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Abstract

Background Cough severity represents an important subjective endpoint in assessing the effectiveness of
therapies for patients with chronic cough. Although cough-specific quality of life questionnaires exist, a
widely available cough severity instrument with established measurement properties remains unavailable.
Aims To identify and summarise the results of studies reporting on the experience of patients with chronic
cough and, in the process, develop a conceptual framework to inform development of a patient-reported
outcome measurement (PROM) addressing cough severity.

Results We identified 61 eligible studies reporting on patient experience with chronic cough. Studies
provided 82 potential items, of which 43 proved unique and relevant to cough severity. The urge-to-cough
sensation and the cough symptom itself represented broad domains of cough severity. Two subdomains
under urge-to-cough included frequency (1 item) and intensity (1 item). Five subdomains under cough
symptoms included control (2 items), frequency (6 items), bout duration (1 item), intensity (8 items), and
associated features/sequelae (24 items).

Conclusions Our systematic survey and conceptual framework identified items and domains of cough
severity in patients with refractory or unexplained chronic cough. The results support item generation and
content validity for a PROM assessing cough severity.

Introduction

Chronic cough lasting for more than 8 weeks is a common health problem that affects between 2-18% of
adults worldwide [1]. Although clinicians can often identify and effectively treat known causes of cough
(including asthma, COPD, bronchiectasis, gastro-oesophageal reflux disease and upper airway cough
syndromes), up to 60% of patients experience persistent coughing despite treatment targeting these
underlying conditions (refractory chronic cough), while in others, no cause can be identified (unexplained
chronic cough) [2—4].

Chronic cough can result in important impairment in quality of life. Physical symptoms associated with
chronic cough include chest pain, urinary incontinence, cough syncope and headaches [5]. Patients may
also experience depression, anxiety, sleep disorders and social disability [5]. Improving quality of life in
these patients requires investigation and administration of effective therapies.
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Objective measurement of cough frequency represents the current gold standard to assess the efficacy of
novel therapies for refractory or unexplained chronic cough in clinical trial settings, particularly for
regulatory approval. Limitations of cough frequency monitoring include, however, restricted timeframe
(typically >24 h), burden for patients, and expense. Together, these render the technology unfeasible for
use in routine clinical practice. Although objective cough frequency is an important endpoint and a
dominant aspect of severity, there may be other patient-important factors that contribute to patients’ overall
perception of cough severity.

Patient-reported outcomes (PROs) represent measures of patients’ health status that are obtained from direct
patient inquiry without interpretation by a clinician or anyone else [6]. PROs including the Leicester
Cough Questionnaire (LCQ) [7], Chronic Cough Impact Questionnaire (CCIQ) [8], Cough Specific Quality
of Life Questionnaire (CQLQ) [9], Cough Assessment Test (COAT) [10], and Cough Evaluation Test [11]
provide insights into patients’ subjective experience of chronic cough. Most of these measures focus on the
impact of cough symptoms on quality of life and are thus limited in that they only indirectly address cough
severity. This is important because improvement in the subjective experience of cough may be not only
due to cough suppression, but also due to central neuromodulatory effects from agents such as opioids,
pregabalin and gabapentin that diminish the aversive nature of the cough experience. Thus, alongside
cough-specific quality of life, full insight into therapeutic efficacy requires assessment of cough symptom
severity itself.

The visual analogue scale (VAS), in which patients use a 100 mm scale ranging from “no cough” to “the
worst cough severity”, provides a measure of patients’ experience of cough severity [12]. Limitations of
the cough severity VAS include, however, lack of evidence supporting its measurement properties,
difficulty comparing VAS scores between and within individuals due to lack of interpretability, and
limitations of single-item instruments in fully capturing complex patient experiences [13].

The cough symptom score (CSS), a two-part diary that includes questions related to cough frequency,
severity, and impact during the day and night, provides another subjective measure of cough severity [14].
Clinical experience with this instrument is, however, limited, and the tool lacks a conceptual framework.
Validity, responsiveness, and interpretability of the CSS also remain untested.

In contrast to the cough severity VAS and the CSS, the Cough Severity Diary (CSD), a seven-item daily
diary including domains of frequency, intensity and disruption, has undergone psychometric testing [15-17].
It is, however, currently a proprietary questionnaire that’s use for clinical or research purposes remain
restricted. Furthermore, it lacks conceptual clarity in that the domain “disruption” measures cough impact
on daytime activities and sleep, which represent measurements of cough-specific quality of life rather than
cough symptom severity. A widely available instrument with established measurement properties that
subjectively measures cough symptom severity rather than cough-specific quality of life remains
unavailable.

Apart from the CSD, an important limitation of the cough severity measures we have discussed is that they
were not informed by a thorough systematic survey of the available literature documenting patients’
experience of chronic cough. Failure to conduct a comprehensive survey risks omission of important items
and limits the development of a conceptual framework to optimally define the underlying construct and
domains for a cough severity instrument [18—20]. Therefore, we conducted a systematic survey to identify
both relevant domains and items to assess cough severity.

Methods

We conducted a systematic survey following a protocol registered on Open Science Framework (https:/osf.
io/tnjba). This report adheres to preferred reporting items for systematic reviews and meta-analyses
(PRISMA) standards [21]. A steering group (E. Kum, G.H. Guyatt and I. Satia) developed the plan for the
study, the detailed methodology, and led the development of the conceptual framework.

Data sources and search

We searched the databases of MEDLINE, EMBASE, CINAHL, PsycINFO, PubMed and HaPI from
January 2007 to August 2020. The search strategy, adapted to each database and without language
restrictions, included terms representing cough and terms representing PRO measurements (PROMs)
(supplementary table 1). To identify relevant studies prior to 2007, we referred to a systematic survey [16]
that included related articles within the literature from 2002 to 2006, as well as reviewed reference lists of
all eligible studies from our updated search.
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Eligibility criteria

We included studies meeting any of the following criteria: 1) studies addressing item generation of a
cough-specific PROM (including PROMs that assess cough symptom severity, urge-to-cough severity and/
or their impacts); 2) qualitative studies (interviews and focus groups) addressing the experience of chronic
cough; 3) cross-sectional studies addressing the experience of chronic cough; and 4) longitudinal cohort
studies (prospective or retrospective) addressing the prognosis of chronic cough, in which cough was the
independent predictor of a patient-important outcome. Eligible studies reported at least one relevant
domain or item that informed the concept of cough severity.

We included studies that enrolled adult patients (age >18 years) with chronic cough of any aetiology.
Chronic cough was defined as cough lasting more than 8 weeks [22]. Studies including mixed cough
populations (i.e. chronic cough, subacute cough and acute cough) or that defined chronic cough with a
threshold duration of less than 8 weeks were deemed eligible if the study reported data stratified for
patients with cough lasting more than 8 weeks, or if >80% of the patients had cough lasting more than
8 weeks.

We excluded the following studies: 1) randomised clinical trials in which cough serves as a primary or
secondary endpoint; 2) case reports related to chronic cough; 3) reviews addressing chronic cough;
4) editorials; 5) letters to the editor; 6) conference abstracts; 7) studies that failed to explicitly define
chronic cough or failed to report the average duration of chronic cough; and 8) studies including only
patients with lung cancer, cystic fibrosis, pulmonary hypertension or heart failure.

Study selection

Using Covidence systematic review software, a pair of reviewers, following training and calibration
exercises, first independently screened all titles and abstracts, and subsequently the full texts of studies
identified as potentially eligible. Reviewers resolved disagreements by discussion and, when necessary, by
adjudication with a third reviewer (E. Kum, G.H. Guyatt or I. Satia).

Data extraction

For each eligible study, a pair of reviewers, following training and calibration exercises, extracted data
independently using a standardised, pilot tested data extraction form (supplementary appendix). Reviewers
collected information on study characteristics (study design and sample size) and patient characteristics
(country, setting, type of care, age, sex, smoking habits, smoking pack-years, causes of chronic cough, and
duration of cough). For studies addressing item generation or development of a PROM, we extracted
information on the questionnaires’ target population, content (construct(s) assessed, number of items,
number of domains, and labelling of domains), and format (scoring and recall period).

Reviewers extracted statements informing candidate items and domains of cough severity. Informative
statements included those on: 1) precipitants and sensations leading up to a cough; 2) characteristics of
coughing while it is happening; and 3) symptoms in the immediate period (approximately 10 mins) after
coughing that patients perceive to be caused by coughing. Reviewers extracted relevant statements
verbatim from the articles.

Statements deemed uninformative of cough severity included those that referred to domains and items
related to cough-specific quality of life, including cough impacts on daily life, mental/psychological health,
and social life. Statements referring to symptoms that may co-occur with coughing but that are not due to
coughing itself were also considered uninformative. Reviewers resolved discrepancies by discussion and,
when necessary, by adjudication with a third reviewer. To ensure consistency of judgements, one
researcher (E. Kum) was a member of all reviewer pairs. A senior investigator (G.H. Guyatt or I. Satia)
adjudicated any conceptual issues that proved particularly challenging.

Qualitative synthesis

In parallel with the data extraction process, a steering group (E. Kum, G.H. Guyatt and I. Satia) developed
a separate list of domains and items using our own phrasing (a taxonomy), adding domains and items as
new themes from extracted statements emerged. For each item or domain, the taxonomy specified a
collection of common terms and statements used to convey the same or related ideas. By assigning the
most closely related keywords, reviewers used the taxonomy to organise the statements they extracted
according to its meaning and content [23]. Reviewers could suggest new items or domains when a
quotation did not fit existing ones. The continuous updating of the taxonomy provided a method to involve
all reviewers in the qualitative synthesis process.
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After completion of data extraction, the steering group reviewed the taxonomy and suggested
improvements to the wording. Potential items suggested by reviewers could be eliminated if judged
ineligible by the steering group. These ineligible items included those that provided redundant,
uninterpretable, or irrelevant concepts. The steering group subsequently developed a draft conceptual
framework that, through interactive discussion, led to arrangement of eligible items and domains, and to
some domains being subsumed within existing categories, given less prominence. We used vote counting,
comprising the number of studies mentioning either the domain or an item under that domain, to identify
the frequency with which authors mentioned items or domains presented in the final conceptual
framework.

Results
After screening 6425 titles and abstracts and 334 full texts, 61 studies proved eligible (figure 1).
Supplementary table 2 documents studies excluded at the full text level.

Table 1 presents the characteristics of the included studies that typically used cross-sectional designs
(n=31; 50.8%) and were conducted in the UK (n=20; 32.8%), USA (n=13; 21.3%), and Australia (n=7;
11.5%). Studies commonly defined chronic cough with a threshold duration of >8 weeks (n=40; 65.6%).

Typical patients proved to be females aged >50 years who had never smoked and were receiving care from
secondary or tertiary care settings (table 2). One qualitative study interviewed a sample of international
respiratory specialists, rather than patients with chronic cough [36].

The search identified eligible studies addressing item generation or development of a number of
cough-specific PROMs: CCIQ [8], Cough and Sputum Questionnaire [32], COAT [10], Cough Evaluation
Test (CET) [11], CSD [15], Cough Severity Index [65], CQLQ [9], CSS [14], Hull Airway Reflux

- Records identified through database searching: Additional records identified
2 MEDLINE (n=3022), EMBASE (n=3384), through reference lists of
3 CINAHL (n=1963), Psychinfo (n=73), eligible studies
Zg PubMed (n=328) (n=29)
S
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Records after duplicates removed
(n=6425)
(1))
=
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o v
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(n=6425) (n=6091)
Full-text articles excluded (n=273)

2 v Conference abstract (n=113)
= Full-text articles assessed Wrong indication (n=62)
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>8 weeks (n=23)
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FIGURE 1 Study selection flow chart.
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First author [ref.] Total Country Definition of chronic cough Study type
sample
size
Abawms [24] 3960 Australia Cough lasting >12 weeks Prospective cohort study
Baiaroini [8] 166 Italy Cough lasting >3 weeks Study addressing item generation of a
PROM (Chronic Cough Impact
Questionnaire)
BiRrrING [7] 104 UK Cough lasting >3 weeks Study addressing item generation of a
PROM (Leicester Cough Questionnaire)
Cawmpi [25] 1204 Italy Cough lasting >8 weeks Cross-sectional study
CHAMBERLAIN [26] 1120 UK, Germany, France, Italy, Poland, Cough lasting >8 weeks Cross-sectional study
Russia, Ukraine, Latvia, Lithuania,
Moldova, Romania, Bulgaria, Turkey,
Greece, Czech Republic, Austria,
Switzerland, Spain, Portugal, Ireland,
Iceland, Norway, Sweden, Belgium,
Netherlands, Denmark, Cyprus,
Luxembourg
CHaN [27] 55 Australia Cough lasting >8 weeks Cross-sectional study
CHENG [28] 176 Canada NR Cross-sectional study
Govak [29] 14740 Denmark Cough lasting >8 weeks Prospective cohort study
Govak [30] 14669 Denmark Cough lasting >8 weeks Prospective cohort study
CornForp [31] 30 USA Cough lasting >3 weeks and Qualitative study
who consulted due to cough
as the primary illness
CrawrorD [32] 41 Germany, Spain, France, Japan, USA Daily cough and sputum Study addressing item generation of a
production >3 months PROM (Cough and Sputum
Assessment Questionnaire)
DEcALMER [33] 62 UK Cough lasting >8 weeks Cross-sectional study
EvereTT [34] 373 UK NR Cross-sectional study
EvererT [35] 47 UK Demonstrable abnormality of Cross-sectional study
oesophageal manometry or
PH monitoring or both
FaruQi [36] 86 UK, USA, Japan, Germany NA Qualitative study
Faruar [37] 25 UK Cough lasting >6 months Prospective cohort study
Forp [38] 3883 UK Cough lasting >8 weeks Cross-sectional study
FrencH [39] 80 USA Cough lasting >8 weeks Prospective cohort study
FrencH [40] 39 USA Cough lasting >3 weeks Prospective cohort study; study
addressing item generation of a PROM
(Cough-Specific Quality of Life
Questionnaire)
Fuusimura [41] 1000 Japan Cough lasting >8 weeks Qualitative study
Hitton [42] 100 UK Cough lasting >8 weeks Cross-sectional study
Hsu [14] 47 UK Cough lasting >6 months Study addressing item generation of a
PROM (Cough Symptom Score)
Huwme [43] 14 UK Cough lasting >8 weeks Qualitative study
Kane [44] 447 Korea Cough lasting >8 weeks Cross-sectional study
KeLsaLL [45] 62 UK Cough lasting >8 weeks Cross-sectional study
KEeLsALL [46] 70 UK Cough lasting >8 weeks Cross-sectional study
Koo [10] 401 Korea Cough lasting >8 weeks Study addressing item generation of a
PROM (Cough Assessment Test)
KoskeLa [47] 3697 Finland Cough lasting >8 weeks Cross-sectional study
KoskeLa [48] 3695 Finland Cough lasting >8 weeks Cross-sectional study
Kuznair [49] 136 USA Cough lasting >3 weeks Cross-sectional study
Lai [50] 1162 China Cough lasting >8 weeks Cross-sectional study
Lan [51] 164 Australia Cough lasting >8 weeks Cross-sectional study
LanoT [52] 41545 Denmark Cough lasting >8 weeks Prospective cohort study
Latm [53] 3673 Finland Cough lasting >8 weeks Cross-sectional study
Lee [54] 49 UK Cough lasting >8 weeks Cross-sectional study
Lee [55] 100 UK Cough lasting >8 weeks Cross-sectional study
Lee [56] 32 UK Cough lasting >8 weeks Cross-sectional study
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First author [ref.] Total Country Definition of chronic cough Study type
sample
size

Ma [57] 200 China Cough lasting >8 weeks Prospective cohort study

MeLto [58] 88 USA Cough lasting >3 weeks Cross-sectional study

Morice [59] 255 UK Cough lasting >8 weeks Study addressing item generation of a

PROM (Hull Airway Reflux
Questionnaire)

Murry [60] 16 USA NR Retrospective cohort study

Ouoo [61] 112 UK Cough lasting >8 weeks Prospective cohort study

OzeE [62] 165 Turkey Cough lasting >4 weeks Cross-sectional study

Sato [63] 129 Japan NR Cross-sectional study

SHARIAT [64] 360 USA NR Cross-sectional study

SHEMBEL [65] 365 USA Cough lasting >8 weeks Study addressing item generation of a
PROM (Cough Severity Index)

SINHA [66] 223 UK Cough lasting >8 weeks Qualitative study

SmiTH [67] 26 UK CSS daytime cough score >2 Cross-sectional study

SonG [68] 857 Korea Cough lasting >12 weeks Cross-sectional analysis of a

prospective cohort study
TERNESTEN-HASSEUS 121 Sweden Cough lasting >8 weeks Cross-sectional study
(69]
VAN DE KERKHOVE 51 Belgium Cough lasting >8 weeks Prospective cohort study
[70]

Vazquez [71] 1422 USA Cough lasting >2 years Prospective cohort study

VERNON [16] 22 USA Cough lasting >8 weeks Qualitative study

VERNON [15] 39 USA Cough lasting >8 weeks Study addressing item generation of a
PROM (Cough Severity Diary)

VERTIGAN [72] 38 Australia Cough lasting >8 weeks Study addressing item generation of a
PROM (Newcastle Laryngeal

Hypersensitivity Questionnaire)

VErTIGAN [73] 171 Australia Cough lasting >8 weeks Cross-sectional study

VERTIGAN [74] 171 Australia Cough lasting >8 weeks Cross-sectional study

VERTIGAN [75] 53 Australia Cough lasting >8 weeks Cross-sectional study

Won [76] 478 Korea Cough lasting >8 weeks Cross-sectional study

Xu [77] 87 China Cough lasting >8 weeks Retrospective cohort study

ZHAN [11] 237 China Cough lasting >8 weeks Study addressing item generation of a

PROM (Cough Evaluation Test)

NR: not reported; NA: not available; CSS: Cough Symptom Score; PROM: patient-reported outcome measurement.

Questionnaire [59], LCQ [7], Newcastle Laryngeal Hypersensitivity Questionnaire [72], and Punum Ladder
[39, 78]. Supplementary table 3 lists the characteristics of these PROMs.

Saturation of the taxonomy
A taxonomy of potential items and domains was largely established after the first 20 studies. Few
additional items or domains were added to the taxonomy when extracting the remaining 41 studies.

Item identification

From included studies, reviewers identified a total of 82 items. Each candidate item was carefully reviewed
by the steering group for eligibility. Items judged ineligible on review included: those that represented
objective physiologic measurements (i.e. compressive phase duration, oesophageal pressure, expiratory
muscle activation, gastric pressure, and peak cough flow) rather than subjective measurements of cough
intensity; conditions rather than symptoms associated with coughing (i.e. cardiac rhythm disturbance and
subconjunctival haemorrhage); vague descriptions (i.e. worsening cough, character of cough); or concepts
unrelated to cough severity (i.e. interference, disturbance, cough triggers, haemoptysis). Items referring to
synonymous concepts (i.e. shortness of breath, dyspnoea, and breathlessness) were grouped into a single
item. This resulted in 43 unique items reflected in our final taxonomy (table 3).
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TABLE 2 Characteristics of patients in included studies

First author Total Sample Type of Age Female Never Current Former Smoking Causes of Duration of
[ref.] sample size of care/ (years) (%) smoker  smoker smoker pack history chronic cough chronic cough
size patients sample (%) (%) (%) (pack-years) (%)
with type
chronic
cough
Avaws [24] 3960 812 Other; NR NR NR NR NR NR 13.5 (asthma), 7.3 (CB), NR
general 1.3 (emphysema)
population
BalARDINI [8]# 166 166 Secondary/ 53.9 56.0 34.3 39.8 25.9 NR NR 25 months
tertiary (sp: 9 months)
BirrinG [7]" 104 104 Secondary/  57.0 62.5 NR NR NR NR 100 (UCC) 65 months (range:
tertiary 2.6-650 months)
Cawmpi [25] 1204 1204 Secondary/ 61.0 70.4 61.1 8.6 29.0 NR 1.74 (COPD) 39 months
tertiary
CHAMBERLAIN [26] 1120 1120 Other; 51.0 67.0 NR 16.5 NR NR 11.88 (asthma), 7.14 (GORD), 26-65 months (range:
general 3.57 (PND), 8.75 (bronchitis), 2 months to 10+ years)
population 4.38 (COPD), 3.84 (viral infection),
2.41 (cough hypersensitivity
syndrome), 0.89 (laryngitis),
1.96 (allergy), other
CHAN [27] 55 18 NR 53.0 32.7 100.0 0.0 0.0 NR 100 (sleep disordered breathing, no 67% (<8 weeks),
known respiratory cause of cough) 33% (>8 weeks)
CHenG [28] 176 NR Secondary/ 64.3 56.8 NR 2.8 59.7 8.17 15.91 (ACEi), 76.70 (GORD), 11.93 36.5 months
tertiary (chronic sinus disease), 28.98
(chronic heart disease), 19.32
(non-ILD chronic lung disease)
Govak [29] 14740 554 Other; 58.2 54.5 45.6 10.4 43.1 14.87 12.64 (asthma), 87.36 (other) NR
general
population
Govak [30] 14669 554 Other; 58.2 55.1 46.0 10.5 43.5 NR 2.53 (asthma), NR
general 0.18 (bronchiectasis),
population 2.89 (GORD), 1.26 (UACS)
CornForD [31] 30 30 Primary 48.0 NR NR NR NR NR NR NR
Crawrorp [32]" 41 NR NR NR NR NR NR NR NR 100 (CB) NR
DecaLmer [33] 62 62 Secondary/ 54.9 62.9 NR 0.0 37.1 NR 53.23 (GORD), 12.9 (PND), 71.5 months (range:
tertiary 9.68 (asthma), 3.23 (EB), 13-390 months)
3.23 (bronchiectasis),
3.23 (tracheopathia
osteochondroplastica)
EvereTT [34] 373 373 Primary/ 65.3 73.0 NR 2.1 40.8 8 24 (asthma), 66 (no respiratory 84.5 months (range:
secondary/ diagnosis other than cough) 0.63-949 months)
tertiary
EvereTT [35] 47 47 Secondary/ 54.3 55.3 NR NR NR NR 100 (GORD) NR
tertiary

Continued
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TABLE 2 Continued

First author Total Sample Type of Age Female  Never  Current Former Smoking Causes of Duration of
[ref.] sample size of care/ (years) (%) smoker  smoker smoker pack history chronic cough chronic cough
size patients sample (%) (%) (%) (pack-years) (%)
with type
chronic
cough
FaruqQi [36] 86 NA NA NA NA NA NA NA NA NA NA
Faruql [37] 25 25 Secondary/ 54.0 60.0 0.0 NR NR NR NR 130 months
tertiary
Forp [38] 3883 481 Primary 40-49 56.1 NR 21.7 NR NR NR NR
French [39] 80 80 Secondary/ 58.5 68.8 97.5 NR NR NR 86.3 (GORD), 72.5 (UACS), 27.5 86 months
tertiary (asthma), 5.0 (drug induced), (sp: 123.7 months)
3.8 (bronchiectasis),
3.8 (postinfectious), 2.5 (NAEB),
2.5 (COPD), 2.5 (laryngeal sensory
neuropathy), 1.3 (CHF),
1.3 (bronchiolitis), 1.3 (infiltrate),
1.3 (suppurative airway infection),
1.3 (vocal cord dysfunction), 1.3 (ILD)
FrRencH [40] 39 39 Secondary/ 54.0 82.1 NR NR NR NR 40 (PND), 36 (GORD) 15 (asthma), 56 months
tertiary 3 (bronchiectasis), 3 (pertussis), (sp: 63 months)
3 (other)
FuJimura [41] 1000 232 Other; 55.3 38.2 41.6 22.2 36.1 566 10.1 (cold), 18.5 (asthma), 3.8 weeks
general 7.6 (CB), 6.7 (CVA), 5.9 (GORD),
population sinusitis, 6.7 (pulmonary
emphysema), pneumonia, atopic
cough, lung cancer, COPD,
17.6 (CB), 15.1 (unknown)
HiLton [42] 100 100 Secondary/ 60.0 71.0 NR 0.0 NR NR NR 91 (IQR:
tertiary 52-195 months)
Hsu [14] 47 14 Secondary/ 49.1 57.1 NR NR NR NR 14.29 (GORD), 21.43 (PND due to 81.65 months
tertiary paranasal sinusitis or rhinosinusitis), (sp: 79.3 months)
4 (responsive to inhaled steroid
therapy, no wheeze or shortness of
breath), 5 (UCC)
Hulme [43] 14 14 Secondary/ 58.9 85.7 NR NR NR NR 100 (CRC) 82.94 months
tertiary (sp: 61.49 months)
Kang [44] 447 447 Secondary/ 55.1 67.1 73.6 8.3 18.1 NR 8.72 (UCC) 46% (2-6 months),
tertiary 14.09% (6-12 months),
21.72% (1-5 years),
18.19% (>5 years)
KeLsALL [45] 62 62 Secondary/ 56.8 69.4 NR 0.0 NR NR 32.26 (GORD), 37.10 (rhinosinusitis), 42.9 months (IQR:
tertiary 6.45 (asthma), 8.06 (EB), 6.45 26-130 months)

(bronchiectasis), 29.03 (UCC)
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TABLE 2 Continued

First author Total Sample Type of Age Female  Never  Current Former Smoking Causes of Duration of
[ref.] sample size of care/ (years) (%) smoker  smoker smoker pack history chronic cough chronic cough
size patients sample (%) (%) (%) (pack-years) (%)
with type
chronic
cough
KELsALL [46] 70 70 Secondary/ 55.0 72.9 100.0 0.0 0 (stopped NR 100 (UCQ) 62.4 months (IQR:
tertiary <6 months) 32.5-131.3 months)
Koo [lO]§ 401 401 Secondary/ 48.4 61.1 NR NR NR NR 0 (ILD), 0 (COPD), 0 (asthma), NR
tertiary 0 (severe bronchiectasis),
0 (lung cancer)
KoskeLA [47] 3697 976 Other; 47.8 82.6 NR 6.9 314 6.38 NR 57% (>13 months),
general 26% (>65 months)
population
KoskEeLa [48] 3695 975 Other; 47.8 82.6 NR 314 NR NR 10.25 (asthma), 15.66 (chronic 13.85% (2-12 months),
general rhinosinusitis), 12.59 (GORD) 86.15% (3-8 weeks)
population
Kuznar [49] 136 136 Secondary/ 63.0 65.4 63.2 3.7 33.1 NR 64.71 (rhinitis or sinusitis), 18 months (IQR:
tertiary 36.03 (GORD), 16.18 (asthma), 6-48 months)
6.62 (bronchitis), 6.62 (ILD),
5.88 (postinfectious),
4.41 (bronchiectasis), 1.47 (ACEi),
6.62 (others)
Lai [50] 1162 1162 Secondary/ 42.6 55.4 100.0 0.0 0.0 NR 22.29 (EB), 19.10 (CVA), 27.07 months
tertiary 12.48 (GORD), 7.31 (UACS),
38.81 (other)
Lan [51] 164 118 Secondary/ 69.0 47.0 41.5 9.2 49.4 25.07 61.02 (GORD), 16.95 (ACEi), 89.7 months
tertiary 12.71 (asthma), 12.71 (UACS), (sp: 123.5 months)
9.32 (infection)
LanoT [52] 41545 2381 Other; 59.9 55.4 45.8 115 42.5 13.55 50.22 (COPD), 49.78 (other) NR
general
population
LitT [53] 3673 957 Other; 47.8 82.6 NR 6.9 314 6.41 15.51 (chronic rhinosinusitis), 5.42% (<3 weeks),
general 11.69 (asthma), 12.59 (GORD) 3.43% (3-8 weeks),
population 7.27% (>8 weeks)
Lee [54] 49 28 Secondary/ 54.8 55.1 NR 0.0 NR NR 21 (asthma), 14 (GORD), 41.5 months
tertiary 7 (postinfectious disease),
4 (rhinitis), 4 (EB), 4 (OSA),
4 (bronchiectasis), 43 (UCC)
Lee [55] 100 100 Secondary/ 54.0 57.0 80.0 5.0 15.0 NR 24 (asthma), 7 (EB), 9 (rhinitis), 40 months
tertiary 3 (GORD), 29 (UCC), 7 (postviral
cough), 6 (sarcoidosis), 8 (ILD),
2 (OSA), 2 (bronchiectasis),
1 (CB), 1 (ACEi), 1 (postinfective)
Continued

M3IINTY AHOLVYIdSIY NVY3Id0odN3

¥ 13 WNY 3 | HO9NOD



T20Z-¥0T0'LT90009T/E8TT 0T/340"10p//:sdny

0T

TABLE 2 Continued

First author Total Sample Type of Age Female Never Current Former Smoking Causes of Duration of
[ref.] sample size of care/ (years) (%) smoker  smoker smoker pack history chronic cough chronic cough
size patients sample (%) (%) (%) (pack-years) (%)
with type
chronic
cough
Lee [56] 32 17 Secondary/ 51.3 59.4 100.0 0.0 0.0 NR 24 (asthma), 24 (GORD), 6 (EB), 34 months (range:
tertiary 6 (post-infectious), 24-85 months)
6 (bronchiectasis), 35 (UCC)
Ma [57] 200 110 Secondary/ 47.0 62.0 100.0 0.0 0.0 NR 9.09 (UACS), 49.09 (CVA), 5.45 9 months (range:
tertiary (GORD), 9.09 (NAEB), 8.18 (post virus 2-360 months)
cough), 9.09 (two causes), 10 (other)
MEeLLo [58] 88 88 Secondary/  53.1 72.7 99.4 NR NR NR 40 (GORD), 38 (PND), 85.8 months
tertiary 14 (asthma), 4 (bronchiectasis), (sp: 127.4 months)
4 (other)
MoRice [59]§ 255 185 Secondary/ 60.8 63.1 NR NR NR NR NR NR
tertiary
Murry [60] 16 16 NR 29-69 NR NR NR NR NR 100 (GORD, laryngopharyngeal 8.4 months
reflux, and concurrent paradoxical (sp: 5.3 months)
vocal fold movement)
0Joo [61] 112 112 Secondary/ 56.2 65.2 53.6 5.4 41.1 NR 29.35 (reflux related cough), 39 months (range:
tertiary 21.74 (asthma), 11.96 (rhinitis), 3.25-832 months)
4.35 (post-infective), 11.96 (multiple
causes), 7.61 (UCC), 13.04 (other)
OzaE [62] 165 NR Secondary/ 43.3 58.2 41.2 38.2 20.6 NR 25.6 (asthma), 18 (PND), 46.5 months
tertiary 21 (sinusitis), 35.6 (CB) (so: 9.6 months)
Saro [63] 129 129 Secondary/ 68.5 40.9 NR 7.8 NR 23.0 54.26 (idiopathic interstitial NR
tertiary pneumonias), 37.98 (connective
tissue disease-associated ILD),
7.75 (chronic hypersensitivity
pneumonitis)
SHARIAT [64] 360 263 Secondary/ 39.4 100.0 NR NR NR NR NR 260 months of chest
tertiary symptoms (range:
6.5-793 months)
SHEMBEL [65] 365 345 Secondary/ 53.7 84.7 NR NR NR NR 100 (UACS) NR
tertiary
SINHA [66] 223 NR NR NR NR NR NR NR NR NR NR
SmitH [67] 26 26 Secondary/ 68.7 NR NR 0.0 NR 42.4 100 (COPD) 117 months (range:
tertiary 26-936 months)
Son [68] 857 37 Other; 76.8 57.0 62.2 12.2 25.5 NR 16.2 (asthma), 13.5 (allergic rhinitis), NR
general 2.8 (GORD)
population
TERNESTEN- 121 62 Secondary/ 53.6 64.5 61.3 0.0 38.7 NR 100 (UCC) 137.8 months
Hasseus [69] tertiary (sp: 130 months)
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First author Total Sample Type of Age Female Never Current Former Smoking Causes of Duration of
[ref.] sample size of care/ (years) (%) smoker  smoker smoker pack history chronic cough chronic cough
size patients sample (%) (%) (%) (pack-years) (%)
with type
chronic
cough
VAN DE KERKHOVE 51 51 Secondary/ NA 80.4 NR NR NR NR 100 (UCC) 48 months (IQR:
[70] tertiary 2-192 months)
VAzQuez [71] 1422 552 NR 54.8 76.6 NR 61.7 NR 37.59 100 (COPD) 28.13% (3 months to
2 years), 10.69%
(>2 years)
VERNON [16] 22 22 Secondary/ 66.1 7.7 NR NR NR NR 31.82 (GORD), 22.73 (asthma), 100% (>8 weeks),
tertiary 18.18 (bronchitis), 18.18 (PND), 81.8% (>52 weeks)
irritant exposure, post-infectious
cough, mild COPD
VERNON [15] 39 24 Primary 44.1 71.8 NR 0.0 NR NR 20.83 (asthma), 20.83 (GORD), 38.46% (3 weeks to
8.33 (irritable larynx), 12.5 (irritant 2 months),
exposure), 25 (PND), 17.95% (2—-6 months),
8.33 (other), 50 (unknown) 10.26% (6-12 months),
30.77% (>1 year)
VerTican [72]° 38 11 Secondary/ 56.1 77.0 NR 11.0 NR NR 49 (reflux), 29 (asthma), NR
tertiary 17 (rhinitis)
VERTIGAN [73] 171 111 Secondary/ 53.3 76.6 NR NR NR NR 50.45 (CRC), 49.55 (CRC/paradoxical NR
tertiary vocal fold movement)
VERTIGAN [74] 171 111 Secondary/ 56.4 76.6 NR 35 NR NR 55 (GORD), 18 (asthma), NR
tertiary 49 (PND), 35 (allergies)
VERTIGAN [75] 53 53 Secondary/ 60.0 66.0 100.0 0.0 0.0 NR 100 (CRC) 59 months
tertiary
Won [76] 478 478 Secondary/ 55.1 68.4 74.7 7.7 17.7 NR 12.97 (UCC), 87.03 (chronic cough 44% (8-24 weeks),
tertiary with unspecified underlying 13.8% (2448 weeks),
condition) 21.6% (52—269 weeks),
20.6% (>260 weeks)
Xu [77] 87 87 Secondary/ 45.1 55.2 NR NR NR NR 100 (GORD) 8.28 months
tertiary (sp: 30.83 months)
Zuan [11]° 237 237 Secondary/ 40.4 54.0 NR NR NR NR NR 43 months
tertiary (sp: 77.3 months)

NR: not reported; CB: chronic bronchitis; UCC: unexplained chronic cough; GORD: gastro-oesophageal reflux disease; PND: post-nasal drip; ACEi: angiotensin-converting-enzyme inhibitor use; ILD:
interstitial lung disease; UACS: upper airway cough syndrome; EB: eosinophilic bronchitis; NA: not applicable; NAEB: non-asthmatic eosinophilic bronchitis; CHF: chronic heart failure; CVA:
cough-variant asthma; CRC: chronic refractory cough; OSA: obstructive sleep apnoea. *: item generation and reduction sample; : item reduction and validation sample; *: item generation

sample; 5 validation sample.
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EUROPEAN RESPIRATORY REVIEW

COUGH | E. KUM ETAL.

Concept elicitation from included studies

Through iterative discussion of the taxonomy with the steering group, both the urge-to-cough sensation
(noted in 31 studies) and the cough symptom itself (noted in 58 studies) emerged as broad domains of
cough severity under which eligible items were classified (table 3 and figure 2).

Urge-to-cough sensation

Regarding the urge-to-cough sensation, we identified two subdomains that mediate its impact: urge
frequency (n=5) and intensity (n=6) (table 3 and figure 2). Urge-to-cough sensations, commonly described
as an “irritation” (n=8) or “tickle” (n=9) within the throat or chest region, can precede a cough. Patients
who experience urge-to-cough sensations frequently report that the urge almost always leads to coughing,
although not all coughs are preceded by an urge [42]. Patients described the urge-to-cough as being linked
to how frequently one coughs and whether one is able to control their cough: “Well I think the more you
try and like think ‘Don’t let the tickle ... don’t let the tickle bother you and don’t cough’, sometimes the
tickle comes like to a point where you just can’t stop it” [43]. Thus, the frequency and intensity of
urge-to-cough sensations may be related to the subjective experience of coughing and therefore relevant in
assessing cough severity. Both urge frequency and intensity were characterised as single-item subdomains
(table 3).

Cough symptoms

The study team identified five subdomains for assessing severity of the cough symptom itself: control
(n=10), frequency (n=33), fit/bout duration (n=4), intensity (n=17), and associated features/sequelae (n=44)
(table 3 and figure 2).

Cough control refers to the ability, or lack thereof, to voluntarily or involuntarily suppress a cough from
starting or once started. Because it captured whether coughing was a conscious act or an uncontrollable,
involuntary reflex, the study team characterised cough control as a separate subdomain from cough
frequency (table 3 and figure 2). Some patients described voluntarily coughing to clear mucus, “something
stuck”, or in response to an irritating urge in the throat; other patients described uncontrollable bouts of
coughing that are highly unpleasant. Suppression of cough from starting (n=3) or once started (n=3)
represented two items under the domain cough control that the study team identified.

Cough frequency represented another subdomain in assessing cough severity (table 3 and figure 2).
In some studies, cough frequency referred to the frequency of any coughs (individual or bouts of
coughing; n=28); other studies referred to the frequency of bouts (n=12). Suggested periods to assess
cough frequency included overall (throughout the day and night; n=28), during the day (n=14), during the
night (n=21), in the morning (n=6), and prandial or postprandial (n=8). Studies identified that the
frequency of coughing may be variable depending on the time of day (i.e. less frequent at night versus
during the day), and that timing dictated various cough impacts to quality of life, such as daytime activities
or sleep disruption. Thus, the study team captured six candidate items under the domain frequency:
1) frequency of any coughs (assessed day and night); 2) frequency of coughs during the day; 3) frequency
of coughs during the night; 4) frequency of coughs in the morning; 5) frequency of coughs in the prandial/
postprandial period; and 6) frequency of bouts.

The study team identified duration of bouts as a subdomain of cough severity (table 3 and figure 2). The
team defined a bout as a prolonged series of explosive phases of coughing, either after a single breath or
with several breaths interspersed [79]. Patients may describe greater cough severity when they occur in
bouts, potentially as they are “less controllable” and involve greater amounts of “effort”: “... [a bout is]
one of those that goes on and on and on and I think ‘T can’t do with that, it’s tired me out’ ... you know
drained” [43]. Further, longer bouts of coughing may lead to a higher frequency and intensity of adverse
sequelae: “To me that strikes me as always a very serious bout of coughing, because obviously, oxygen
wasn’t getting where it was supposed to be getting. Um, and I find this is freaky, especially if you’re
driving, you know, and you’re coughing, and all of a sudden you’re dizzy” [16]. Therefore, the frequency
of bouts, along with the duration of each bout, is likely to influence cough severity. The team characterised
duration of bouts as a single-item subdomain.

The study team identified cough intensity as another subdomain (table 3 and figure 2). Single-word
descriptions of cough intensity provided seven items under this subdomain, including harsh (n=2), deep
(n=2), hacking (n=2), barking (n=1), honking (n=1), strong (n=2), and intense (n=1). The team also
classified patients’ description of the effort to cough (n=6), defined as the physical effort to expectorate an
urge, as another item under intensity.
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T20Z-¥0T0'LT90009T/E8TT 0T/340"10p//:sdny

€T

TABLE 3 Domains and items related to measurement of cough severity in adult patients with chronic cough

Domain, n

Subdomain, n

Item, n

Example phrases

Urge-to-cough (n=31):
sensations (i.e.
laryngeal, chest) that
can lead to cough

Cough (n=58)

Urge frequency
(n=5)

Urge intensity
(n=6)

Cough control
(n=10)

Urge frequency
(n=5)

Urge intensity
(n=6)

Cough control to
prevent a cough
from starting
(n=3)

Cough control
once a cough has
started (n=3)

“Although technically not a “cough” as defined medically, patients considered this sensation (urge) an inseparable part of
the cough experience indicating it should be a component of an evaluation tool.”

“The most common descriptions were abnormal sensation in the throat, phlegm and mucus in the throat, tickle and
irritation in the throat and a tickle in the throat. The median response for abnormal sensation, phlegm and irritation was
3.0 [on a scale of 1=all of the time to 7=none of the time] which indicates that the majority of patients rated that item
occurring at least a good bit of the time.”

“There was infrequent occurrence of pushing on the chest, pressing on the throat, food catching, itch and tingle. The
majority of these participants rated these items between 4.0 and 7.0 ranging from some of the time to none of the time.”

“How much warning do you get before you cough?
1=None, 2=0Occasionally, 3=Frequently”

“Meanwhile, a study of urge to cough and associated somatic sensations in 100 unselected patients with chronic cough
attending a specialist clinic in UK found that 91% always cough in response to urge to cough and that the urge to cough
was frequently associated with abnormal throat sensations such as irritation (86%) and tickling (73%).”

“Sometimes | can’t sleep at all night. | have to get up and go get in a chair, because whatever is coming out of my head or
my throat is sitting in this bronchial tube down there, and it’s messing up everything.”

“In the last 2 weeks...l have been annoyed by an irritation, such as a tickle or itch in my throat.”

“Well | think the more you try and like think ‘Don’t let the tickle ... don’t let the tickle bother you and don’t cough’,
sometimes the tickle comes like to a point where you just can’t stop it.”

“People with chronic cough may cough deliberately in response to a sensation in the throat even though referred for
behavioural management of cough. The issue, in these cases, is the perception of a throat sensation rather than the actual
cough.”

“And that then trickles down here, and then | cough like the devil... | get-it sticks here, great big chunks of it will stick
here-can’t get it out.”

“Congestion in throat (as though something “fuzzy” there that needs to be swallowed) and chest. Need to clear throat to get
rid of it.”

“People with chronic cough may cough deliberately in response to a sensation in the throat even though referred for
behavioural management of cough.”

“It is hypothesised that warning before the cough characterised by irritation in the throat or a strangulating sensation is an
important precursor to controlling the cough and that if people can anticipate that a cough is about to occur they can be
taught strategies to inhibit the cough before it starts.”

“Do you cough deliberately to clear something from your throat?
1=None, 2=Occasionally, 3=Frequently”

“The majority of respondents (63%) were unable to suppress their cough.”

“The final cough was absolutely — absolutely retched and, ugh, | think was XXXXX who mentioned embarrassed. Ugh, | had a
lot of — | had a number of meetings that | — that | had to go to and, uh, | couldn’t stop coughing in those things.”

“An uncontrolled cough is very unpleasant for the patient.”

“The cough controlled me, | had no control at all over when | coughed, how often | coughed, how strong the cough was ... it
got to the point where ... | didn’t even want to go out to get my shopping.”

Continued
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TABLE 3 Continued

Domain, n Subdomain, n Item, n Example phrases
Cough frequency Overall “How often does the current cough bother you? 1. Every day more than once a day, 2. Every day at least once a day, 3. Four
(n=33) frequency, to six days a week, 4. Two to three days a week, 5. At least once a week, 6. Less than once a week.”
defined as “The cough controlled me, | had no control at all over when | coughed, how often | coughed.”

frequency of
single coughs
and fits/bouts
(n=28)
Daytime
frequency (n=14)

Night-time
frequency (n=21)

Morning
frequency (n=6)
Prandial/
postprandial
frequency (n=8)
Fit/bout
frequency (n=12)

“I’m not coughing at all and, you know, it could be months before | get another cough, but when | get a cough, the frequency is
close to ten and how bad it is can be a ten.”

“Which of the following best describes the pattern of coughing?
1=cough occurs in bouts, 2=cough occurs continuously throughout the day, 3=other (please specify)”

“Counting the recordings in hourly segments allowed for a diurnal cough profile to be produced and this has been presented
as three diurnal phases (figure 2). The mean cough scores for the nocturnal phase was significantly lower (p<0.001) than
the daytime or early evening phases.”

“Numerical Cough Scoring System
Day: 0=no cough during the day, 1=cough for one short period, 2=cough for >two short periods, 3=frequent coughing that
did not interfere with usual daytime activities, 4=frequent coughing that did interfere with usual daytime activities,
5=distressing cough most of the day.”

“Counting the recordings in hourly segments allowed for a diurnal cough profile to be produced and this has been presented
as three diurnal phases. The mean cough scores for the nocturnal phase was significantly lower (p<0.001) than the
daytime or early evening phases.”

“For me it’s not being able to sleep, you know, just waking up coughing, coughing, and coughing.”

“...I cough a lot when | go to bed. | lay down, and | find that makes me cough a lot.”

“Has the cough disturbed your sleep in the previous 2 weeks? All the time, most of the time, part of the time, a small part of
the time, almost never, never.”

“A cluster of factors developed as the most indicative for estimating the practical and emotional impact that chronic cough
has on patients’ quality of life and included: high cough frequency, presence (and frequency) of nocturnal coughing, ...”

“Uh, yes, uh, | wake up at least by midnight and have a series of coughs and then about 3:00.”

“Numerical Cough Scoring System
Night: 0=no cough during the night, 1=cough on waking only, 2=wake once or early because of cough, 3=frequent waking
because of cough, 4=frequent cough most of the night, 5=distressing cough most of the night.”

“Cough symptoms: how much did you cough in the morning? (in the past 7 days, range from never to always)”

“Some of the participants reported that they experience more frequent coughing in the morning...”

“I cough after | drink or eat.”

“Cough on eating
Percentage of patients with the symptom: 74.4”

“Cough bout frequency (median, range)

Participants without repetitive doctor’s consultations due to cough, n=840: daily (less than weekly to several times a day)
Participants with repetitive doctor’s consultations due to cough, n=135: several times a day (less than weekly to several
times a day)

p value: <0.001”

“In the last 2 weeks...| have had coughing bouts.”

“In the last 2 weeks, how many times a day have you had coughing bouts?
1=all the time (continuously), 2=most times during the day, 3=several times during the day, 4=some times during the day,
5=occasionally through the day, 6=rarely, 7=none.”

Continued
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Domain, n Subdomain, n Item, n

TABLE 3 Continued

Example phrases

Fit/bout duration  Fit/bout duration
(n=4) (n=4)

Intensity (n=17)

Effort to cough
(n=6)

Harshness of
cough (n=2)
Deepness of
cough (n=2)
Hacking due to
cough (n=2)
Barking due to
cough (n=1)
Honking due to
cough (n=1)
Strong cough
(n=2)
Intense cough
(n=1)

“Paroxysms of coughing, which were extended bouts of individual coughs and that were described as less controllable than
a single cough, were also a component of frequency.”

“Quantification in terms of epochs (frequency) effectively ignored epoch length; the poorer correlations with cough quality of
life and VAS imply that epoch length was important to patients.”

“Patients’ perceptions of the severity of their cough remain important and may not correlate [with cough frequency] for a
number of reasons, including changes in cough intensity.”

“It sticks here, great big chunks of it will stick here-can’t get it out. And | cough, and cough, and cough, and then if you go
to a restaurant and start coughing, they throw you out.”

“Difficulty to expectorate.”

“Sputum symptoms: how difficult was it for you to bring up phlegm? (in the past 7 days, ranging from “not at all” to “a lot/
extremely”)”

“In the last 2 weeks...| have found it difficult to cough up phlegm (sputum)”

“This physical effort [of coughing] was associated with a range of [adverse] symptoms.”

“Patients described the physicality of the cough and described the sheer effort a “fit” took.”

“Intensity of coughing was described in terms of how ‘deep,’ ‘hard,” or ‘harsh,” the coughing was.”

“...it was a really deep hacking, not just an ordinary sort of cough, very deep, you know, from your chest.”

“Mine is very hacking, and it’s not intense or deep, and nothing comes up. It’s not productive.... It’s dry hacking.”
“Character of cough: Barking - having a sound quality similar to that of a dog’s bark.”

“Character of cough: Honking - sounding like the honk of a Canadian wild goose.”

“I' had no control at all over when | coughed, how often | coughed, how strong the cough was.”

“Mine is very hacking, and it’s not intense or deep.”

“I have it under control with the medication, but I still get some fits that usually last five minutes, and they’re rather intense,
uh, in coughing.”

Experiences while coughing that are associated with intensity

Associated Dizziness due to
features/sequelae cough (n=4)
(n=44)

Syncope due to
cough (n=6)
Wheeze due to
cough (n=13)
Dyspnoea/
shortness of
breath due to
cough (n=15)

“To me that strikes me as always a very serious bout of coughing, because obviously, oxygen wasn’t getting where it was
supposed to be getting. Um, and | find this is freaky, especially if you’re driving, you know, and your coughing, and all of a
sudden you’re dizzy.”

“| feel | may pass out because of my coughing.”

“Cough was commonly associated with other symptoms such as [...] wheeze (37%)...”
“Cough was commonly associated with other symptoms such as breathlessness (55%)...”

“This physical effort was associated with a range of symptoms [...]: It’s retching, it’s struggling for breath [...] It’s like sometimes
it’s working its way up to a crescendo until | am sick.”

Continued
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Item, n

TABLE 3 Continued

Example phrases

Incontinence due
to cough (n=15)

Tightness of
throat due to
cough (n=4)
Tightness of
chest due to
cough (n=5)
Distress due to
cough (n=3)

“In addition, cough resulted in disturbed sleep in 70%, sore throat in 45% and caused incontinence in 55% of women and
5% of men.”

“Incontinence
No problem: 77 (57% of chronic cough patients)
Small problem: 41 (30% of chronic cough patients)
Major problem: 18 (13% of chronic cough patients)”

“In the last 2 weeks...| have been incontinent of urine (wet my underwear) during coughing.”

“Sometimes | wet on myself | cough so hard and it makes my head hurt.”

“[He] coughed so hard that [...] now, | have incontinence [sic] so bad, that | have to urinate every hour.”

“[Cough] was the most important symptom in 31% of patients and up to 36% had reached the stage of retching, vomiting or
being incontinent during cough episodes.”

“| feel tightness in my throat when | am having a coughing problem.”

“Within the last month, how did the following problems affect you? (0=no problem and 5=severe/frequent problem) Chest
tightness when coughing”

“Finally, several studies reviewed included measures that assessed intensity of cough (e.g. distressing cough; chest/
abdominal pain).”

Immediate experiences after coughing that are associated with intensity depending on susceptibility

General pain due
to cough (n=6)
Rib pain or
fracture due to
cough (n=6)
Chest pain due
to cough (n=13)
Abdominal pain
due to cough
(n=6)

Back pain due to
cough (n=2)

Aches due to
cough (n=1)
Headache due to
cough (n=8)

“I’ve gotten to that point where I’m coughing, | mean, the diaphragm, the rib cage, umm, is painful.”

“Have you had chest or stomach pain due to cough in the last 2 weeks? All the time, most of the time, part of the time, a
small part of the time, almost never, never.”

“What are the following symptoms or ailments have you had in the last month? Chest pain during exertion, [...] back pain,

“Broken ribs, retching, chest pains, or hoarseness
No problem: 64 (47% of chronic cough patients)
Small problem: 47 (35% of chronic cough patients)
Major problem: 25 (18% of chronic cough patients)”

“In the last 2 weeks...l have had chest pain during coughing.”

“[He] coughed so hard that I have developed costacondritis [sic] (cracked rib cartilage) twice and ended up in the emergency
room, adding that now, | have incontinence [sic] so bad, that | have to urinate every hour.”

“Last year the cough was so severe | fractured two ribs.”

“I am at my wits end,” adding “my ribs and my back are very sore from all the coughing.”

“Spectrum and frequency of adverse occurrences before and after treatment in patients whose cough was eliminated

Achiness: before treatment (%): 21; after treatment (%): 0”

“Have you had stomach pain or headache as a result of cough? (not at all to extremely)”

“Sometimes | throw up a lot of mucus and | really cough a lot at night...Sometimes | wet on myself | cough so hard and it
makes my head hurt.”

“However transient, severe headache upon coughing [...] is defined as “cough headache”. Cough headache [is] considered to
be a form of exertional headache.”

Continued
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Item, n

TABLE 3 Continued

Example phrases

Sore throat due
to cough (n=3)
Tiredness/
exhaustion due
to cough effort
(n=15)
Voice change/
hoarseness due
to cough (n=15)

Retching/
vomiting due to
cough (n=12)

Expectoration of
phlegm, sputum,
or mucus (n=19)

Umbilical hernia
due to cough
(n=1)
Excessive
sweating due to
cough (n=1)
Watery eyes due
to cough (n=1)
Runny nose due
to cough (n=1)

“In addition, cough resulted in [...] sore throat in 45% [of patients].”

“...1 keep coughing, and that’s when your throat starts to hurt.”

“Cough was commonly associated with other symptoms such as feeling tired or drained (72%)...”

“Do you feel drained or tired due to your cough? Never, seldom, sometimes, often, always, NA”

“... one of those (coughs) that goes on and on and on and | think ‘I can’t do with that, it’s tired me out’ ... you know
drained.”

“I had one on a job interview, and by the time | was done trying to speak, | sounded like Minnie Mouse on speed. | was so
squeaky. But it (the cough) wouldn’t stop, just would not stop.”

“In the last 2 weeks, have you suffered from hoarseness due to coughing? All the time, most of the time, part of the time, a
small part of the time, almost never, never.”

“My coughing problem affects my voice”

“| am often hoarse because of my cough.”

“In the last 2 weeks, have you suffered from hoarseness due to coughing? 1. All the time, 2. Most of the time, 3. Most of the
time, 4. Part of the time, 5. A small part of the time, 6. Almost never, 7. Never.”

“] will cough, and cough, and cough, and cough until | basically have triggered, you know, trying to vomit in my stomach
kind of thing.”

“Intense coughing sometimes had broader physical effects including pain, discomfort, and vomiting.”

“...the minute he gets up he coughs until he vomits many times.”

“[Cough] was the most important symptom in 31% of patients and up to 36% had reached the stage of retching, vomiting or
being incontinent during cough episodes.”

“| stopped going to church because people look at me like | have something really bad. Sometimes | throw up a lot of
mucus...”

“During the previous 2 weeks, have you been disturbed by the increase in sputum during coughing? 1. Every time, 2. Most
often, 3. Often, 4. Sometimes, 5. From time to time, 6. Rarely, 7. Never.”

“Other cough complications were encountered in 25 patients. These were [...] umbilical hernia (6 patients, 3.6%)...”

“Spectrum and frequency of adverse occurrences before and after treatment in patients whose cough was eliminated
Excessive sweating: before treatment (%): 29; after treatment (%): 77

“This physical effort [of coughing] was associated with a range of symptoms including headache, eyes watering, pain,
syncope and incontinence.”
“It’s retching, it’s struggling for breath ... it’s vomiting ... Nose running, headaches with just the coughing.”

Data presented as n, i.e. number of studies endorsing the item or domain. NA: not applicable.
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Cough severity |
Urge-to-cough Cough
1
Laryngeal sensations
Chest sensations
Frequency Intensity Control Frequency Fit/bout Intensity Associated features/sequelae
duration
Frequency of The unpleasantness | |Ability to suppress| |Frequency of single Hacking Aches
urge-to-cough of the urge-to-cough| | a cough from coughs and Duration of | |Strong Chest tightness
sensations sensations starting fits/bouts fit/bouts Harsh Distress
Ability to suppress| | Fit/bout frequency: Intense Exhaustion
a cough once Daytime Deep Excessive sweating
started Night-time Barking Expectoration of mucus/phlegm
Morning Honking Dizziness
Prandial or Effort to cough Dyspnoea/shortness of breath
postprandial Headache
Incontinence

Pain (rib, chest, abdominal, back)
Retching/vomiting

Runny nose

Sore throat

Syncope

Throat tightness

Umbilical hernia

Voice change/hoarseness

Watery eyes

Wheeze

FIGURE 2 Conceptual framework of cough severity in patients with chronic cough.

Related to intensity, patients described symptoms that they experience during and immediately after
coughing. The study team classified this as a separate subdomain called associated features/sequalae of
coughing (table 3 and figure 2). Under this subdomain, eight items representing experiences while
coughing included dizziness (n=4), wheeze (n=13), syncope (n=6), dyspnoea or shortness of breath
(n=15), incontinence (n=15), distress (n=3), tightness of throat (n=4), and tightness of chest (n=5). The
team also identified sequalae of coughing, depending on patient susceptibility, as 16 other items under this
subdomain, including general pain (n=6), rib pain or fracture (n=6), chest pain (n=13), abdominal pain
(n=6), back pain (n=2), aches (n=1), headache (n=8), sore throat (n=3), exhaustion (n=15), voice change or
hoarseness (n=15), retching or vomiting (n=12), expectoration of mucus or phlegm (n=19), umbilical
hernia (n=1), excessive sweating (n=1), watery eyes (n=1), and runny nose (n=1).

Discussion

We report the first systematic survey synthesising items and domains of cough severity in patients with
refractory or unexplained chronic cough. The survey identified 82 potential items, of which 43 proved
unique and clearly related to cough severity. The study team categorised these final items under two broad
domains: the urge-to-cough sensation (two subdomains: urge frequency and intensity) and the cough
symptom itself (five subdomains: cough control, frequency, duration of bouts, intensity, and associated
features/sequelae).

Strengths and limitations

Our work follows established methodology and guidance for optimal development of PROMs [20].
A preliminary step in PROM development is to establish the measurement construct, a theoretically derived
notion of the domain(s) to be measured [18-20]. An understanding of the construct will lead to
expectations about how an instrument should behave if it is valid [19]. Therefore, the systematic survey
and conceptual framework in itself represent strengths in terms of development of a cough severity PROM.

Other strengths of our systematic survey include: 1) transparent eligibility criteria and rigorous methods for
systematic data abstraction; 2) flexibility in development of the taxonomy allowing incorporation of the
views of involved reviewers while abstracting; and 3) achieving a saturation effect (i.e. few new items/
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domains) after abstraction of approximately 20 eligible studies. It is therefore unlikely that we missed any
key items or domains. Inclusion of studies from different geographic and care settings ensured that items
and domains are likely to reflect experiences from a diversity of chronic cough patients. Furthermore,
development of our conceptual framework involved iterative discussion with a steering group of chronic
cough and health status measurement experts, thereby strengthening the clarity and face validity of our
framework.

Our survey, however, has limitations. The database search primarily focused on studies from the year 2007
onwards, although articles published before 2007 were still hand-searched and included if eligible. The
focus on more recent studies was based on developing conceptual insights relying on current, rather than
historical, patient experiences of cough severity. Because the study achieved saturation in the taxonomy, a
more exhaustive search would unlikely change the results.

The process of synthesising verbatim quotations to characterise items and domains introduced subjectivity,
as did the decisions regarding combining, reducing and separating of items. For example, a number of
statements addressed frequency of coughing during different periods of the day, and we labelled these
items as daytime frequency, night-time frequency, morning frequency and prandial/postprandial frequency.
Others may have classified these into fewer or greater items.

Findings in context of other studies

A study by VErNoN et al. [16] explored factors relevant to assessment of cough severity in a literature
review and a semi-structured focus group study. Their conceptual framework consisted of frequency,
intensity and disruption, and informed development of the CSD [15]. Our results are consistent with
several of the themes presented in their conceptual framework, although our survey identified additional
important concepts. Firstly, we identified both the frequency and intensity of the urge-to-cough sensation
as subdomains that should be assessed in measuring cough severity. The conceptual framework of the
CSD includes an item related to urge frequency, although assessment of urge intensity is not considered.

Secondly, our conceptual framework identifies cough control as a subdomain. Recent mechanistic studies
demonstrate that patients with refractory chronic cough have impaired ability to voluntarily suppress
coughing [80], but also provide evidence of impairment in the inhibitory control neurons that represent a
sub-conscious and involuntary process [81]. This distinction may be mechanistically relevant. Lack of
sub-conscious inhibitory control pathways intuitively seems more important in starting a cough, given that
healthy people do not consciously suppress their coughing throughout the day. In contrast, once a cough
has started, impaired voluntary suppression may perpetuate longer durations and bouts of coughing.

Functional brain magnetic resonance imaging also corroborates the relevance of central cortical pathways
in the conscious and sub-conscious control of coughing [82-84]. As speech therapy aims to increase
control of cough, the concept seems highly relevant in assessing the effectiveness of therapies. The
conceptual framework of the CSD does not identify this as a stand-alone concept, and few other
cough-specific PROMs have included cough control as a domain.

Thirdly, although we identified this as potentially relevant, the CSD does not consider duration of bouts in
their conceptual framework. In a study comparing objective and subjective measurements of cough,
investigators reported moderate correlation of frequency of cough epochs (bouts) with subjective quality of
life and cough severity VAS scores [46]. As the frequency of coughing bouts ignores the length of each
bout, the study suggested that duration of bouts may be an important factor in the perception of cough
severity that remains unaccounted for with objective bout frequency. Therefore, we have included duration
of bouts as a subdomain in our conceptual framework.

Although the CSD framework includes cough intensity, their conceptual framework is non-specific in
terms of the subcategories that comprise this domain. The authors identify harshness and physical
discomfort as comprising cough intensity. Our survey, however, identified 32 items describing intensity,
including the effort to cough, descriptors of coughing (i.e. strong, harsh, intense, deep, barking, honking),
and associated features/sequalae (i.e. chest pain, syncope, dizziness, hoarseness, sore throat) (figure 2).

Finally, the CSD framework identifies disruption to daytime activities and sleep as concepts of cough
severity. We strove for conceptual clarity by excluding domains or items related to cough impact on
quality of life. Several validated and widely available PROMs already assess the impact of cough
symptoms on quality of life, including the LCQ [7], CCIQ [8], CQLQ [9], COAT [10], and CET [11]. Our
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conceptual framework defines concepts to measure symptom severity, which would inform an instrument
complementary to existing quality of life questionnaires.

Conclusions

We report a systematic survey and conceptual framework that identified candidate items and domains to
measure cough severity. Studies provided 43 unique items that contributed to our conceptual framework.
The urge-to-cough sensations, a linked component of the cough experience, classified as a domain.
The study team identified frequency (1 item) and intensity (1 item) as subdomains under the urge-to-
cough sensation. The cough symptom itself represented another domain, subdomains of which included
control (2 items), frequency (6 items), fit/bout duration (1 item), intensity (8 items) and associated features/
sequelae (24 items). Qualitative studies could address the comprehensiveness and appropriateness of the
items, domains, and subdomains we have identified, and lead to refinement of our evolving approach to
measurement of cough severity. These studies, including focus groups with chronic cough patients and
consultation with international cough experts, are currently underway. Our findings support item generation
and content validity of a PROM assessing cough symptom severity in patients with refractory or
unexplained chronic cough. The PROM will be designed for both discriminative and evaluative purposes
for use in health research and in clinical practice.
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