ERJ OPEN RESEARCH
ORIGINAL RESEARCH ARTICLE
J.W.K. VAN DEN BERG ET AL.

The demographics, clinical characteristics and quality of life
of patients with chronic cough from the Isala Cough Clinic in
the Netherlands

Jan Willem K. van den Berg

! Carl A. Baxter?, Mireille A. Edens’, Kornelis W. Patberg’,

Hester van der Velden®, Arjan Weijerse® and Stina Salomonsson*

!Isala Hospital, Zwolle, The Netherlands. MSD (UK) Limited, London, UK. *MSD, Haarlem, The Netherlands. *MSD, Stockholm, Sweden.

Corresponding author: Jan Willem K. van den Berg (j.w.k.van.den.berg@isala.nl)

L)

Check for
updates

Shareable abstract (@ERSpublications)

Of patients attending a specialist chronic cough clinic, ~70% had an underlying chronic cough
phenotype and a significant proportion exhibited poor health-related quality of life outcomes
despite interventions to treat underlying conditions and the cough https://bit.ly/3rgy5yV

Cite this article as: van den Berg JWK, Baxter CA, Edens MA, et al. The demographics, clinical
characteristics and quality of life of patients with chronic cough from the lIsala Cough Clinic in
the Netherlands. ERJ Open Res 2022; 8: 00232-2022 [DOI: 10.1183/23120541.00232-2022].

Copyright ©The authors 2022

This version is distributed under
the terms of the Creative
Commons Attribution Non-
Commercial Licence 4.0. For
commercial reproduction rights
and permissions contact
permissions@ersnet.org

This article has an editorial
commentary:
https://doi.org/10.1183/
23120541.00519-2022

Received: 11 May 2022
Accepted: 16 Sept 2022

3 28,

https://doi.org/10.1183/23120541.00232-2022

Abstract

Introduction Chronic cough affects ~10% of the population and adversely impacts quality of life. This
retrospective observational cohort study aimed to identify the demographics, clinical characteristics and
quality of life of the chronic cough population in a Dutch chronic cough clinic, at baseline and following
treatment at 6 months. Patients were categorised based on the underlying phenotype and response to
treatment.

Methods Retrospective data on 2397 patients who were diagnosed according to standard guidelines of the
American College of Chest Physicians were analysed. Quality of life was captured via the Leicester Cough
Questionnaire, the Cough Numeric Rating Scale and the Hospital Anxiety and Depression Scale.

Results Mean patient age was 59 years; 62.5% of the patients were female; and 69.1% had at least one
underlying phenotype associated with chronic cough. Of the latter, 52.1% had bronchial
hyperresponsiveness/airflow limitation, 33.3% had airway reflux and 20.1% had upper airway cough
syndrome. 46% of patients with a phenotype, and 51% without, experienced no improvement in their
quality of life or still had significant cough remaining after 6 months. Of patients with available quality-of-
life data, 37.5% were categorised as having refractory chronic cough, and 9.5% were categorised as
unexplained chronic cough.

Discussion This study highlights the poor quality-of-life outcomes in patients with chronic cough, despite
interventions to treat underlying conditions, and indicates a need to manage chronic cough irrespective of
phenotype.

Introduction

Cough is commonly defined as chronic when it persists for >8 weeks, whereas <3 weeks is considered
acute and 3-8 weeks is considered subacute [1]. The global prevalence of chronic cough is estimated to be
9.6%, and is thought to be higher in Europe at ~12.7% [2]. However, there is some degree of variability in
Europe, with some countries reporting a prevalence as low as 4% [3].

There are many different risk factors for developing chronic cough; smoking, and the existence of an
underlying comorbid condition, are the most common [1]. A worldwide survey in 2014 found that chronic
cough has a preponderance for females and higher age groups; two out of three patients of chronic cough
clinics were found to be female, and the modal age range for presentation was 60—69 years [4]. A more
recent observational study supports these findings [5]. Patients with chronic cough typically present signs
of cough reflex hypersensitivity, causing a reaction to low levels of thermal, chemical or mechanical
stimulation [1]. To further categorise cough hypersensitivity, different phenotypes are used dependent on
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the location and type of inflammation. The European Respiratory Society (ERS) 2020 guidelines outline
the main phenotypes of chronic cough as asthmatic cough/eosinophilic bronchitis, reflux cough and
iatrogenic cough [1].

Historically, patients presenting with suspected chronic cough underwent expensive or invasive procedures [6].
Since the introduction of ERS guidelines, chest radiography, spirometry and looking for eosinophilia are
now the recommended actions to determine the phenotype. Once a phenotype has been identified, treating
the specific phenotype often leads to a resolution or improvement of chronic cough [7, 8]. However, in a
minority of patients, chronic cough cannot be resolved through treatment of the phenotype; these patients
are considered to have refractory chronic cough (RCC) [9]. Following extensive investigation, there are
some chronic cough patients who still elude diagnosis; such patients are considered to have unexplained
chronic cough (UCC) [9].

Many patients with chronic cough report adverse impact on their quality of life, frequently reporting
musculoskeletal chest pains, sleep disturbance, gastro-oesophageal reflux, heartburn and regurgitation
[10-12]. As well as these symptoms, females with chronic cough commonly report urinary incontinence
[13]. Patients with chronic cough report quality-of-life impairments comparable to those with other chronic
respiratory diseases, such as COPD [11]. The quality of life impact experienced by those with UCC and
RCC has yet to be characterised. This presents a significant data gap, as recent studies indicate that
between 42% and 66% of chronic cough patients have no underlying phenotype or do not respond to
treatment for an identifiable underlying condition, although these estimates vary depending on the study
setting [5, 14-16]. Filling this data gap will allow the treatment needs of these patients to be better understood.

This study retrospectively investigated the demographic, clinical characteristics and quality of life of the
chronic cough patients attending the Isala Cough Clinic in the Netherlands at baseline and after
intervention at 6-month follow-up.

Methods

This retrospective observational cohort study was performed at the Isala Cough Clinic, an outpatient clinic
in the department of pulmonology of Isala Hospital in Zwolle, the Netherlands. This study analysed data
that were collected from patients who were first referred to the clinic between 6 January 2010 and 26 April
2019. Subjects had to be aged >18 years upon first encounter at the Isala Cough Clinic and present with
chronic cough, defined as cough persisting for >8 weeks. Patients who presented abnormalities in chest
radiography were excluded from the study, with no further exclusion criteria applied. Patients were
followed-up at 6 months following initial presentation to the clinic, to capture a real-world clinical practice
treatment duration of ~4 months. Data included results of diagnostic tests performed to standard hospital
procedure, patient-reported quality of life and demographic characteristics of the patients. All data were
anonymised; patients provided signed informed consent on entering the hospital and were free to opt out at
any time; however, no patients were excluded due to this reason. The Isala Hospital daily board of the
medical ethics committee had no objections to the research proposal and no additional consent was
required (medical ethics committee number 190107). The patient inclusion flow chart is outlined in
supplementary figure S1.

Objectives
This study aimed to characterise the demographic and clinical characteristics and quality of life of patients
with chronic cough, RCC and UCC at first presentation to the clinic, then again after 6 months.

Diagnostic tests

Prior to presentation at the clinic, a battery of diagnostic tests was performed on the chronic cough patients
as per the 2006 American College of Chest Physicians guidelines [17], as follows. Lab: complete blood
count, total eosinophils, IgE, Phadiatop allergy screen; lung function: spirometry, bronchoprovocation
challenge, exhaled nitric oxide fraction (Fgno); radiology: chest radiography, sinus imaging. Additionally,
the Hull Airway Reflux Questionnaire (HARQ) was administered upon presentation to the clinic. For this
study, three phenotypic categories were formed based on diagnostic tests undertaken in the time period the
patients were seen in the clinic and taking into account the ERS chronic cough phenotypes: 1) bronchial
hyperresponsiveness (BHR)/airflow limitation (AL); 2) upper airway cough syndrome (UACS); and
3) airway reflux (including both acid airway reflux and non-acid airway reflux) [1]. At time of diagnosis,
the ERS guidelines had not been published, so direct use of the ERS phenotypes in this study was not
possible. BHR was diagnosed by a methacholine challenge result of provocative dose causing a 20% fall
in forced expiratory volume in 1s (FEV;) <490 pg [17] or FEV/vital capacity (VC) <0.70 and
methacholine challenge was negative [17]. UACS was diagnosed by abnormal sinus radiography
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exclusively. Airway reflux was diagnosed based on reflux symptoms and/or HARQ >14 if no other
diagnosis was made [17]. On analysis of patient data, diagnoses were inferred from the presence of the
described diagnostic tests and their results.

Health-related quality of life

Health-related quality of life (HRQoL) assessments used in the Isala Cough Clinic were the Leicester
Cough Questionnaire (LCQ) and the Hospital Anxiety and Depression scale (HADS), to capture
physiological and psychological domains of patient wellbeing. The Cough Numeric Rating Scale
(NRS-cough), a global 11-point rating of change scale, was also used as a measure of cough severity [18].
These tools were selected as the optimal measures that may be used, in lieu of an objective cough count
device commonly used in clinical trials, but not practical in the real-world setting. These assessments were
conducted at first presentation to the clinic and at a 6 month follow-up. In this study, the minimal clinically
important difference (MCID) for LCQ and NRS-cough were defined as +1.3 and —2.0, respectively [17,
19, 20]. It should be noted that a NRS-cough scale MCID has not yet been determined; therefore, to
ensure clinical applicability, the MCID of similar global rating of change Likert scale was applied [21].
The MCID for HADS was —1.7 regarding anxiety and —1.5 regarding depression [22].

RCC and UCC categorisation

Patients were stratified into RCC and UCC subgroups based on response to HRQoL questionnaires,
diagnostic tests and presence of any underlying treatable conditions. Patients with RCC were defined as
those with one or more treatable condition where treatment was ineffective. Patients with UCC were
defined as those with no identified treatable underlying conditions and treatment failure. Ineffective
treatment and treatment failure were defined as any of the following: 1) failure to reach MCID on the LCQ
after 6 months; 2) failure to reach MCID on the NRS-cough after 6 months; 3) reaching MCID criteria on
the LCQ after 6 months, but having significant cough remaining measured by a LCQ score <13; or
4) reaching MCID criteria on the NRS-cough after 6 months, but having significant cough remaining
measured by a NRS-cough >5.

Statistical analysis

Demographic and clinical characteristics, and HRQoL were summarised and presented as measures of
central tendency and proportions, respectively. The paired t-test or Wilcoxon signed-rank test was
performed for inferential analysis of continuous data, whereas dichotomous variables were assessed using
the McNemar test. The size of the population that attends the Isala Cough Clinic was calculated as a
percentage of the population of the Isala hospital catchment area.

Results

Baseline characteristics

Patient characteristics are presented in table 1. The study population had a meantsp age of 59+13.9 years;
62.5% (n=1497) of the cohort were female; and 6.8% (n=147) of patients included were current smokers.
Half of the patients tested positive on the methacholine test for airway reactivity, supporting a diagnosis of
BHR. However, spirometry was normal in the majority of the patients (FEV/VC >70%, 73.8%, n=1574),
as was Fpno (median (range) 18 (12-27) ppb). The vast majority of patients (91.5%, n=1033) had a
HARQ score >14 (beyond the upper limit of normal of 13), reflecting a high burden of airway reflux and
high probability of cough hypersensitivity in the included patients. In 30.9% of patients no tentative
underlying cause was identified (table 2). A diagnosis of BHR/AL was the modal phenotype, presenting in
60.9% (1117 out of 1835) of patients, followed by airway reflux in 33.3% (297 out of 891) and UACS in
20.1% (459 out of 2282). In 10.5% (248 out of 2352) of patients, at least two underlying phenotypes were
identified, whereas 58.5% (1377 out of 2352) presented with only one. Patients presenting with co-existing
phenotypes were treated sequentially, addressing one cause prior to targeting subsequent causes.

Health-related quality of life

Results of HRQoL and cough severity measures are presented in table 3. At baseline, more than half of the
respondents were experiencing significant cough-related HRQoL impairments, evidenced by an LCQ <13
(52.8% of respondents) or an NRS-cough >5 (55.2% of respondents) on presentation. For patients who
responded to the questionnaire at the 6-month follow-up, the mean total LCQ score increased by 2.5 from
12.8 to 15.3 (p<0.001), surpassing the MCID, and the mean NRS-cough score decreased by 1.7 from 5.7
to 4.0 (p<0.001), which was statistically significant. The MCID on the LCQ was reached in 64.4%
(n=519) of respondents and the MCID on the NRS-cough was reached in 50.7% (n=880) (table 4). In
addition, the percentage of patients with low LCQ <13 decreased, from 52.8% at baseline to 21.5% at
6-month follow-up (p<0.001), reflecting a notable improvement in the HRQoL for these patients over the
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TABLE 1 Study cohort baseline characteristics

Patients Summary statistics
Demographics
Age (years) 2397 59.4+13.9
Female 2397 1497 (62.5)
Smoking status 2161
Nonsmoker 1169 (54.1)
Ex-smoker 845 (39.1)
Current smoker 147 (6.8)
Diagnostics
Radiography, thorax 2318
Abnormal, not contributing to cough 349 (15.1)
UACS
Radiography, sinus 2282
Abnormal 459 (20.1)
BHR/AL
Methacholine test (PC,,/PD5g) 1835
Abnormal 995 (54.2)
FEV; (L) 2243 2.9+0.9
FEV, (%) 2217 96+18.4
VC (L) 2187 3.841.1
VC (%) 2179 102.2+17.1
FEV,/VC (%) 2134 75.4 (69.5-80.4)
<70% 560 (26.2)
>70% 1574 (73.8)
Methacholine test result normal and FEV;/VC <70% 2049 122 (6.0)
Feno (ppb) 1882 18 (12-27)
Airway reflux
HARQ-total 1129 32.7£13.3
HARQ-total >14 1129 1033 (91.5)
Other
Inhalation allergy, positive 2292 577 (25.2)
IgE (kU-L™Y) 2234 111.3+314.6
IgE >120 ku-L™* 2234 422 (18.9)
Eosinophilic leukocytes (x10° cells-L™%) 2330 0.240.2
Eosinophilic leukocytes >0.4 x10° cells-L™* 2330 149 (6.4)

Data are presented as n, n (%), meantsop or median (range). n=2397. UACS: upper airway cough syndrome; BHR:
bronchial hyperresponsiveness; AL: airway limitation; PC,,: provocative concentration causing a 20% fall in
forced expiratory volume in 1s (FEV,;); PD,o: provocative dose causing a 20% fall in FEV;; VC: vital capacity;
Feno: exhaled nitric oxide fraction; HARQ: Hull Airway Reflux Questionnaire.

TABLE 2 Phenotypic characterisation of patients presenting with chronic cough

Patients Summary statistics

BHR/AL 1835 1117 (60.9)
UACS 2282 459 (20.1)
Airway reflux 891" 297 (33.3)
Phenotype number 2352

0 727 (30.9)

1 1377 (58.5)

22 248 (10.5)

Missing 0

Data are presented as n or n (%). BHR: bronchial hyperresponsiveness; AL: airway limitation; UACS: upper
airway cough syndrome. *: those patients with 1) a valid Hull Airway Reflux Questionnaire; 2) a valid
methacholine test result; and 3) a valid sinus radiography result.
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TABLE 3 Health-related quality of life and cough severity descriptive statistics at baseline and 6-month follow-up

Baseline (initial) 6 months (follow-up) Difference (change)
Patients Summary Patients Summary Patients Summary p-value
statistics statistics statistics
Time between LCQ at baseline and follow-up NA NA 693 6.9 (6.4-7.7) NA
(months)
Time between NRS-cough at baseline and NA NA 1565 6.6 (6.2-7.5) NA
follow-up (months)
Discrete/continuous variables
LCQ total 1144 12.8+3.0 971 15.3+3.3 806 2.5+2.9 <0.001
LCQ physical 1194 4.3+0.9 1008 5.0£1.0 870 0.7+0.9 <0.001
LCQ psychological 1228 4.5+1.0 1034 5.2+1.0 900 0.7£1.0 <0.001
LCQ social 1250 3.9+1.5 1039 5.1+1.5 929 1.2+1.4 <0.001
NRS-cough 24 h 2235 5.7+2.5 1837 4.0+2.7 1735 —1.7+£3.0 <0.001
HADS total 1207 8.0 (4-14) 1024 6.0 (2-12) 886 —2.0 (—23-29) <0.001
HADS anxiety 1229 5.0 (2-8) 1040 4.0 (1-6) 917 —1(=3-1) <0.001
HADS depression 1239 4 (1-7) 1043 2 (1-6) 922 -2 (=2-3) <0.001
Binary categorical variables
LCQ total 1144 971 806 <0.001
>13 540 (47.2) 762 (78.5)
<13 (unfavourable) 604 (52.8) 209 (21.5)
NRS-cough 24 h 2235 1837 1734 <0.001
<5 1001 (44.8) 1253 (68.2)
>5 (unfavourable) 1234 (55.2) 584 (31.8)
Cough severity (LCQ and NRS-cough) 1071 909 712 <0.001
LCQ >13 and NRS-cough <5 326 (30.4) 554 (60.9)
LCQ >13 and NRS-cough >5 185 (17.3) 160 (17.6)
LCQ <13 and NRS-cough <5 131 (12.2) 49 (5.4)
LCQ <13 and NRS-cough >5 429 (40.1) 146 (16.1)
HADS total >11 1207 430 (35.6) 1024 288 (28.1) 886 <0.001
HADS anxiety >11 1299 99 (8.1) 1040 68 (6.5) 917 0.016
HADS depression >11 1239 94 (7.6) 1043 69 (6.6) 922 0.801

Data are presented as n, median (range), meantsp or n (%), unless otherwise stated. LCQ: Leicester Cough Questionnaire; NRS-cough: Cough
Numeric Rating Scale; HADS: Hospital Anxiety and Depression Scale; NA: not applicable.

6-month period (table 3). The median HADS total score decreased by 2.0 from 8.0 to 6.0 (p<0.001),
surpassing the MCID for HADS.

Upon evaluation, of patients that had responded to both the LCQ and NRS-cough questionnaires, 27.0%
failed to reach a MCID on both scores and the cough remained troublesome in 65.6% (126 out of 192) of
these patients (table 4).

Figure 1 highlights the correlation between patient improvement and severity of initial LCQ and
NRS-cough scores. Analysis showed that patients with the lowest scores for LCQ (figure 1a and c) and
highest scores on the NRS-cough scale (figure 1b and d) improved the most.

RCC and UCC categorisation

Figure 2 shows the categorisation of patients into RCC or UCC according to phenotype and effect of
interventions made prior to the 6-month follow-up, measured by responses to the LCQ and the NRS-cough
questionnaire. If we consider only patients with available MCID data, 37.5% (264 out of 704) of the study
population were categorised as RCC, and 9.5% (67 out of 704) were categorised as UCC. Supplementary
table S1 shows the characteristics of the treatment response groups, which were found to be similar
regardless of treatment response and underlying phenotype. Considering patients with MCID data (figure 2),
the success rate (defined by patients meeting HRQoL MCID and having no remaining cough) was 54%
(308 out of 572) in patients with a phenotype and 49% (65 out of 132) in patients without a phenotype.

Discussion
To the authors’ knowledge, this is the first real-world study capturing patient characteristics and HRQoL of
patients with RCC and UCC. Our study found that 37.5% of chronic cough patients had RCC and 9.5%
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TABLE 4 Patient health-related quality of life 6 months after presentation to the clinic

Patients Summary statistics
MCIDs reached
MCID LCQ +1.3 reached 806
No 287 (35.6)
Yes 519 (64.4)
MCID NRS-cough —2.0 reached 1734
No 854 (49.3)
Yes 880 (50.7)
MCID LCQ and/or NRS-cough reached 712%
LCQ not reached and NRS-cough not reached 192 (27.0)
LCQ reached and NRS-cough not reached 146 (20.5)
LCQ not reached and NRS-cough reached 68 (9.6)
LCQ reached and NRS-cough reached 306 (43.0)
Any MCID reached 712%
No 192 (27.0)
Yes 520 (73.0)
Residual burden of cough
LCQ <13 and/or NRS-cough >5 909
No 554 (60.9)
Yes 355 (39.1)
Effectiveness of treatment
Treatment effectiveness 712*
No MCID and R-cough 126 (17.7)
No MCID and no R-cough 66 (9.3)
Any MCID and R-cough 144 (20.2)
Any MCID and no R-cough 376 (52.8)
Treatment effectiveness 712"
Not effective 336 (47.2)
Effective 376 (52.8)

Data are presented as n or n (%). MCID: minimal clinically important difference; LCQ: Leicester Cough
Questionnaire; NRS-cough: Cough Numeric Rating Scale; R-cough: remaining cough. *: all patients included in
the trial, regardless of available diagnosis data.

UCC after 6 months. Despite systematic investigation, no phenotype could be identified in 30% of patients,
meaning they could not receive targeted therapy for any specific chronic cough phenotype. The
percentages of the various phenotypes are comparable to another recent epidemiological study whereby the
prevalence of chronic cough according to comorbidities was 33% for asthma and 28.6% for COPD [23],
compared to 60.9% for BHR and/or AL in this study. Baseline characteristics, including cough-related
quality of life and cough severity, have also been identified as important predictors of outcomes in patients
with chronic cough [24]. The findings of the HARQ taken at baseline indicate that 91.5% of patients were
positive, suggesting that airway reflux is a major cause of cough hypersensitivity and may speculatively
underlie the high incidence of nonasthmatic BHR seen in our study. In line with existing literature, this
study found that baseline LCQ and NRS-cough values were positively correlated with change in LCQ and
NRS-cough. Trrespective of phenotype or reaching an MCID in one or more measures, 39.1% (figure 2) of
respondents still had significant cough remaining after the 6-month follow-up period. Therefore, the
observation that improvement was not seen at 6 months in a significant proportion of patients either with
or without a phenotype, could imply that over time, cough hypersensitivity may become more dominant in
lieu of an underlying phenotype.

Limited attempts have been made to characterise RCC or UCC within a chronic cough population.
Estimates vary markedly depending on the study setting and subgroup definition which, in the real-world
setting, can vary depending on the diagnosing physician. Two separate UK studies estimate the proportion
of patients within the chronic cough population without a phenotype to be 42% and 66%, with the highest
prevalence reported in a community setting rather than a specialist cough clinic [15, 16]. The study by
EveretT et al. [15], conducted in a general UK population, captured only the proportion of chronic
persistent cough patients without a co-existing respiratory diagnosis, which may explain the notably higher
results at 66%. The study by Haque et al. [16], which took place at the Royal Brompton Hospital Chronic
Cough Clinic (London, UK), defined a subgroup with “chronic idiopathic cough” where diagnosis could
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FIGURE 2 Flow chart showing the categorisation of patients as refractory chronic cough (RCC) or unexplained chronic cough (UCC). MCID: minimal
clinically important difference; LCQ: Leicester Cough Questionnaire; NRS-cough: Cough Numeric Rating Scale.

https://doi.org/10.1183/23120541.00232-2022



ERJ OPEN RESEARCH

ORIGINAL RESEARCH ARTICLE | J.W.K. VAN DEN BERG ET AL.

not be made even after thorough systematic investigation, and found a prevalence of 42% within their
chronic cough population, similar to the 30% identified in this study.

The results show that at baseline more than half of respondents were experiencing significant cough-related
HRQoL impairments. Given that HRQoL impairment defines categorisation as RCC or UCC in this study,
and nearly half of our study population were categorised as such; clearly these patients are in need of
effective symptom management. Additionally, more effective diagnosis of RCC and UCC in particular
would reduce the economic burden associated with diagnosis. These patients are only diagnosed as
end-points to an arduous and expensive diagnostic process. Furthermore, to the authors’ knowledge there
have been no attempts to characterise the patient journey of chronic cough patients. A clearer
understanding of the patient journey may allow for the streamlining of the current, unstructured approach
to diagnosing and managing chronic cough.

There are several limitations of this retrospective study. Despite the large sample size, some analyses were
limited due to invalid diagnostic tests and/or due to the retrospective study design. Patient examination was
conducted prior to the publication of the ERS chronic cough guidelines. Phenotype grouping was done
prospectively so direct use of the ERS phenotypes was not possible. Further, although commonly used in
chronic cough studies, reliance on subjective patient reported outcome measures such as the LCQ could
potentially lead to underreporting of symptom severity. Additionally, 64.8% (1053 out of 1625) of patients
with an underlying phenotype and 81.8% (595 out of 727) of patients without phenotype did not respond
to the HRQoL questionnaires, so the results may be incomplete. Despite some lack of response, it was
possible to evaluate the HRQoL of many patients (table 3); however, the authors recognise the smaller
numbers of responses in relation to establishing MCID of NRS-cough and LCQ results. A further
limitation exists with the lack of standardisation of classification of RCC and UCC populations, which may
limit comparability to other studies. The use of disease-specific, patient-reported quality-of-life measures in
the definition of ineffective treatment and treatment failure means that patients can still be considered RCC
or UCC even if cough resolves. Additionally, the study sample is a biased representation of chronic cough
patients, as only patients with severe cough are referred to the Isala Cough Clinic and generalisation of
these results to a general population should be made with caution.

Our analyses highlighted the difficulty in predicting whether a patient will respond to intervention for
specific phenotypes, as treatment response was similar across all subgroups of chronic cough patients, as
were distributions of patient characteristics. Our study found that 47% of the chronic cough population
may be labelled as RCC or UCC. Of the patients attending the Isala Chronic Cough Clinic, ~70%
belonged to a phenotype associated with chronic cough and ~30% did not. In patients with an underlying
diagnosis, 46% of patients showed improvement in HRQoL and had no significant cough remaining after
6 months and 51% of patients did not. The presence or absence of a phenotype had no relationship with
HRQoL impact severity, and whether a patient failed to improve in HRQoL or still had significant cough
remaining. As such, there is a major unmet clinical need to manage chronic cough irrespective of
phenotype. Future studies should aim to characterise the economic and social burden of RCC and UCC so
we can better understand their impact and investigate what dictates whether a chronic cough patient will
respond to intervention. The similarity in treatment response between patient groups also indicates that
development of additional therapeutic options for symptom management in both RCC and UCC would be
clinically and economically valuable.
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