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To the Editor:

Asthma affects almost 10% of people worldwide, but up to a third of patients are misdiagnosed [1].
Asthma is a highly rhythmic disease; the majority of patients experience pronounced nocturnal
symptoms [2]. Despite almost all the key diagnostic tests showing diurnal variability [2], tests carried out
at unspecified times of day are used for clinical decision making. The American Thoracic Society and
European Respiratory Society (ATS/ERS) technical statements for spirometry and fractional exhaled nitric
oxide (Feno) acknowledge diurnal variation observed in these tests and recommend the documentation of
timing whenever possible [3, 4], but no specific advice is given on how this information should influence
interpretation of results. Current asthma diagnostic strategies also do not take into account diurnal variation
in tests, likely due to the lack of evidence on how the time of day impacts diagnostic decisions. We
investigated the impact of the time of day on the diagnostic performance of tests in asthma.

The Rapid Access Diagnostics for Asthma (RADicA) Study (Research Ethics Committee number 18/NW/
0777; ISRCTN 11676160; https:/www.radica.org.uk [5]) provides a research platform where symptomatic
and untreated (defined as no inhaled corticosteroids use for at least 4 weeks prior to consent) individuals
with clinician-suspected asthma are recruited and after giving written, informed consent undergo extensive
physiological testing. Using data from RADicA, we describe how the performance of diagnostic tests is
influenced by the time of day. Briefly, clinical history and physical examination was carried out.
Participants were asked about within-day symptom patterns using a structured questionnaire which was
interviewer-administered. Key asthma diagnostic tests, including spirometry and bronchodilator reversibility
(BDR), Feno, methacholine and mannitol bronchial challenge tests, were performed [5]. Participants were
skin prick tested and blood eosinophils measured before inhaled corticosteroids (ICS) (Flixotide Accuhaler,
250 pg twice daily) were commenced. Asthma diagnosis was confirmed or refuted by a panel comprising
at least two asthma specialists following 6-8 weeks of ICS and taking into account all clinical information
and test results. Bronchodilators were withheld for at least 8 h, caffeine intake avoided for 8 h and
antihistamines for 3 days prior to all clinical visits. The time of the appointments was allocated based on
patients’ preference and clinic availability between 09:00 and 17:00, reflecting clinical practice. The time
at which the tests were performed was recorded. Positive tests were defined according to the UK National
Institute for Health and Care Excellence 2017 asthma diagnostic guidance [6].

Tests performed prior to the initiation of ICS were included in the analysis. Time variable was either
treated as a continuous variable (over 24 h) or split into two hourly time slots (09:00-11:00, 11:00-13:00,
13:00-15:00 and 15:00-17:00). Quantile regression was used where a linear relationship was assumed
during the investigated timeframe based on existing literature (e.g. in FEno, BDR and bronchial challenge
tests). Where a non-linear relationship was assumed (i.e. in spirometry parameters, which typically peak
during early afternoon), descriptive statistics and a one-way analysis of variance were used. The
relationships between timing of measurements and positive/negative test results were assessed using
logistic regression. Missing data were excluded. All statistics were performed using R version 4.1 (RStudio
version 1.4.1106).

140 symptomatic adults (>16 years) were recruited, of which 118 (84.3%, median (IQR) age: 32.0 (26.0—
42.8) years, 37.3% male) had definitive diagnostic outcomes (59.3% asthma and 40.7% not asthma). 84%
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Definitions (UK NICE 2017 asthma diagnostic
guidance):

Obstructed spirometry:
FEV,/FVC <lower limit of normal

Positive bronchodilator reversibility:
12% improvement in FEV, and at least 200 mL
following 400 pg of salbutamol

Positive fractional exhaled nitric oxide:
=40 parts per billion (ppb)

Abbreviations:

FEV;: forced expiratory flow with in 1 second
FVC: foced vital capacity

ppb: parts per billion
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FIGURE 1 a) Self-reported symptom pattern in response to the question “Is there any variability of your
symptoms through the day?” and “If yes, when are your symptoms worse usually? (Circle all relevant): Morning,
afternoon, evening, night”; b) Self-reported symptom patterns of patients specifying the hours during which
the symptoms worsened; c) Proportion of obstructive spirometry, positive bronchodilator reversibility and
fractional exhaled nitric oxide tests at different time frame during clinical hours. Fgyo: exhaled nitric oxide
fraction; FEV;: forced expiratory volume in 1s; exhaled nitric oxide fraction; FVC: forced vital capacity; ppb:
parts per billion.

of those with asthma and 68% not asthma reported same-day variation in symptoms. Most individuals
reported worsening symptoms in the morning and/or overnight, and fewest symptoms between 09:00 and
17:00 (figure la-b).

There were no differences in baseline characteristics (age, sex, smoking status, blood eosinophilia, skin
prick test sensitisation, Asthma Control Questionnaire score and self-reported same-day variability in
symptoms) between participants attending the morning or afternoon clinics. Of 28 patients with baseline
obstructive spirometry, 92.9% were subsequently diagnosed with asthma; all participants with positive
BDR were diagnosed with asthma. Obstructive spirometry was least commonly found during early
afternoon (figure 1c), and median % change in forced expiratory volume within 1s (FEV;) following
bronchodilation significantly fell as the day went on (B=—0.91, 95% CI: (—1.52, —0.15), p=0.018). The
prevalence of positive BDR tests decreased during the day (figure 1c). However, the likelihood of having
an obstructive spirometry (OR: 0.97, 95% CI: [0.42, 2.33], p=0.953) or a positive BDR (adjusted for
baseline airflow obstruction, OR: 0.47, 95% CI: [0.15, 1.37], p=0.173) in the afternoon was not
significantly different compared to tests in the morning.

Of 48 patients who had a positive FEno test, 85.4% were subsequently diagnosed with asthma. The median
Feno levels were also negatively associated with the timing of measurements (=—5.0, 95% CI: [-9.3
—0.7], p=0.009) in the univariate quantile regression. Following the adjustment for atopy and blood
eosinophilia, timing of test remained significant. The effect of timing was pronounced with a fall of 6.2
ppb (95% CI [-10.4, —2.1]) per hour as the day went on in atopic individuals, although this association
was not observed in non-atopic individuals. The proportion of positive Feno tests fell as the day went on
(figure 1c) and performing FEno in the morning was more likely to give a positive result than performing
in the afternoon (odds ratio [95%CI]: 3.35 [1.33—-9.05], p=0.013) in the multivariate logistic regression
model. We did not find the time of day affected the bronchial challenge tests (afternoon methacholine
challenge compared to morning tests: OR: 0.88, 95% CI: [0.40, 1.98]; mannitol challenge: OR: 1.40, 95%
CI: [0.48, 4.17]).

We found that the timing of performing FEno and BDR is likely to affect test results in the diagnostic setting.
Performing these tests in the morning may improve test sensitivity and have health-economic implications.

The diurnal pattern observed in Feno and bronchodilator response were consistent with previous reports
[2, 7, 8]. Lung function peaks during early afternoon [9], consistent with the observed fall in the
prevalence of obstructive spirometry during this time. We have previously found that over 30% of severe
asthma patients had same-day variability in FEno exceeding the minimal clinically significant difference
[10]. Importantly, FEno has recently been recommended by the ATS to monitor asthma treatment [11]; we
would advocate that the time of day is taken into account to improve the usefulness of FEno in this setting.
As self-reported time-of-day symptom patterns coincide with airflow obstruction in patients with asthma, it
is plausible that assessing the airflow obstruction and associated inflammation at the time of day when
patients are most symptomatic may improve diagnostic efficiency. Although domiciliary spirometry and
FEno has been evaluated for asthma self-management [12], its utility for diagnosis is unclear and should
be investigated as the next step.

Our study is limited by small sample size and large interpersonal variations, making subgroup analyses
difficult. The lack of statistical significance may also have been a result of our study being underpowered.
No assessment of intra-individual diurnal variation could be made in the current study; a future
longitudinal study with intra-individual repeated measurements at different time of day will be needed to
validate our findings and establish the optimal timing of tests.

As asthma is such a common and frequently misdiagnosed disease, these findings suggest a significant
impact of timing on clinical decision making, particularly in those with borderline results.

https://doi.org/10.1183/23120541.00916-2023 3



ERJ OPEN RESEARCH

RESEARCH LETTER | R. WANG ET AL.

L2 Robert Maidstone', Laura Healy"?, Sarah Drake'?,

123 and Hannah J. Durrington @

Ran Wang @', Stephen J. Fowler
Lesley Lowe?, Angela Simpson'?, Clare S. Murray

!Division of Immunology, Immunity to infection and Respiratory Medicine, School of Biological
Sciences, The University of Manchester, Manchester, UK. “Manchester University NHS Foundation
Trust, Manchester, UK. 3These authors contributed equally.

Corresponding author: Hannah Durrington (Hannah.durrington@manchester.ac.uk)

Provenance: Submitted article, peer reviewed.

Acknowledgement: We would like to thank the RADicA study participants for their time and commitment to the
study and the RADicA study team for help with data collection. R. Wang, S.J. Fowler, L. Healy, S. Drake, C.S.
Murray, A. Simpson and H.J. Durrington are supported by Manchester NIHR BRC. H.J. Durrington is funded by MRC
CSF (MRC-CSF-MR/V029460/1). R. Maidstone is funded by Asthma and Lung UK (AUK-SCAD-2013-229).

This study is registered at https:/www.isrctn.com/ with identifier number 11676160. Individual participant data
that underlie the results reported in this article, after deidentification, will be shared 3 years following the
completion of the RADicA study and following the publication with investigators whose proposed use of data has
been approved by the study sponsors. Proposals should be directed to research.sponsor@mft.nhs.uk. To gain
access, data requestors will need to sign a data access agreement.

Ethics statement: This study was approved by the Research Ethics Committee (GM East REC, 18/NW/0777). All
participants provided informed written consent.

Author contributions: R. Wang contributed to the data acquisition, statistical analysis and writing of the submitted
article. S.J. Fowler, A. Simpson and C.S. Murray contributed to the conception of the study, planning, set up, data
acquisition and reviewing of the submitted article. R. Maidstone contributed to statistical analysis. L. Healy,
S. Drake and L. Lowe contributed to the data acquisition and reviewing of the manuscript. H.J. Durrington
contributed critical review to the study design, data and reviewing of the manuscript.

Conflict of interest: R. Wang reports support for the present manuscript from Manchester BRC; research grants
from the National Institute of Health Research and Moulton Charitable Foundation, outside the submitted work;
support for attending meetings and/or travel from ICAN meeting, GSK/AZ/Sanofi, Asthma and Lung UK/BTS,
outside the submitted work. R. Maidstone reports support for the present manuscript from Asthma and Lung UK
Grant WAPG22/100005. A. Simpson reports support for the present manuscript from the Medical Research Council,
Asthma UK, National Institute of Health Research and GSK. C.S. Murray reports support for the present manuscript
from the National Institute for Health Research and Asthma UK; grants or contracts from the North West Lung
Centre Charity and Moulton Charitable Foundation, outside the submitted work; and lecture fees from Novartis
and GSK, outside the submitted work. H.J. Durrington reports support for the present manuscript from the
Medical Research Council, Asthma and Lung UK, and Mouton Charitable Trust; consulting fees from Chiesi and
Healthnet Homecare, outside the submitted work; and is a member of the Drug Safety and Monitoring Board for
HEAL-COVID, Deputy Chair of the NIHR Respiratory Translational Research Collaboration for the Manchester BRC
and a member of the Lung Research and Innovation Group, UK, outside the submitted work. The remaining
authors have nothing to disclose.

Support statement: This work was supported by the NIHR Biomedical Research Centre (grant number
BRC-1215-20007) and Asthma UK/Innovate (grant number AUK-PG-2018-406). The funders had no role in the study
design, data collection, analysis or design of the manuscript. Funding information for this article has been
deposited with the Crossref Funder Registry.

References

1 Aaron SD, Vandemheen KL, FitzGerald JM, et al Re-evaluation of diagnosis in adults with
physician-diagnosed asthma. Jama 2017; 317: 269-279.

2 Wang R, Murray CS, Fowler SJ, et al. Asthma diagnosis: into the fourth dimension. Thorax 2021; 76: 624-631.

3 Graham BL, Steenbruggen I, Miller MR, et al. Standardisation of spirometry 2019 Update. An official American
Thoracic Society and European Respiratory Society technical statement. Am J Respir Crit Care Med 2019; 200:
e70-e88.

4 The American Thoracic Society and European Respiratory Society (ATS/ERS) recommendations for
standardised procedures for the online and offline measurement of exhaled lower respiratory nitric oxide and
nasal nitric oxide, 2005. Am J Respir Crit Care Med 2005; 171: 912-930.

https://doi.org/10.1183/23120541.00916-2023 4


https://orcid.org/0000-0003-3324-969X
https://orcid.org/0000-0002-4524-1663
https://orcid.org/0000-0002-9990-9446
mailto:Hannah.durrington@manchester.ac.uk
https://www.isrctn.com/
https://www.isrctn.com/
https://www.crossref.org/services/funder-registry/

ERJ OPEN RESEARCH

10

11

12

RESEARCH LETTER | R. WANG ET AL.

Drake S, Wang R, Healy L, et al. Diagnosing asthma with and without aerosol-generating procedures. J Allergy
Clin Immunol Pract 2021; 9: 4243-4251.

National Institute for Health and Care Excellence 2017. www.nice.org.uk/guidance/ng80. Date last accessed:
12 June 2023.

Wilkinson M, Maidstone R, Loudon A, et al. Circadian rhythm of inhaled biomarkers in health and asthma. Eur
Respir J 2019; 54: 1901068.

Sly PD, Landau LI. Diurnal variation in bronchial responsiveness in asthmatic children. Pediatr Pulmonol 1986;
2: 344-352.

Scheer FAJL, Hilton MF, Evoniuk HL, et al. The endogenous circadian system worsens asthma at night
independent of sleep and other daily behavioural or environmental cycles. Proc Natl Acad Sci USA 2021; 118:
€2018486118.

Wang R, Alahmadi F, Niven R, et al. Same-day repeatability of fractional exhaled nitric oxide in severe asthma.
Eur Respir J 2021; 57: 2003391.

Khatri SB, laccarino JM, Barochia A, et al. Use of fractional exhaled nitric oxide to guide the treatment of
asthma: an official American Thoracic Society clinical practice guideline. Am J Respir Crit Care Med 2021; 204:
e97-e109.

Wang R, Usmani OS, Chung KF, et al. Domiciliary fractional exhaled nitric oxide and spirometry in monitoring
asthma control and exacerbations. J Allergy Clin Immunolo Pract 2023; 18: 1787-1795.

https://doi.org/10.1183/23120541.00916-2023 5


https://www.nice.org.uk/guidance/ng80

	The impact of time of day on the diagnostic performance of tests for asthma
	References




