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Abstract
Background Older adults with asthma have the greatest burden and worst outcomes, and there is
increasing evidence that chronic cough (CC) is associated with asthma severity and poor prognosis.
However, the clinical characteristics of older adult patients with both asthma and CC remain largely
unknown.
Methods Participants with stable asthma underwent two cough assessments within 3 months to define the
presence of CC. Patients were divided into four groups based on CC and age (cut-off ⩾60 years).
Multidimensional assessment was performed at baseline, followed by a 12-month follow-up to investigate
asthma exacerbations. Logistic regression models were used to explore the interaction effect of CC and age
on asthma control and exacerbations.
Results In total, 310 adult patients were prospectively recruited and divided into four groups: older CC
group (n=46), older non-CC group (n=20), younger CC group (n=112) and younger non-CC group
(n=132). Compared with the younger non-CC group, the older CC group had worse asthma control and
quality of life and increased airflow obstruction. The older CC group showed an increase in moderate-to-
severe exacerbations during the 12-month follow-up. There was a significant interaction effect of CC and
ageing on the increased moderate-to-severe exacerbations (adjusted risk ratio 2.36, 95% CI 1.47–3.30).
Conclusion Older asthma patients with CC have worse clinical outcomes, including worse asthma control
and quality of life, increased airway obstruction and more frequent moderate-to-severe exacerbations,
which can be partly explained by the interaction between CC and ageing.
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Introduction
Asthma is a chronic inflammatory airway disease characterised by cough, dyspnoea, wheezing, chest
tightness with variable airflow limitation and airway hyperresponsiveness [1]. The prevalence of asthma
among patients older than 60 years is >10% [2]. This population is increasing with an ageing society,
adding a heavy socioeconomic burden to the healthcare system [1]. Notably, older patients with asthma
have the greatest burden of disease and worst outcomes owing to asthma exacerbations [3, 4], which may
be partly explained by comorbidities and age-related changes, such as ageing lung function and distinct
airway inflammation [5]. Given these complexities, there is a need to further study the features of asthma
in this vulnerable population and identify the factors associated with asthma exacerbations to formulate
more effective treatments.

Cough is the most troublesome symptom for patients with asthma [6, 7]. The worldwide prevalence of
chronic cough (CC) is approximately 10%, with up to 6% in the Chinese population aged ⩾50 years,
resulting in impaired quality of life [8, 9]. Managing chronic airway diseases through “treatable traits” has
been proposed as a way to apply personalised medicine to improve outcomes [10]. In recent years, more
and more attention has been paid to cough as a crucial pulmonary treatable trait for asthma management.
There is increasing evidence that CC is associated with asthma severity and poor prognosis [11, 12]. A
recently published cross-sectional study found that CC in patients with asthma was associated with worse
respiratory symptoms and greater healthcare utilisation [13]. Furthermore, we recently found that CC is
associated with increased airway inflammation and worse clinical outcomes in asthma [14]. However, the
clinical characteristics of asthma and CC in the older adult population remain largely unknown.

Therefore, this study aimed to explore the clinical characteristics of older adult patients with asthma and
CC using a multidimensional assessment in a real-world setting, and to identify implications for asthma
management in older individuals.

Methods
Study design
This was a prospective 12-month cohort study in a real-world setting. At baseline, all participants
underwent a multidimensional assessment described previously [15]. During the 12-month follow-up
period, patients underwent face-to-face visits (or by telephone if unable to attend) to collect detailed
information about exacerbations. The Institutional Review Board at the West China Hospital approved all
protocols (2014-30), and written informed consent was obtained from all participants.

Participants
Participants aged ⩾18 years with stable asthma were consecutively recruited from September 2016 to
January 2021, based on the Australasian Severe Asthma Network [16]. Asthma was diagnosed according
to Global Initiative for Asthma (GINA) guidelines [17], based on current episodic respiratory symptoms
and confirmed by evidence of variable expiratory airflow limitation with either airway hyperresponsiveness
challenged by methacholine or bronchodilator responsiveness with improvement of forced expiratory
volume in 1 s (FEV1) >12% and >200 mL after a short-acting β2-agonist. The diagnostic criteria of asthma
in this study are described in the supplementary file. Stable asthma was defined as an exacerbation-free
condition with no respiratory infection or no change in maintenance therapy in the preceding 4 weeks
before study entry.

As a real-world study, indications for patient treatment were based on the GINA guidelines [17]. At
screening stage, all participants received anti-asthma therapy for 3 months. If participants had poor asthma
control or asthma exacerbations, step-up treatment was applied after 3 months of therapy. Otherwise,
maintenance therapy was applied after 3 months. After the screening stage, patients were asked whether
they had cough persisting for at least 3 months. Then those patients were classified into four conditions:
a) cough absent at the beginning of screening but newly appeared at the end of 3 months; b) cough present
at the beginning of screening persists despite 3-month anti-asthma therapy; c) cough present only at the
beginning of screening but resolved by the end of 3 months; d) cough absent both at screening and during
the 3 months. The participants with condition “a” were excluded as representative of a case of unstable
asthma. The participants with condition “b” were defined as the CC group, and participants with
conditions “c” or “d” were defined as the non-CC group (figure 1). In this study, CC was defined as cough
that persisted for at least 3 months despite GINA-guided treatment. Moreover, patients were classified into
the older group (⩾60 years) or younger group (18–59 years) based on their age at study entry. Accordingly,
patients with chronic asthma were classified into four groups: the older CC group, the younger CC group,
the older non-CC group and the younger non-CC group.
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Multidimensional assessment
All participants underwent multidimensional assessment, which has been described previously [15].
Comprehensive clinical data were collected at baseline (the end of the 3-month anti-asthma therapy),
including demographic and clinical characteristics such as comorbidities, medication use, lung function,
asthma control and asthma exacerbations in the previous year. Detailed definitions of comorbidities are
described in supplementary table S1. Asthma control and quality of life were assessed using the six-item
Asthma Control Questionnaire (ACQ-6) and Asthma Quality of Life Questionnaire (AQLQ) [18, 19],
respectively. Dyspnoea, chest tightness and wheezing intensity were evaluated using a visual analogue
scale (VAS). The VAS of dyspnoea, chest tightness and wheezing ranged from 0 (no symptoms) to
100 mm (the worst symptoms ever) [20]. Spirometry was measured based on the American Thoracic
Society (ATS)/European Respiratory Society (ERS) recommendations [21]. Skin prick tests were
performed for 11 common allergens, including dog hair, cat hair, cockroach, pollen (ragweed, birch, maize
and London plane), mould (Alternaria tenuis and Aspergillus fumigatus) and house dust mites
(Dermatophagoides pteronyssinus and Dermatophagoides farinae). Atopy was defined by the presence of
at least one positive skin prick test [15]. In addition, all participants underwent blood sampling and sputum
induction. More details are provided in the supplementary file.

In this study, cough severity and cough-related quality of life were assessed using a cough symptom
score [14], cough VAS [22] and the Chinese version of the Leicester Cough Questionnaire (LCQ) [23].
The LCQ consists of 19 questions that cover three subdomains reflecting physical, social and
psychological issues. A higher score indicates a better cough-related quality of life. The cough symptom
score, ranging from 0 to 3, reflects cough frequency and severity for both the daytime and night-time
(from 0=no cough to 3=serious impact on daily activity or sleep due to cough) (supplementary material).
The cough VAS ranged from 0 (no cough) to 100 mm (the worst cough ever). Individuals were asked to
place a mark perpendicular to the line at a position corresponding to their subjective assessment.

Patients with asthma enrolled based on ASAN (n=425)

Eligible participants (n=310)

At baseline

Multidimensional assessment

Follow-up

Assessment of asthma exacerbation

Younger non-CC group (n=132)

•  <60 years old

Older non-CC group (n=20)

•  ≥60 years old

Older CC group (n=46)

•  ≥60 years old

Younger CC group (n=112)

•  <60 years old

Older CC group

•  Completed (n=41)

•  Lost to follow-up (n=5)

Younger CC group

•  Completed (n=99)

•  Lost to follow-up (n=13)

Older non-CC group

•  Completed (n=18)

•  Lost to follow-up (n=2)

Younger non-CC group

•  Completed (n=121)

•  Lost to follow-up (n=11)

Excluded (n=115)

•  Clinical information not available (n=32)

•  Cough newly appeared at end of 3 months (n=83)

FIGURE 1 Flowchart of study. ASAN: Australasian Severe Asthma Network; CC: chronic cough.
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Definitions of asthma phenotypes
Asthma phenotypes were defined as per our previously published studies [15]. In terms of the
inflammatory phenotypes [24], patients with a sputum proportion <61% neutrophils and ⩾3% eosinophils
were classified as having eosinophilic asthma, those with ⩾61% neutrophils and <3% eosinophils as
having neutrophilic asthma, those with ⩾61% neutrophils and ⩾3% eosinophils as having mixed
granulocytic asthma and those with <61% neutrophils and <3% eosinophils as having paucigranulocytic
asthma. Late-onset asthma was defined as age of asthma onset ⩾12 years [25]. Allergic asthma was
defined as positive skin prick tests and allergy symptoms [26]. Asthma with fixed airflow limitation was
defined as an FEV1/forced vital capacity <70% after inhalation of bronchodilator [27].

Definitions of asthma exacerbations within a following 12-month period
The primary outcome was identified as moderate-to-severe exacerbations during the 12-month follow-up.
Asthma exacerbations were defined based on the ATS/ERS statement [28]. Therefore, a moderate asthma
exacerbation was defined as any increase in rescue bronchodilator use for at least 2 days or any temporary
increase in inhaled corticosteroid (ICS)-formoterol as reliever, or an emergency department visit or an
unscheduled visit while not requiring oral corticosteroids (OCSs) due to asthma symptoms worsening.
A severe asthma exacerbation was defined as worsening of asthma symptoms that led to one of the following:
⩾3 days of OCS treatment or a temporary increase in OCS maintenance dosage, an emergency department
or intensive care unit visit requiring OCS or an asthma-specific hospitalisation. For consistency, courses of
corticosteroids separated by one or more weeks were classified as separate severe exacerbations.

Statistical analysis
Continuous variables are presented as mean±SD or median (interquartile range (IQR)) based on their
distributions. When possible, all continuous data were transformed into a normal distribution. Categorical
variables are presented as n (%). For two-group comparisons, a t-test or Mann–Whitney test was performed
for continuous variables based on their distributions. For four groups, a one-way ANOVA or Kruskal–Wallis
test was performed. A Chi-square test or Fisher’s exact test was used for categorical data, as appropriate.
Bonferroni’s correction was used for multiple comparisons.

Logistic regression models were used to explore the association of CC and age on asthma control at
baseline and exacerbations in the 12-month follow-up, adjusted for sex, body mass index (BMI), smoking,
prebronchodilator FEV1 % predicted, ICS dosage and VAS scores of dyspnoea, wheezing and chest
tightness. The interaction effect of CC and age was assessed through the incorporation of an interaction
term into regression models. Odds ratios (ORs) are used to present the association between CC and age
with asthma control at baseline. Risk ratios are used to present the association between CC and age with
asthma exacerbations in the 12-month follow-up. In addition, we performed a sensitivity analysis by
excluding patients with COPD as one common risk factor for CC. Statistical analysis was performed using
IBM SPSS software (version 26.0; IBM, Armonk, NY, USA). A two-sided p-value <0.05 was considered
statistically significant.

Results
Participant characteristics at baseline
We identified 46 older asthma patients with CC (older CC group), 112 younger asthma patients with CC
(younger CC group), 20 older asthma patients without CC (older non-CC group) and 132 younger asthma
patients without CC (younger non-CC group) (figure 1). CC was significantly more frequent in the older
than younger subjects (69.7% versus 45.9%; p<0.001). The baseline characteristics are summarised in
table 1. A history of smoking was more common in the older CC group than younger CC group. The
proportion of atopy in the older CC group was lower than that in the younger CC group and the older
non-CC group. In addition, the younger CC group had greater airway obstruction than the younger non-CC
group. The older CC group had a higher proportion of COPD than the younger CC group.

Respiratory symptoms and asthma control
The younger CC group had a higher proportion of patients with dyspnoea, wheezing and chest tightness
compared with the younger non-CC group (table 2). Wheezing was more common in the older CC group.
The older CC group had a cough VAS median score of 30.00 mm (IQR 23.75–50.00 mm) and a LCQ
median total score of 19.17 (IQR 15.31–20.35). The younger CC group had a cough VAS median score of
20.00 mm (IQR 10.00–35.00 mm) and a LCQ median total score of 18.57 (IQR 16.70–20.21). In addition,
the older CC group had a lower proportion of controlled asthma and worse asthma quality of life. The
younger CC group had worse asthma control and asthma quality of life than the younger non-CC group.
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TABLE 1 Demographic and clinical characteristics of the included patients with asthma grouped by chronic cough (CC) and age

Variables Older patients Younger patients Adjusted p-values# p-values between
four groups¶

CC Non-CC CC Non-CC Older CC versus
Younger CC

Older non-CC versus
Younger non-CC

Older CC versus
Older non-CC

Younger CC versus
Younger non-CC

Subjects (n) 46 20 112 132
Age (years) 66.0 (62.8, 71.0) 65.0 (62.3, 68.0) 45.0 (32.5, 52.0) 41.0 (33.3, 47.0) <0.001 <0.001 0.999 0.192 <0.001
Female 22 (47.8) 11 (55.0) 80 (71.4) 96 (72.7) 0.020 0.424 0.999 0.999 0.008
BMI (kg·m−2), mean±SD 23.4±3.2 23.3±2.7 22.9±3.5 22.8±3.1 0.999 0.999 0.999 0.999 0.678
Smoking 0.040+ 0.036+ 0.999+ 0.756 <0.001+

Never 26 (56.5) 12 (60.0) 88 (78.6) 115 (87.1)
Former 15 (32.6) 6 (30.0) 14 (12.5) 11 (8.3)
Current 5 (10.9) 2 (10.0) 10 (8.9) 6 (4.5)

Smoking (pack-years) 23.5 (9.5, 39.0) 34.8 (14.7, 44.5) 17.5 (5.9, 29.5) 5.3 (2.1, 6.8) 0.016 <0.001 0.999 0.156 <0.001
Asthma duration (years) 5.5 (2.0, 10.3) 6.0 (3.0, 21.0) 7.0 (3.0, 23.0) 8.0 (3.0, 25.8) 0.999 0.999 0.999 0.999 0.721
Asthma family history 19 (41.3) 7 (35.0) 42 (37.8) 46 (34.8) 0.999 0.999 0.999 0.999 0.874
Atopy 7 (15.9) 11 (55.0) 62 (56.9) 90 (68.2) <0.001 0.980 <0.001 0.280 <0.001
Pre-FEV1 (% predicted) 71.5 (42.5, 88.0) 82.0 (62.8, 95.8) 75.5 (61.5, 91.0) 85.0 (72.0, 94.0) 0.260 0.999 0.328 0.020 0.001
Pre-FEV1/FVC 0.6 (0.5, 0.7) 0.7 (0.6, 0.7) 0.7 (0.6, 0.8) 0.7 (0.7, 0.8) 0.008 0.040 0.364 0.004 <0.001
Comorbidities

Rhinitis 23 (51.1) 6 (30.0) 76 (67.9) 85 (64.4) 0.196 0.012 0.456 0.999 0.005
Eczema 4 (8.9) 4 (20.0) 17 (15.2) 29 (21.9) 0.999 0.999+ 0.952+ 0.708 0.200+

Nasal polyps 3 (6.7) 3 (15.0) 22 (19.6) 10 (7.6) 0.180 0.999+ 0.999+ 0.020 0.020+

GORD 6 (13.3) 3 (15.0) 6 (5.4) 5 (3.8) 0.416+ 0.284+ 0.999+ 0.999 0.042+

COPD 14 (30.4) 6 (30.0) 12 (10.7) 3 (2.3) 0.008 <0.001+ 0.999 0.024 <0.001+

Bronchiectasis 5 (11.1) 0 (0) 12 (10.7) 4 (3.0) 0.999+ 0.999+ 0.999+ 0.064 0.034+

Anxiety 0 (0) 0 (0) 8 (7.1) 3 (2.3) 0.424+ 0.999+ NA 0.272 0.103+

Depression 0 (0) 0 (0) 9 (8.0) 3 (2.3) 0.240+ 0.999+ NA 0.152 0.050+

Osteoporosis 6 (13.3) 3 (15.0) 3 (2.7) 4 (3.0) 0.068+ 0.196+ 0.999+ 0.999+ 0.007+

Diabetes 2 (4.4) 2 (10.0) 1 (0.9) 1 (0.8) 0.792+ 0.184+ 0.999+ 0.999+ 0.027+

Medications
ICS/LABA 45 (97.8) 20 (100.0) 111 (99.1) 131 (99.2) 0.999+ 0.999+ 0.999+ 0.999+ 0.636+

ICS dosage (BDP, μg·day−1) 600 (400, 1000) 400 (400, 1000) 400 (400, 800) 400 (400, 1000) 0.164 0.999 0.999 0.999 0.254
LTRA 32 (69.6) 14 (70.0) 98 (87.5) 107 (81.1) 0.028 0.988+ 0.999 0.684 0.032+

LAMA 3 (6.5) 0 (0) 1 (0.9) 2 (1.5) 0.300+ 0.999+ 0.999+ 0.999+ 0.168+

Theophylline 4 (8.7) 1 (5.0) 8 (7.1) 5 (3.8) 0.999+ 0.999+ 0.999+ 0.980 0.452+

GINA treatment steps 1 and 2/3/4/5 (n) 0/23/12/11 0/12/6/2 2/76/16/18 2/83/24/23 0.408+ 0.999+ 0.999+ 0.999+ 0.419
Exacerbation in past year

Moderate-to-severe exacerbation 22 (47.8) 7 (35.0) 60 (53.6) 61 (46.2) 0.999 0.999 0.999 0.999 0.408
Severe exacerbation 15 (32.6) 5 (25.0) 31 (27.7) 27 (20.5) 0.999 0.999+ 0.999 0.748 0.350
Unscheduled visit 13 (28.3) 2 (10.0) 41 (36.6) 47 (35.9) 0.999 0.084 0.496+ 0.999 0.096
Emergency department visit 6 (13.0) 2 (10.0) 11 (9.8) 16 (12.2) 0.999+ 0.999+ 0.999+ 0.999 0.928+

Hospitalisation 1 (2.2) 0 (0) 6 (5.4) 1 (0.8) 0.999+ 0.999+ 0.999+ 0.200+ 0.143+

Data are presented as median (Q1, Q3) or n (%), unless otherwise indicated. Bold text indicates statistically significant differences. BMI: body mass index; pre: prebronchodilator; FEV1: forced
expiratory volume in 1 s; FVC: forced vital capacity; GORD: gastro-oesophageal reflux disease; ICS: inhaled corticosteroid; LABA: long-acting β2-agonist; BDP: beclomethasone dipropionate; LTRA:
leukotriene receptor antagonist; LAMA: long-acting muscarinic antagonist; GINA: Global Initiative for Asthma; NA: not available. #: adjusted p-values from t-test, Mann–Whitney U test, Chi-square
test and Fisher’s exact test; ¶: p-values from Kruskal–Wallis test; +: p-values from Fisher’s exact test.
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Inflammatory biomarkers in induced sputum and blood
Inflammatory biomarkers in induced sputum and blood are summarised in table 3. The absolute number
and percentage of sputum neutrophil counts were significantly elevated in the older CC group compared
with the younger non-CC group. The level of IgE was significantly decreased in the older CC group
compared with the younger non-CC group.

Asthma phenotypes
A greater proportion of neutrophilic asthma was found in the older CC group compared with the younger
non-CC group, whereas a lower proportion of allergic asthma phenotype occurred in the older CC group
(supplementary table S3). Furthermore, a higher proportion of fixed airflow limitation asthma was
observed in the older CC group compared with the younger CC group.

Association between CC and age with asthma control at baseline
The logistic regression model indicated CC was independently associated with poor asthma control
(adjusted OR 7.21, 95% CI 1.32–39.39, p=0.023) (figure 2). In addition, no significant interaction was
observed between CC and age in relationship to poor asthma control at baseline.

Exacerbations in the following 12 months
A total of 89.1% of the older CC patients (n=41), 90.0% of the older non-CC patients (n=18), 88.4% of
the younger CC patients (n=99) and 91.7% of the younger non-CC patients (n=121) completed the
12-month follow-up (supplementary table S4). A greater proportion of moderate-to-severe asthma
exacerbations was observed in the older CC group compared with the older non-CC group within the
12-month follow-up (60.98% versus 22.22%, p=0.037). Unadjusted logistic regression models indicated
that older patients with asthma were at higher risk for moderate-to-severe exacerbations (risk ratio 1.86,
95% CI 1.32–2.41, p=0.001) and unscheduled visits (risk ratio 1.92, 95% CI 1.18–2.83, p=0.01) than
younger patients with asthma. Patients with CC were at higher risk for moderate-to-severe exacerbations
(risk ratio 2.09, 95% CI 1.48–2.75, p<0.001) and unscheduled visits (risk ratio 2.28, 95% CI 1.40–3.43,
p=0.001) than patients without CC.

In the adjusted exacerbation analyses, older patients with asthma were at higher risk for moderate-to-severe
exacerbations (adjusted risk ratio 1.67, 95% CI 1.07–2.32, p=0.026) than younger patients with asthma.

TABLE 2 Respiratory symptoms and asthma control in patients grouped by chronic cough (CC) and age

Variables Older CC Older non-CC Younger CC Younger non-CC H/U/χ2 p-value

Subjects (n) 46 20 112 132
Dyspnoea 28 (60.9)# 7 (35.0) 59 (52.7)# 32 (24.2) 29.507 <0.001
Wheezing 24 (52.2)#,+ 3 (15.0) 51 (45.5)# 23 (17.4) 33.216 <0.001
Chest tightness 18 (39.1) 2 (10.0)¶ 62 (55.4)# 36 (27.3) 27.431 <0.001
Dyspnoea VAS score 10 (0, 42.5)# 0 (0, 17.5) 5 (0, 25)# 0 (0, 0) 33.830 <0.001§

Wheezing VAS score 7.5 (0, 40)#,+ 0 (0, 0) 0 (0, 13.75)# 0 (0, 0) 37.376 <0.001§

Chest tightness VAS score 0 (0, 22.5) 0 (0, 0)¶ 7.5 (0, 20)# 0 (0, 8.75) 27.616 <0.001§

Cough VAS score 30 (23.75, 50) NA 20 (10, 35) NA 1724 0.001ƒ

Daytime cough symptom score 1 (1, 1.25) 0 (0, 0) 1 (1, 1) 0 (0, 0) 2236.5 0.073ƒ

Night-time cough symptom score 1 (1, 2) 0 (0, 0) 1 (0, 1) 0 (0, 0) 1953.5 0.008ƒ

LCQ
Physical domain 5.9 (4.9, 6.6) NA 6.0 (5.4, 6.5) NA 2680.5 0.622ƒ

Psychological domain 6.5 (5.4, 7.0) NA 6.3 (5.4, 7.0) NA 2524 0.910ƒ

Social domain 6.6 (5.2, 7.0) NA 6.5 (5.3, 7.0) NA 2447.5 0.676ƒ

Total score 19.2 (15.3, 20.4) NA 18.6 (16.7, 20.2) NA 2551 0.994ƒ

ACQ score 0.8 (0.3, 1.7)#,¶,+ 0.1 (0.0, 0.5) 0.3 (0.0, 0.8)# 0.0 (0.0, 0.2) 60.493 <0.001§

Asthma control by ACQ score 44.414 <0.001##

Controlled 22 (47.8)#,¶,+ 17 (85.0) 82 (73.2)# 122 (92.4)
Somewhat controlled 12 (26.1)# 2 (10.0) 15 (13.4) 8 (6.1)
Poorly controlled 12 (26.1)# 1 (5.0) 15 (13.4)# 2 (1.5)

AQLQ score 6.0 (5.2, 6.5)#,+ 6.7 (6.3, 7.0)¶ 6.2 (5.6, 6.5)# 6.6 (6.3, 6.9) 62.200 <0.001§

Data are presented as median (Q1, Q3) or n (%), unless otherwise indicated. Bold text indicates statistically significant differences. VAS: visual
analogue scale; LCQ: Leicester Cough Questionnaire; ACQ: Asthma Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire; NA: not
available. #: p<0.05 versus Younger non-CC group; ¶: p<0.05 versus Younger CC group; +: p<0.05 versus Older non-CC group; §: Kruskal–Wallis test;
ƒ: Mann–Whitney U test; ##: Fisher’s exact test.
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CC was associated with higher risk for moderate-to-severe exacerbations (adjusted risk ratio 1.60, 95% CI
1.04–2.29, p=0.033) and unscheduled medical visits (adjusted risk ratio 2.02, 95% CI 1.17–3.21, p=0.013)
(figure 2). The older CC group was at higher risk for moderate-to-severe exacerbations (adjusted risk ratio
2.67, 95% CI 1.62–3.66, p=0.001) and unscheduled medical visits (adjusted risk ratio 3.44, 95% CI 1.78–5.42,
p=0.001) than the younger non-CC group in the adjusted exacerbation analyses. Furthermore, interaction
effects of CC and age on risk of future moderate-to-severe exacerbations (adjusted risk ratio 2.36,
95% CI 1.47–3.30, p=0.001) and unscheduled visits (adjusted risk ratio 2.52, 95% CI 1.36–4.11, p=0.004)
were observed.

In the sensitivity analysis excluding patients with COPD, the interaction effects of CC and age were
associated with higher risk of future moderate-to-severe exacerbations (adjusted risk ratio 2.15, 95% CI
1.20–3.21, p=0.013) and unscheduled visits (adjusted risk ratio 2.16, 95% CI 1.01–3.95, p=0.048).

Discussion
To the best of our knowledge, this is the first prospective cohort study to explore the characteristics of
older adult patients with asthma and CC. We found that older asthma patients with CC had worse clinical
outcomes, as indicated by increased respiratory symptoms, worse asthma control, poorer asthma-related
quality of life and increased airway obstruction, compared to younger asthma patients without CC. CC is
an independent signature associated with poor asthma control and future asthma exacerbations.
Furthermore, interaction effects of CC and age on the increased risk of future exacerbations were observed.
These findings suggest that CC is associated with asthma severity and prognosis, and that more attention
should be paid to cough in the management of older patients with asthma.

This interaction effect between CC and ageing on future asthma exacerbations could be explained by
several factors involved in inflammation. First, the older participants with CC had significantly increased
either type 2 (T2) or non-T2 inflammation (i.e. eosinophils and neutrophils in induced sputum), which
resulted in more respiratory symptoms that required an elevated ICS dose, although this difference did not
reach statistical significance when comparing ICS dosage equivalent between the four groups. Second,
airway eosinophilia can increase neuronal sensitivity, which enhances the cough reflex, leading to

TABLE 3 Airway and systemic inflammation in patients grouped by chronic cough (CC) and age

Variables Older CC Older non-CC Younger CC Younger non-CC H/F p-value#

Induced sputum, n 34 14 80 102
Total cell count (106·mL−1) 3.56 (2.33, 6.55)¶,+ 2.49 (2.19, 4.71) 2.43 (1.38, 4.07) 2.19 (1.35, 3.2) 12.656 0.005
Eosinophils (106·mL−1) 1.20 (0.14, 7.02) 0.00 (0.00, 1.18) 0.81 (0.00, 15.06) 0.00 (0.00, 5.81) 8.153 0.043
Eosinophils (%) 0.50 (0.19, 1.38) 0.00 (0.00, 0.25) 0.38 (0.00, 5.13) 0.00 (0.00, 2.56) 7.033 0.071
Neutrophils (106·mL−1) 182.07 (42.56, 361.42)¶ 105.23 (28.52, 409.87) 68.10 (24.46, 169.68) 48.51 (17.01, 133.13) 11.426 0.01
Neutrophils (%) 52.13 (22.38, 77.75)¶ 43.25 (10.85, 82.94) 36.25 (13.00, 64.16) 26.42 (9.81, 50.07) 11.704 0.008
Macrophages (106·mL−1) 119.12 (27.10, 180.83) 116.49 (50.95, 210.31) 92.01 (49.95, 164.35) 124.38 (71.46, 195.91) 3.948 0.267
Macrophages (%) 36.39 (10.88, 63.13)¶ 55.50 (16.69, 81.96) 48.59 (20.69, 78.54) 70.50 (42.98, 87.31) 18.382 <0.001
Lymphocytes (106·mL−1) 1.44 (0.00, 3.13) 1.42 (0.00, 3.28) 1.29 (0.36, 4.66) 1.05 (0.24, 2.76) 1.276 0.735
Lymphocytes (%) 0.38 (0.00, 0.81) 0.38 (0.00, 1.56) 0.50 (0.25, 1.67) 0.50 (0.25, 1.00) 2.228 0.527

Blood, n 46 20 110 131
IgE (IU·mL−1) 54.70 (18.05, 159.75)¶ 73.15 (27.71, 286.75) 123.50 (49.95, 245.25) 129.50 (46.00, 314.50) 11.416 0.003
White blood cells (109·L−1) 5.70 (5.00, 7.01) 5.46 (4.82, 6.46) 5.65 (4.56, 6.66) 5.68 (4.68, 6.75) 1.525 0.676
Eosinophils (109·L−1) 0.16 (0.09, 0.30) 0.17 (0.09, 0.31) 0.21 (0.11, 0.31) 0.17 (0.11, 0.30) 3.289 0.349
Eosinophils (%) 2.71 (1.50, 4.90) 3.27 (1.36, 5.69) 3.49 (2.12, 5.62) 3.13 (1.83, 4.93) 3.748 0.290
Neutrophils (109·L−1) 3.60 (3.08, 4.35) 3.26 (2.66, 3.91) 3.42 (2.70, 4.37) 3.37 (2.63, 4.46) 2.128 0.546
Neutrophils (%) 63.90 (56.01, 68.31) 59.77 (56.21, 65.06) 61.29 (55.74, 68.29) 60.44 (54.06, 66.52) 2.954 0.399
Basophils (109·L−1) 0.03 (0.02, 0.05) 0.03 (0.01, 0.04) 0.03 (0.02, 0.05) 0.03 (0.02, 0.05) 3.915 0.271
Basophils (%) 0.57 (0.42, 0.87) 0.52 (0.27, 0.67) 0.59 (0.40, 0.78) 0.60 (0.40, 0.97) 3.208 0.361
Monocytes (109·L−1) 0.42 (0.32, 0.50)¶,+ 0.39 (0.31, 0.47) 0.32 (0.26, 0.41) 0.33 (0.26, 0.43) 16.019 0.001
Monocytes (%) 6.88 (5.70, 7.92)¶,+ 7.01 (6.46, 8.09)¶,+ 5.95 (4.78, 7.23) 6.02 (5.04, 7.13) 17.680 0.001
Lymphocytes (109·L−1) 1.46 (1.11, 1.86) 1.48 (1.24, 1.68) 1.56 (1.21, 1.82) 1.58 (1.32, 1.94) 3.528 0.317
Lymphocytes (%) 26.09±7.25 27.92±6.35 27.23±7.29 28.93±8.25 1.894 0.131

Data are presented as median (Q1, Q3) or n (%), unless otherwise indicated. Bold text indicates statistically significant differences. #: p-values
comparing four groups are from Kruskal–Wallis test and one-way ANOVA; ¶: p<0.05 versus Younger non-CC group; +: p<0.05 versus Younger CC group.

https://doi.org/10.1183/23120541.00461-2023 7

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | F.D. JIN ET AL.



increased symptom of cough [29]. Third, non-T2 inflammation, such as increased neutrophils, in the older
CC group is associated with cough. Interferon-γ (IFN-γ), a non-T2 biomarker, has recently been found to
enhance cough reflex sensitivity by inducing calcium influx and it is associated with increased cough in
patients with chronic refractory cough [30, 31]. We found an increased level of sputum IFN-γ in older
patients with asthma in our recently published study [27]. Increased non-T2 inflammation, i.e. neutrophils
and IFN-γ, are associated with reduced response to ICS [32]. Accordingly, cough is a complex airway
neuronal reflex in patients with asthma, yet little is known about the underlying neuronal and inflammation
mechanisms, which need to be explored in future studies [33].

Asthma in the older population might represent a different phenotype of asthma, which is more complex
owing to comorbidities and age-related changes [27]. In this study, older asthma patients with CC had
worse asthma control and quality of life than those without CC, indicated that CC is associated with adverse
clinical outcomes. Furthermore, CC has been recognised as a separate heterogeneous entity [34, 35].
Asthmatic cough is a common cough phenotype identified as a cough-related treatable trait [34]. This
phenotype can respond to anti-inflammatory asthma therapy; therefore, therapy containing ICS is
considered as first-line therapy for this condition. However, multidimensional assessment is critical for the
management of CC in patients with asthma because of the overlapping cough-related traits such as COPD
and gastro-oesophageal reflux disease indicated in this study, especially in the older patients. Additionally,
a higher prevalence of chronic rhinosinusitis and hypertension associated with cough is also found in older
asthma patients [2]. Patients with asthma and these comorbidities often have additional symptoms, such as
heartburn, regurgitation and nasal congestion, and have poor health outcomes [3]. Early recognition of
these cough-related traits is helpful for trait-specific therapy. Additionally, patients who have persistent
cough despite optimal treatment of cough-related conditions can be classified as having chronic refractory
cough, for which neuromodulatory therapies such as gabapentin and pregabalin can be useful [36].

Age#

 Older versus Younger

Chronic cough¶

 CC versus non-CC

Combined age and CC+

 Younger non-CC

 Younger CC

 Older non-CC

 Older CC

Interaction effect

0.79 (0.22–2.84)

7.21 (1.32–39.39)

1.00 (reference)

7.41 (1.08–51.04)

0.86 (0.02–40.36)

5.82 (0.71–47.97)

1.41 (0.40–5.00)

0.717

0.023

–

0.042

0.940

0.102

0.592

01 15105 25

a) Poorly controlled asthma aOR (95% CI) p-value

20

Age#

 Older versus Younger

Chronic cough¶

 CC versus non-CC

Combined age and CC+

 Younger non-CC

 Younger CC

 Older non-CC

 Older CC

Interaction effect

1.80 (1.03–2.83)

2.02 (1.17–3.21)

1.00 (reference)

1.90 (1.01–3.25)

1.56 (0.44–4.09)

3.44 (1.78–5.42)

2.52 (1.36–4.11)

0.042

0.013

–

0.046

0.473

0.001

0.004

0 321 5

b) Unscheduled visit aRR (95% CI) p-value

4

Age#

 Older versus Younger

Chronic cough¶

 CC versus non-CC

Combined age and CC+

 Younger non-CC

 Younger CC

 Older non-CC

 Older CC

Interaction effect

1.67 (1.07–2.32)

1.60 (1.04–2.29)

1.00 (reference)

1.42 (0.85–2.16)

1.12 (0.37–2.55)

2.67 (1.62–3.66)

2.36 (1.47–3.30)

0.026

0.033

–

0.170

0.823

0.001

0.001

0 321 5

c) Moderate-to-severe asthma exacerbations aRR (95% CI) p-value

4

Age#

 Older versus Younger

Chronic cough¶

 CC versus non-CC

Combined age and CC+

 Younger non-CC

 Younger CC

 Older non-CC

 Older CC

Interaction effect

1.37 (0.59–2.86)

1.31 (0.61–2.64)

1.00 (reference)

0.93 (0.38–2.05)

NA§

1.89 (0.72–4.14)

NAƒ

0.454

0.480

–

0.853

NA§

0.186

NAƒ

0 321 5

d) Severe asthma exacerbation aRR (95% CI) p-value

4

FIGURE 2 Associations of chronic cough (CC) and age with a) poorly controlled asthma at baseline, b) unscheduled visits in the 12-month follow-up,
c) moderate-to-severe asthma in the 12-month follow-up and d) severe asthma exacerbation in the 12-month follow-up. Poorly controlled asthma
defined as Asthma Control Questionnaire score ⩾1.5. Bold text indicates statistically significant results. aOR: adjusted odds ratio; aRR: adjusted risk
ratio; NA: not available. #: adjusted for CC, sex, body mass index (BMI), smoking, prebronchodilator forced expiratory volume in 1 s (pre-FEV1)
% predicted, inhaled corticosteroid (ICS) dosage and visual analogue scale (VAS) scores of dyspnoea, wheezing and chest tightness; ¶: adjusted for
age, sex, BMI, smoking, pre-FEV1 % predicted, ICS dosage and VAS scores of dyspnoea, wheezing and chest tightness; +: adjusted for sex, BMI,
smoking, pre-FEV1 % predicted, ICS dosage and VAS scores of dyspnoea, wheezing and chest tightness; §: no patients experienced future severe
exacerbation in the older non-CC group; ƒ: the interaction effect for future severe exacerbation was not calculated.
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In this observational study, increased sputum eosinophilic inflammation was found in the CC group
compared with the non-CC group. Our recently published study found that asthma patients with CC had
elevated airway inflammation [14]. But MARSDEN et al. [37] found no significant correlation between
objective cough frequency and sputum eosinophils in a group of patients with asthma. These contradictory
findings could be at least explained by a cross-sectional design. Recently, a crossover randomised
controlled study by SATIA et al. [29] directly investigated the effects of inducing airway inflammation on
cough, and compared cough responses to inhaled capsaicin in patients with mild steroid-naive atopic
asthma during and 24 h after inhaled allergen challenge compared with diluent control. They found that
allergen-induced airway eosinophilia led to increased cough reflex sensitivity associated with an increase in
24-h spontaneous coughing. In addition, eosinophils were found to be associated with increased cough
reflex sensitivity in an animal model in published studies [38]. These findings indicate that airway
eosinophilic inflammation is important in the pathogenesis of cough. Anti-inflammatory therapy is crucial
in the management of patients with asthmatic cough, because some patients improved after 3 months of
anti-asthma therapy in this study.

Our study had several limitations that need to be considered. First, cough is an important symptom
associated with asthma severity. However, we did not measure objective cough frequency. It remains
unclear how cough frequency is associated with future asthma exacerbations. Second, the cut-off age of
60 years for defining an older population may be controversial because the cut-off ages vary across
different countries, guidelines or laws [1, 39, 40]. However, we performed additional analyses using ages
65 or 70 years as cut-offs and splitting ages into decile groups, and these did not change the findings from
the main analysis. Additionally, CC might be due to multiple reasons: we did not validate these potential
components. Finally, we did not reassess the cough symptoms in the 1-year follow-up, which might be
useful to understand the clinical prognosis.

Conclusion
Older adult asthma patients with CC exhibited poor asthma control and quality of life, increased airway
obstruction and more frequent moderate-to-severe exacerbations. Furthermore, interaction effects between
CC and ageing on the future risk of asthma exacerbations were identified, indicating that assessment of
cough in older adult patients cannot be neglected.
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