NU, Guntur VP, Newcomb DC, Wechsler ME. Sex and
gender in asthma. Eur Respir Rev. 2021;30(162):210067.

27 Barnes PJ. Sex differences in chronic obstructive pulmonary dis-
ease mechanisms. Am J Respir Crit Care Med. 2016;193(8):813–814.

28 Zhang P, Zein J. Novel insights on sex-related differences in
asthma. Curr Allergy Asthma Rep. 2019;19(10):44.

29 Takeda M, Tanabe M, Ito W, et al. Gender difference in allergic
airway remodelling and immunoglobulin production in mouse
model of asthma. Respirology. 2013;18(5):797–806.

30 Keselman A, Fang X, White PB, Heller NM. Estrogen signaling
contributes to sex differences in macrophage polarization during
asthma. J Immunol. 2017;199(5):1573–1583.

31 Cephus JY, Stier MT, Fuseini H, et al. Testosterone attenuates
group 2 innate lymphoid cell-mediated airway inflammation. Cell
Rep. 2017;21(9):2487–2499.

32 Tam A, Churg A, Wright JL, et al. Sex differences in airway
remodeling in a mouse model of chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 2016;193(8):825–834.

33 Gnatiuc L, Buist AS, Kato B, et al. Gaps in using bronchodilators,
inhaled corticosteroids and influenza vaccine among 23 high- and
low-income sites. Int J Tuberc Lung Dis. 2015;19(1):21–30.

34 Schyllert C, Lindberg A, Hedman L, et al. Low socioeconomic status
relates to asthma and wheeze, especially in women. ERJ Open Res.
2020;6(3).

35 Refiloe MKM, Rebecca N, Maia L, et al. Asthma care in sub-Saharan
Africa: mind the gap. J Pan Afr Thorac Soc. 2022;3:59–62.

36 Torén K, Palmqvist M, Löwhagen O, Balder B, Tunsäter A. Self-
reported asthma was biased in relation to disease severity while
reported year of asthma onset was accurate. J Clin Epidemiol.
2006;59(1):90–93.
www.thelancet.com Vol 81 March, 2025

mailto:a.amaral@imperial.ac.uk
https://doi.org/10.1016/j.eclinm.2025.103123
https://doi.org/10.1016/j.eclinm.2025.103123
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref1
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref1
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref1
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref2
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref2
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref3
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref3
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref3
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref4
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref4
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref4
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref5
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref5
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref5
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref6
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref6
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref6
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref7
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref7
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref7
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref8
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref8
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref8
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref8
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref9
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref9
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref9
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref10
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref10
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref10
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref11
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref11
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref11
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref12
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref12
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref12
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref13
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref13
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref13
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref14
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref14
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref15
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref15
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref15
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref16
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref16
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref16
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref17
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref17
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref17
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref18
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref18
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref18
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref18
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref19
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref19
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref20
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref20
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref20
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref21
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref21
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref21
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref21
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref22
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref22
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref22
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref23
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref23
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref23
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref24
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref24
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref24
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref24
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref25
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref25
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref25
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref25
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref26
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref26
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref27
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref27
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref28
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref28
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref29
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref29
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref29
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref30
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref30
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref30
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref31
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref31
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref31
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref32
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref32
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref32
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref33
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref33
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref33
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref34
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref34
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref34
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref35
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref35
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref36
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref36
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref36
http://refhub.elsevier.com/S2589-5370(25)00055-0/sref36
http://www.thelancet.com

	Bronchodilator responsiveness and future chronic airflow obstruction: a multinational longitudinal study
	Introduction
	Methods
	Study design and participants
	Ethics
	Procedures
	Bronchodilator responsiveness
	Outcomes
	Statistics
	Role of the funding source

	Results
	Discussion
	ContributorsBKB and AFSA conceived the study. BKB and FA performed data analysis and prepared the first drafts with input f ...
	Data sharing statementDe-identified participant data and questionnaires may be shared, after publication, on a collaborativ ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


