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ABSTRACT
We investigated the association between time of day 
and season of testing on the level of bronchodilator 
responsiveness in a hospital-based population. We 
found that per 1-hour increment in the working day, the 
odds of a positive bronchodilator response decreased 
by 8%. A similar effect was seen when time of day was 
dichotomised into morning and afternoon time periods. 
When stratifying by referral reason, the impact of time 
of day was only seen in those referred for asthma/
query asthma. We also found that bronchodilator 
responsiveness was more common in winter months 
compared with the rest of the year.

INTRODUCTION
A key diagnostic criterion of asthma is broncho-
dilator responsiveness, traditionally defined as an 
improvement in the forced expiratory volume in 1 s 
(FEV1) or forced vital capacity (FVC) after bron-
chodilator administration.1 2

Diurnal variability in symptom presentation is 
characteristic of asthma, with previous research 
suggesting that a biological clock mechanism is 
an important factor in asthma pathogenesis.3 
With respect to bronchodilator responsiveness, 
it is unknown if the effect of diurnal variability is 
restricted to only patients with asthma. Further-
more, the role of seasonal variation on bronchial 
hyperreactivity is unknown. We investigated the 
association between time of day and season of testing 
on the level of bronchodilator responsiveness.

METHODS
We retrospectively analysed data from patients 
referred to Cambridge University Hospitals NHS 
Foundation Trust between 1 January 2016 and 31 
December 2023. Data were included in this study 
for all patients who were 18 years or older at the 
time of testing, who had acceptable and reproduc-
ible prebronchodilator and postbronchodilator 
spirometry.4 Data were extracted directly from the 
testing software.

Spirometry was instructed by certified phys-
iologists. Spirometry was performed on the 
MasterScreen-PFT-Pro from Vyaire Medical before, 
and 20 min after inhalation of 400 µg of salbutamol 
delivered via a metered dose inhaler and spacer. 
Spirometers were calibrated daily and serviced 
according to manufacturer guidance. GLI race-
neutral reference equations were used to calculate 
the lower limit of normal and percent predicted 
values.5 We defined bronchodilator responsiveness 

for both the American Thoracic Society/European 
Respiratory Society (ATS/ERS) 2005 (change in 
FEV1 or FVC≥12% and ≥200 mL of the initial 
value),1 and ATS/ERS 2022 definitions (change of 
>10% relative to the predicted value for FEV1 or 
FVC).2

We performed multivariable logistic regression 
analyses to investigate the influence of time of day 
on the odds of having a positive bronchodilator 
response. We considered time of day in the context 
of the working hours of the lung function testing 
laboratory (08:30–16:30). We modelled time as a 
continuous (per 1-hour increment), binary (08:30–
13:30 vs 13:30–16:30) and categorical predictor 
(08:30–11:00 vs 11:01–14:00 vs 14:00–16:30). 
We adjusted regression models for age (years), sex 
(male/female), body mass index (BMI) (kg/m2), 
smoking history (ever/never) and prebronchodi-
lator FEV1/FVC. To check for effect modification, 
we performed stratified analyses on those referred 
for asthma/query asthma vs any other referral 
reason. We also investigated the significance of 
any interaction between referral reason and time 
of day on the odds of having a positive broncho-
dilator response. We compared the results from the 
model with the interaction term to a model with the 
individual predictors using the likelihood ratio test. 
Referral reason was based on clinical judgement 
and extracted from the consultant referral docu-
ment. We repeated the above analyses to investigate 
the influence of seasonal variation on bronchodi-
lator responsiveness. We considered results signifi-
cant if the p value was less than 0.05. Analyses were 
performed using Stata V.18 (StataCorp).

RESULTS
Data from 1620 individual patients were included 
in our analyses (online supplemental efigure 1). 
62% (1004 of 1620) were female, mean (SD) age 
was 53.2 (16.1) years and mean BMI was 29.4 kg/
m2 (7.1). 48% (722 of 1620) of patients reported 
having ever smoked, with 58% (944 of 1620) 
referred for asthma/query asthma. Other referral 
reasons are described in online supplemental 
etable 1. 25% of patients (400 of 1620) had bron-
chodilator responsiveness according to the ATS/
ERS 2005 definition, compared with 26% (416 of 
1620) of patients when using the 2022 definition. A 
greater proportion of patients tested in the morning 
had bronchodilator responsiveness compared with 
those tested in the afternoon for both ATS/ERS 
2005 (28% vs 22%) and ATS/ERS 2022 (28% vs 
23%) definitions (table 1, figure 1a).
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The results of the multivariable logistic regression showed that 
per 1-hour increment in the working day, the odds of having 
bronchodilator responsiveness declined by 8% (OR 0.92, 95% 
CI 0.88 to 0.97). When the time of day was dichotomised into 
morning and afternoon sessions, there was a similar association, 
with reduced odds of bronchodilator responsiveness in the after-
noon (OR 0.68, 95% CI 0.54 to 0.85) (table 2). Patients referred 
for asthma/query asthma had a significant association with 
bronchodilator responsiveness, with the magnitude of the effect 

similar to that of the main analysis, while there was no associ-
ation in those referred for other reasons (online supplemental 
etables 2,3). There was also evidence of a significant interaction 
between referral reason and time of day (per 1-hour increment) 
on the odds of having a positive bronchodilator response (p 
value for likelihood ratio test <0.001).

For the seasonal analysis, proportionally more patients tested 
in the winter had bronchodilator responsiveness compared with 
other seasons (figure 1b). Compared with those tested in winter, 
patients tested in autumn had significantly lower odds of having 
bronchodilator responsiveness but only for those with broncho-
dilator responsiveness according to the ATS/ERS 2005 definition 
(OR 0.67, 95% CI 0.48 to 0.92) (online supplemental etables 
4,5)

DISCUSSION
We have found that in contrast to patients tested in the after-
noon, patients tested for asthma/query asthma in the morning 
had lower lung function and were more likely to exhibit bron-
chodilator responsiveness. Studies have shown that the clock 
protein REV-ERBα controls airway hyperresponsiveness at 
different times of day, and that knocking down the Rev-erbα gene 
abolishes the time-of-day effect.6 7 The results from our study 
are consistent with the recently published RADicA study, which 
in a relatively small sample of patients with suspected asthma 
found that patients self-reported their worst symptoms in the 
morning and night, and that patients were more likely to demon-
strate bronchodilator responsiveness in the morning compared 
with the afternoon.8 Taken together, these findings suggest that 

Table 1  Characteristics of study participants overall and by testing 
time

Overall
(n=1620)

Morning
08:30–12:30
(n=852)

Afternoon
13:30–16:30
(n=768) P value

Demographics  �   �   �   �

Age, years, mean (SD) 53.2 (16.1) 53.4 (15.9) 53.1 (16.5) 0.704

Female, n (%) 1004 (62%) 540 (63%) 464 (60%) 0.220

White, n % 1498 (92%) 784 (92%) 714 (93%) 0.469

BMI, kg/m2, mean (SD) 29.4 (7.1) 29.8 (7.6) 28.9 (6.4) 0.006

Ever smoked, n (%) 772 (48%) 407 (48%) 365 (48%) 0.922

Referred for asthma/
query asthma, n (%)

944 (58%) 523 (61%) 421 (55%) 0.007

Baseline spirometry  �   �   �   �

FEV1, L, mean (SD) 2.5 (1.0) 2.4 (0.9) 2.6 (1.0) 0.001

FEV1, pp, mean (SD) 86.5 (23.7) 84.3 (24.1) 88.9 (23.1) <0.001

FVC, L, mean (SD) 3.7 (1.2) 3.6 (1.4) 3.7 (1.2) 0.017

FVC, pp, mean (SD) 101.0 (20.0) 99.5 (20.2) 102.7 (19.6) 0.001

FEV1/FVC, %, mean (SD) 52.3 (23.4) 54.4 (22.8) 49.9 (23.9) <0.001

FEV1/FVC<LLN, n (%) 1047 (65%) 530 (62%) 517 (67%) 0.032

Postbronchodilator 
spirometry

 �   �   �   �

FEV1, L, mean (SD) 2.7 (1.0) 2.6 (0.9) 2.8 (1.0) 0.006

FEV1 % change, median 
(IQR)

5.7 (1.9, 11.4) 6.5 (2.1, 12.6) 5.3 (1.9, 10.6) 0.010

FVC, L, mean (SD) 3.7 (1.2) 3.7 (1.1) 3.8 (1.2) 0.010

FVC % change, median 
(IQR)

1.0 (−1.7, 5.2) 1.4 (−1.6, 5.9) 0.5 (−2.0, 4.4) 0.002

FEV1/FVC, %, mean (SD) 53.9 (25.4) 56.6 (24.2) 50.9 (26.0) <0.001

FEV1/FVC<LLN, n (%) 933 (58%) 467 (55%) 466 (61%) 0.017

BDR 2005 definition, 
n (%)

400 (25%) 234 (28%) 166 (22%) 0.006

BDR 2022 definition, 
n (%)

416 (26%) 242 (28%) 174 (23%) 0.008

Continuous variables are reported as mean with SD or median with IQR. Categorical 
variables are reported as number (n) with percentage (%). Independent t-test 
is used to compare differences in means, and Mann-Whitney U test is used to 
compare differences in medians between morning versus afternoon testing. χ2 
test is used to compare differences in the number and percentage in each category 
between morning versus afternoon testing. A p<0.05 is considered significant.
ATS/ERS 2005 definition: change in FEV1 or FVC ≥12% and ≥200mL of the initial 
value.1

Reversibility ATS/ERS 2022 definition: change of >10% relative to the predicted 
value for FEV1 or FVC.2

Predicted values for FEV1 and FVC and the LLN for FEV1/FVC calculated using race-
neutral reference equations from the Global Lung Initiative.5

ATS/ERS, American Thoracic Society/European Respiratory Society; BDR, 
bronchodilator responsiveness; BMI, body mass index; % change, per cent change 
pre to post bronchodilator; FEV1, forced expiratory volume in 1 s; FVC, forced vital 
capacity; LLN, lower limit of normal; pp, per cent predicted.

Figure 1  Graph showing (A) the association between time of test and 
bronchodilator responsiveness and (B) the association between season 
of test and bronchodilator responsiveness. ATS/ERS, American Thoracic 
Society/European Respiratory Society.
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performing diagnostic testing when patients are most symptom-
atic, that is, in the morning, may improve diagnostic testing. This 
also reinforces the need to document the timing of spirometry 
testing whenever possible, and that repeat testing should be done 
at the same time of day.

Similarly, we also found seasonal variation in bronchodilator 
responsiveness, with bronchodilator responsiveness more likely 
to be seen in the winter months. Interestingly, previous groups 
found that adults or children with asthma or allergic rhinitis 
display greater FeNO and methacholine hyperresponsiveness 
during pollen season, characteristically seen during summer.9 10 
We saw a slight increase in the proportion with bronchodilator 
responsiveness in the summer compared with the spring and 
autumn, but still to a lesser extent than seen in the winter. This 
could be because previous research has focused on a younger, 
more atopic population where an IgE response is more predom-
inant, compared with older adults where asthma mortality and 
hospital admissions are higher during winter.

Although limited by cross-sectional study design and a lack 
of information regarding the formal diagnosis, we show that 
patients with asthma/query asthma are more likely to demon-
strate bronchodilator responsiveness if spirometry testing is 
done in the morning compared with later in the working day. We 
also show that bronchodilator responsiveness is more likely in 
the winter months. This should be considered by clinicians when 
interpreting the results of bronchodilator responsiveness testing. 
It is important that prospective studies are conducted to confirm 
our findings, with particular focus on repeated measurements of 
the same individuals at different times of the day.

X Karl Peter Sylvester @CambsRespPhys and Akhilesh Jha @Akhilesh_Jha
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A p<0.05 is considered significant.
ATS/ERS 2005 definition: change in FEV1 or FVC ≥12% and ≥200mL of the initial value.1

Bronchodilator responsiveness ATS/ERS 2022 definition: change of >10% relative to the predicted value for FEV1 or FVC.2

Predicted values for FEV1 and FVC and the LLN for FEV1/FVC are calculated using race-neutral reference equations from the Global Lung Initiative.5

ATS/ERS, American Thoracic Society/European Respiratory Society; BDR, bronchodilator responsiveness; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower limit of normal.

397Knox-Brown B, et al. Thorax 2025;80:395–397. doi:10.1136/thorax-2024-222773

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 Ju

ly 5, 2026
 

h
ttp

://th
o

rax.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
11 M

arch
 2025. 

10.1136/th
o

rax-2024-222773 o
n

 
T

h
o

rax: first p
u

b
lish

ed
 as 

https://x.com/CambsRespPhys
https://x.com/Akhilesh_Jha
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5573-4413
http://orcid.org/0000-0002-8413-7738
http://dx.doi.org/10.1183/09031936.05.00034805
http://dx.doi.org/10.1183/13993003.01499-2021
http://dx.doi.org/10.1136/thoraxjnl-2020-216421
http://dx.doi.org/10.1164/rccm.201908-1590ST
http://dx.doi.org/10.1164/rccm.202205-0963OC
http://dx.doi.org/10.1073/pnas.2018486118
http://dx.doi.org/10.1183/13993003.02407-2019
http://dx.doi.org/10.1183/23120541.00916-2023
http://dx.doi.org/10.1016/j.jaci.2006.03.018
http://dx.doi.org/10.1016/j.jaci.2006.03.018
https://pubmed.ncbi.nlm.nih.gov/22312937
http://thorax.bmj.com/

	Effect of time of day and seasonal variation on bronchodilator responsiveness: the SPIRO-­TIMETRY study
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


