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Introduction
Chronic cough (CC), defined as a cough lasting 
longer than 8 weeks,1 is a frequent condition in 
general practitioners’ and respiratory specialists’ 
clinics. It could cause severe impairment of 

quality of life, limitation of activities, and 
depression.2

Cough hypersensitivity is an important part of the 
neurophysiology of cough, presented with 
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Abstract
Background: Cough hypersensitivity is an important part of the neurophysiology of cough, 
which presents with increased cough response to a lower level of stimuli or triggers. 
Classification of stimuli might bring about additional insight into the underlying mechanisms 
and management.
Objectives: This study investigated the profile of cough triggers in chronic cough patients and 
their relationship with capsaicin cough sensitivity.
Design: This was a cross-sectional observational study.
Methods: We enrolled patients with different causes of chronic cough from 2006 to 2021. 
Cough triggers were defined as cough response to chemical triggers, mechanical triggers, 
meal triggers, or thermal trigger. Cough sensitivity to capsaicin was evaluated by the 
capsaicin challenge test, which was expressed as the lowest concentration of capsaicin 
inducing 5 or more coughing (C5).
Results: Among 1211 patients with chronic cough, 1107 (91.4%) patients reported at least one 
cough trigger. Chemical triggers (66.9%) were the most common cough triggers, followed by 
thermal exposure (50.6%), mechanical triggers (48.2%), and meal triggers (21.2%). There was 
no difference in the proportion of chemical triggers among different etiologies. Patients with 
refractory chronic cough reported the highest prevalence of cough triggers (97.1%). A higher 
number of meal triggers (34.9%) was associated with gastroesophageal reflux-related cough, 
and meal triggers and mechanical triggers were more common in refractory chronic cough. 
Among 254 patients who completed capsaicin challenge test, both the number of total triggers 
and the number of chemical triggers had a significant but mild correlation with capsaicin 
cough sensitivity.
Conclusion: Cough hypersensitivity as reflected by a variety of cough triggers is a common 
feature in chronic cough patients, but different etiologies present specific profiles of cough 
triggers, which could not be evaluated comprehensively by capsaicin cough sensitivity.
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enhanced cough in response to endogenous and 
exogenous stimuli. This heightened cough sensi-
tivity was observed in both pulmonary and 
extrapulmonary conditions.2 To assess the sensi-
tivity of the cough, challenges with inhaled cough-
provoking stimuli such as capsaicin, citric acid, or 
allyl isothiocyanate are exploited,3–5 among which 
capsaicin is the most widely used chemical but 
has its limitations. Although the average sensitiv-
ity to capsaicin is increased in CC than in healthy 
control, there is substantial overlap in the data 
distributions between these two groups.6 What’s 
more, capsaicin is a selective agonist of transient 
receptor potential vanilloid 1 (TRPV1) while 
cough hypersensitivity is associated with central 
and/or peripheral hypersensitivity,2 which 
deprives capsaicin challenge test of reflecting 
completely the cough sensitivity. Thus, additional 
tools to assess cough sensitivity are needed.

It has been widely accepted that an exaggerated 
cough response to daily cough triggers is another 
sign of cough hypersensitivity. Previous studies 
found that cough hypersensitivity among differ-
ent causes seems to be slightly different, indicated 
by various responsiveness to stimuli. Cough 
response to ‘cold air’ is associated with a diagno-
sis of asthma,7,8 and unexplained CC presents a 
higher number of positive responses to cough 
triggers.9 Nonetheless, these results were derived 
from studies with either inaccurate diagnoses 
based on symptoms or small sample sizes. 
Therefore, a comprehensive description of cough 
response to cough triggers in CC patients with 
different etiologies is necessary.

Recently, cough hypersensitivity syndrome has 
been redefined as a disorder characterized by trou-
blesome coughing that is often triggered by low lev-
els of thermal, mechanical, or chemical exposure.2 
A classification of cough triggers can bring about 
additional insight into the underlying mechanisms 
and different types of management. However, the 
definition of different kinds of exposure hasn’t been 
well defined. In addition, the whole picture of 
cough hypersensitivity to this newly defined classi-
fication of exposure is still poorly understood and 
warrants validation in different populations.

Therefore, the present study is aimed to investi-
gate the profile of classified triggers in different 
causes of CC. Besides, we explore the association 
between cough sensitivity to cough triggers and 
capsaicin.

Methods
This was a cross-sectional observational study. 
We recruited the consecutive and unselected CC 
patients who underwent full investigations and 
treatment at the First Affiliated Hospital of 
Guangzhou Medical University from 2006 to 
2021 in this study. All these patients with CC had 
undergone thorough diagnostic and treatment 
workflow as previously described.1,10,11 A stand-
ard questionnaire was used to record demograph-
ics, clinical features, cough triggers, laboratory 
results, response to therapy, follow-up, and final 
diagnosis for CC patients. The inclusion criteria 
were as follows: (1) aged 14 years or more; (2) 
cough as the sole or predominant symptom last-
ing for at least 8 weeks; and (3) without overt 
identifiable abnormalities on chest X-ray. Patients 
were excluded under the following conditions: (1) 
without full investigations or loss of follow-up to 
make a definite diagnosis; and (2) incomplete 
record of cough triggers.

Cough triggers were classified as chemical trig-
gers, mechanical triggers, thermal trigger, and 
meal triggers. The definitions of different kinds 
of triggers are displayed in Table 1. Chemical 
triggers were a range of irritant environmental 
chemicals that could cause inflammation or tis-
sue damage, including dust, cigarette smoke, 
and cooking fumes. Mechanical triggers were 
defined as factors associated with a change of 
tension of the larynx or intrathoracic pressure, 
including talking, exercise, and supine position. 
Thermal trigger in this study was recorded if 
cough was induced by cold air. Cough that 
occurs during meals, within 2 h after meals, or 
after drinking alcohol was defined as the response 
to meal triggers.

Cough reflex sensitivity to capsaicin was tested in a 
subset of patients. These subjects were participants 
in one of our previous studies investigating the phe-
notypes of cough hypersensitivity (ClinicallTrials.
gov NCTO2591550).12 Participants exhaled to 
functional residual capacity and then inhaled 
through the mouthpiece for 1 s. Each participant 
inhaled capsaicin solution of increasing concentra-
tions by a single breath in the dosimeter method at 
1-minute intervals. Record the frequency of coughs 
during the first 30 seconds after inhalation. The 
lowest concentrations of capsaicin that evoked two 
(C2) or five (C5) coughs were recorded. Cough 
hypersensitivity to capsaicin was suggested when 
C5 was 62.5 μmol/L or less.
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The reporting of this study conforms to the 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement.13

Statistical analyses
Sample size and power were determined by power 
analysis using PASS (version 15.0, NCSS, LLC.). 
Data were expressed as frequency (percentage) or 
median (interquartile range). Shapiro–Wilk test 
was used to evaluate the normality. Statistical 
comparisons between groups were performed 
with one-way ANOVA for normally distributed 
data, Kruskal–Wallis tests for skewed data, and χ2 
tests or Fisher exact tests for proportions data, 
followed by post hoc tests with Bonferroni correc-
tion for multiple comparisons. A logistic regres-
sion test was used to identify triggers associated 
with the corresponding diagnosis. Variables 
whose p-value <0.1 in univariable models were 
put into the multivariable model. Multiple logis-
tic regression analysis was conducted with the 
method of enter. The Spearman rank correlation 
test was performed to assess the correlation 
between the number of cough triggers and capsai-
cin cough sensitivity. Data were analyzed with 
SPSS Statistics version 25.0 (IBM Corp, Armonk, 
NY, USA) and R programming language.

Results

Clinical features of patients
A total of 1211 patients were enrolled in the 
study. The demographic characteristics are shown 
in Table 2. The median age of all patients was 

40.0 (IQR 31.0–52.0) years. The number of 
females (644, 53.2%) was roughly equal to that of 
males (567, 46.8%). The median course of the 
disease was 24.0 (IQR 9.3–82.5) months. Among 
the 1211 patients, 240 (19.8%) were diagnosed 
as asthma, 277 (22.9%) as EB, 90 (7.4%) as 
upper airway cough syndrome (UACS), 189 
(15.6%) as gastroesophageal reflex-related cough 
(GERC), 71 (5.9%) as atopic cough (AC), 206 
(17.0%) as RCC, and 138 (11.4%) as other 
causes. Pharyngeal symptoms were observed in 
most subjects (85.2%), including tickle in the 
throat (47.2%), frequent throat clearing (36.3%), 
pharyngeal foreign body sensation (28.1%), tickle 
below the throat (26.7%), and mucus adhesion to 
the throat (24.1%).

The prevalence of cough triggers in different 
causes of CC
The prevalence of cough triggers in all patients 
and different causes of CC are shown in Table 2, 
Figures 1, and 2. A total of 1107 (91.4%) patients 
reported at least one cough trigger. Regarding the 
specific triggers, the most common cough triggers 
were cold air (50.6%), cooking fumes (47.5%), 
cigarette smoke (44.8%), and dust (39.1%). The 
least common trigger in this study was alcohol, 
with 4.6% of patients coughing after they drank 
alcohol (Figure 1). When cough triggers were cat-
egorized as chemical, mechanical, meal, and ther-
mal triggers, chemical triggers were the most 
frequent triggers for cough, occurring in 66.9% of 
participants, followed by thermal exposure 
(50.6%), mechanical triggers (48.2%), and meal 
triggers (21.2%).

Table 1.  The definition of different kinds of cough triggers.

Variables Definition Cough triggers

Chemical triggers A range of irritant environmental 
chemicals and mediators that 
could cause inflammation or tissue 
damage

Dust, cigarette smoke, cooking fumes

Mechanical triggers Factors associated with change of 
tension of larynx or intrathoracic 
pressure

Talking, exercise, supine position

Thermal trigger Factors relating to temperature Cold air

Meal triggers Factors relating to eating or 
drinking alcohol

Cough during meals, cough within 2 h 
after meals, cough after drinking alcohol

https://journals.sagepub.com/home/tar
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Figure 1.  Proportion of triggers in patients with chronic cough.

Figure 2.  The proportion of hypersensitivity to different triggers in chronic cough patients. (a) at least one 
triggers; (b) chemical triggers; (c) mechanical triggers; (d) thermal trigger; (e) meal triggers.
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The prevalence of cough triggers was highest 
among subjects with RCC (200, 97.1%), fol-
lowed by patients with UACS (85, 94.4%) and 
GERC (176, 93.1%). Mechanical triggers (110, 
58.2%) and meal triggers (66, 34.9%) were most 
reported in GERC patients, followed by RCC, 
with the second highest prevalence of mechanical 
triggers (113, 54.9%), and meal triggers (63, 
30.6%). There was no significant difference 
among different causes of CC in terms of chemi-
cal triggers and thermal trigger (Table 2).

The univariate logistic regression analysis investi-
gating cough triggers as risk factors of different 
causes of CC are shown in Supplemental Table 
S1. Multivariate analysis showed that a higher 
number of meal triggers was positively associated 
with GERC (OR: 1.770, 95% CI: 1.340–2.330, 
p < 0.001) and RCC (OR: 1.480, 95% CI: 1.120–
1.960, p = 0.005) but negatively associated with a 
diagnosis of asthma (OR: 0.620, 95% CI: 0.430–
0.890, p = 0.010) and EB (OR: 0.570, 95% CI: 
0.410–0.800, p = 0.001), corrected by age and 
sex. In addition, RCC patients presented with 
higher sensitivity to mechanical triggers (OR: 
1.230, 95% CI: 1.030–1.480, p = 0.022) in multi-
variate analysis (Tables 3 and 4 and Supplemental 
Tables S2 and S3).

Demographic profiles of cough triggers in CC
As is shown in Figure 3, chemical triggers (83.4% 
versus 75.0%; p < 0.001) and thermal trigger 
(55.9% versus 47.3%; p = 0.003) were reported 
more frequently in females than in males. Cough 
associated with meals was more common in males 

than in females (25.4% versus 17.5%; p = 0.001). 
Both the proportions of all triggers and mechani-
cal triggers showed no significant sex difference 
(p > 0.05). The prevalence of cough triggers in 
different age groups is presented in Supplemental 
Figure S1. Age was dichotomized as younger than 
50 years versus older than 50 years according to 
the obvious difference in the prevalence of spe-
cific kinds of cough triggers in these two groups. 
In terms of age, patients older than 50 years were 
more sensitive to chemical triggers (83.9% versus 
77.8%; p = 0.022) but less sensitive to meal trig-
gers (16.4% versus 23.0%; p = 0.014) than those 
younger than 50 years (Figure 3).

Association between cough triggers and 
capsaicin cough sensitivity
Among the 235 patients who completed the cap-
saicin cough challenge test with a single cause of 
cough, 128 (54.5%) reached C5, exhibiting hyper-
sensitivity to capsaicin. No significant difference 
was observed in cough sensitivity (log C5 value) 
between patients with CC of different causes 
(Table 2). As shown in Supplemental Table S4, 
female patients showed higher cough sensitivity to 
capsaicin than male patients (64.1% versus 35.9%, 
p < 0.001), and patients with heightened cough 
sensitivity to capsaicin had older age (p = 0.044). 
Among the 254 patients who completed capsaicin 
cough challenge test with either single or multiple 
causes of cough, both the number of all triggers 
(ρ = −0.201, p = 0.001) and the number of chemi-
cal triggers (ρ = −0.263, p < 0.001) had a signifi-
cant but low correlation with capsaicin cough 
sensitivity, whereas the number of mechanical 

Table 3.  Univariate and multivariable logistic regression analysis of triggers for GERC.

Univariable analysis Multivariable analysis

Characteristics OR 95% CI p OR 95% CI p

Sex 0.660 0.483–0.902 0.009 0.730 0.530–1.010 0.054

Age 0.986 0.975–0.999 0.028 0.990 0.980–1.000 0.182

Number of chemical triggers 1.068 0.933–1.223 0.341 – – –

Number of mechanical triggers 1.159 0.964–1.393 0.117 – – –

Number of meal triggers 1.870 1.427–2.450 <0.001 1.770 1.340–2.330 <0.001

Thermal trigger-Cold air 0.935 0.686–1.276 0.672 – – –

CI, confidence interval; GERC, gastroesophageal reflex-related cough; OR, odds ratio.
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triggers (ρ = −0.045, p = 0.475) was not associated 
with capsaicin cough sensitivity (Figure 4). In 
addition, patients with at least one trigger showed 
significantly lower logC5 (1.8 versus 2.4; 
p = 0.049), indicating higher cough sensitivity 
(Supplemental Table S5). In the analysis of the 
correlation between specific triggers and capsaicin 
cough sensitivity, dust (ρ = −0.213, p = 0.001), 
cooking fume (ρ = −0.177, p = 0.005) cigarette 
smoke (ρ = −0.207, p = 0.001) were associated 
with increased LogC5, while other triggers were 
not associated with capsaicin cough sensitivity 
(Supplemental Table S6).

Discussion
The study showed an overall cough hypersensitiv-
ity in terms of at least one cough trigger in CC 

patients in our cohort. Higher sensitivity to 
mechanical triggers and meal triggers was 
observed in RCC and meal triggers in GERC. 
Capsaicin cough sensitivity had a low correlation 
with cough sensitivity to chemical triggers but 
was not associated with mechanical triggers. This 
study, for the first time, roughly classified cough 
triggers in daily life according to the possible 
mechanism and investigated their profile in dif-
ferent causes of CC in a large sample size. In 
addition, the relationship between cough sensitiv-
ity to classified cough triggers and capsaicin was 
also studied, which supported the existence of 
heterogeneity in cough hypersensitivity.

Cough hypersensitivity, mediated by peripheral 
and/or central hypersensitivity, is an important 
part of the neurophysiology of cough.2 In our 

Table 4.  Univariate and multivariable logistic regression analysis of triggers for RCC.

Univariable analysis Multivariable analysis

Characteristics OR 95% CI p OR 95% CI p

Sex 0.711 0.526–0.960 0.026 0.720 0.530–0.990 0.041

Age 0.990 0.979–1.002 0.102 0.990 0.980–1.010 0.326

Number of chemical triggers 1.130 0.992–1.289 0.067 1.090 0.950–1.260 0.223

Number of mechanical triggers 1.251 1.050–1.491 0.012 1.230 1.030–1.480 0.022

Number of meal triggers 1.647 1.260–2.153 <0.001 1.480 1.120–1.960 0.005

Thermal trigger-Cold air 1.041 0.771–1.405 0.792 – – –

CI, confidence interval; OR, odds ratio; RCC, refractory chronic cough.

Figure 3.  (a) Sex and (b) age differences of triggers among chronic cough patients.
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study, more than 90.0% of patients reported at 
least one cough trigger, which also indicated that 
cough hypersensitivity is a general feature of CC. 
For neuropathic pain, the classification of allo-
dynia or hyperalgesia according to different types 
of stimuli can bring about additional insight into 
the underlying pain mechanisms and different 
types of management.14 By analogy with this, we 
classified cough triggers into chemical triggers, 
mechanical triggers, meal triggers, and thermal 
trigger. Chemical-triggers-induced cough is trig-
gered by a range of irritant environmental chemi-
cals and mediators causing airway inflammation 
or tissue damage, which might be mostly 

mediated by jugular vagal C-fibers.15 In this 
study, cough sensitivity to chemical triggers was 
similar among all etiologies, and so was capsaicin 
sensitivity. As the receptor for capsaicin was 
TRPV1 in vagal pulmonary C-fiber sensory 
nerves, the analogous response of each etiology to 
chemical and capsaicin might indicate a common 
heightened activation of C-fiber in CC. 
Mechanical triggers, characterized by their 
responsiveness to touch-like mechanical stimuli 
and change of tension of the larynx or intratho-
racic pressure, were speculated to be primarily 
associated with nodose vagal afferent Aδ fib-
ers.16,17 RCC was more responsive to mechanical 

Figure 4.  The relationships between capsaicin sensitivity and the number of (a) triggers, (b) chemical triggers, and (c) mechanical 
triggers in patients who underwent capsaicin cough challenge test (n = 254).
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triggers than other causes in this study. Previous 
studies have also found increased sensitivity to 
talking, one of the mechanical triggers, in RCC.9 
These findings prompt possible sensitization of 
Aδ fiber in RCC. However, the value of Aδ fiber 
activation represented by mechanical triggers for 
the diagnosis and treatment of RCC needs fur-
ther study. Meals-induced cough was denoted as 
factors relating to eating or drinking. Cough sen-
sitivity to meal triggers was elevated in GERC 
compared to patients with other causes in this 
study. It was in line with one of our previous stud-
ies that cough triggered by meals might indicate 
GERC.18 Generally considered, reflux-induced 
microaspiration or neuronal sensitization of 
esophageal-bronchial crosstalk account for cough 
in GERC. On the other hand, we found height-
ened cough sensitivity to meal triggers in RCC, 
which was consistent with a previous study.9 The 
inclusion of refractory GERC in RCC might be 
partly responsible for this finding,19 but more rea-
sons involved remain uncertain. The significance 
of RCC patients’ hypersensitivity to meal triggers 
on the diagnosis and treatment of RCC needs fur-
ther study. Thermal trigger in the present study 
was referred to as cold air. On one hand, dry air 
induces a transient change in osmolarity in the 
epithelial fluid, causing bronchoconstriction and 
coughing through the activation of mechanical 
receptors. On the other hand, cold stimuli to the 
skin and cross-talk of sensory afferents between 
the skin and airways in the brainstem could medi-
ate cough.20–22 Previous studies showed that cold 
air was more related to asthma.8,23 However, 
inconsistent with this, cold air-induced cough did 
not differ significantly between etiologies in the 
present study. The discrepancy may be related to 
the enormously distinct climate where the studies 
were conducted. Central sensitization is also a 
key feature of cough hypersensitivity.2 While cen-
tral sensitization is understood to increase the 
responsiveness of neurons to stimuli, how this 
process specifically interacts with different trig-
gers of cough is not well-defined. A more accu-
rate and comprehensive classification of cough 
triggers and their prompting value in the diagno-
sis and treatment of different causes of CC 
demand further study.

A female and elder predominance in increased 
cough sensitivity to chemical triggers was observed 
in this study, which is consistent with higher cap-
saicin cough sensitivity in older females in previ-
ous studies.12,24,25 Higher sensitivity in females 

might be associated with genetically higher cen-
tral sensitivity25,26 and enhanced activation of 
TRPV1 by estrogen hormone.27 Regardless of 
sex, increased capsaicin cough sensitivity was 
observed in the older age group compared with 
younger patients.28 The above studies combined 
account for a potential mechanism for the female 
and elder predominance in patients with CC. In 
contrast, cough induced by meals was more com-
mon in male and younger patients. Gastro-
esophageal reflux disease was predominantly in 
males.29 Also, acid-reflux-induced esophageal 
damage was more intensively observed in male 
rats than in female rats.30 Therefore, age and sex 
differences should not be overlooked in the evalu-
ation of cough hypersensitivity. The capsaicin 
challenge test has the same threshold for different 
sex and age groups. This may be the reason for 
the large overlap of cough sensitivity between 
patients with CC and healthy control. Thus, 
delineating abnormal ranges for different sex and 
age groups should be considered in assessing 
cough sensitivity more accurately.

In the present study, capsaicin cough sensitivity 
had a considerably low correlation with cough 
sensitivity to daily cough triggers, suggesting little 
overlap of mechanism in cough hypersensitivity. 
No significant difference in cough sensitivity to 
capsaicin and mechanical triggers was found in 
the present study, indicating that they portray dif-
ferent aspects of cough sensitivity. In addition, an 
observational study showed RCC presented with 
different patterns of response to stimuli mediated 
by Transient receptor potential vanilloid 1 and 
transient receptor potential ankyrin 1, with 10.7% 
of patients hypersensitive to both allyl isothiocy-
anate (AITC) and capsaicin, 11.9% responded 
only to capsaicin and 18.8% responded only to 
AITC.5 All in all, the above results indicate the 
heterogeneity in cough hypersensitivity and the 
deficiency of capsaicin challenge tests in evaluat-
ing cough sensitivity. A more comprehensive and 
validated cough-specific measurement tool com-
prising every type of stimuli, for example, a ques-
tionnaire about cough hypersensitivity, should be 
developed to evaluate cough sensitivity in CC.

Limitations
There are some limitations in the present study. 
First, response to cough triggers in this study was 
recorded in the form of binary answer (yes/no) 
but not an incremental scale to quantify the 
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degree, so it fails to investigate the severity of 
cough hypersensitivity to triggers. Second, trigger 
entries for each category may not be comprehen-
sive and need further development, but it can still 
confirm the insufficient detection of cough sensi-
tivity with capsaicin challenge tests alone. Third, 
as cough response to cough triggers in healthy 
volunteers was not investigated in this study, it 
failed to distinguish physiologic cough response 
from pathological cough response. Fourth, the 
patients in this study did not include those who 
had never visited a doctor due to cough, thus fur-
ther studies which encompass these subjects are 
needed.

Despite these limitations, this study provides direc-
tion for future research on cough hypersensitivity. 
Utilization of comprehensive and validated meas-
urement tools for cough sensitivity would be a key 
to the investigations. It is also worthwhile to inves-
tigate the mechanism underlying cough sensitivity 
to different types of triggers and their role in the 
management of responsive CC. Moreover, studies 
involving serial evaluation by these comprehensive 
and validated measurement tools can demonstrate 
the effect of a pathological condition or therapeutic 
intervention on cough reflex sensitivity.

Conclusion
Cough hypersensitivity to cough triggers is a com-
mon phenomenon in different causes of CC. 
However, GERC presents with higher sensitivity 
to meal triggers and RCC presents with both 
higher sensitivity to meal triggers and mechanical 
triggers. In illustrating demographic profiles of 
cough triggers, females and elders were more sen-
sitive to chemical triggers while cough induced by 
meals were more common in males and the 
younger. Different patterns of cough response to 
cough triggers and capsaicin supported the exist-
ence of heterogeneity in cough pathways.
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