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Abstract: The clinical and research discipline of cough has grown substantially over the last two decades as
methods to measure cough have developed and evolved. Cough can be thought of both as a symptom and an
objectively observable pathophysiological phenomenon, two aspects whose interrelationship is complicated.
The following review explores the varied methods to measuring cough, both subjective, patient-reported
measures and objective approaches. Specifically, symptom scores, questionnaires of cough-related quality of
life, and associated mental health impacts of chronic cough are addressed, as are developments in measuring
cough frequency, cough intensity, cough reflex sensitivity, and cough suppressibility. Measuring patient
reported cough-severity with a simple visual analogue scale increasingly appears to be justified, but has
limitations. The Leicester Cough Questionnaire has been widely used for twenty years, within varied settings
and diseases, in research and routine clinical practice, and captures cough-related quality of life. Objective
cough frequency has become the primary outcome measure for clinical trials of antitussives, and technology
is now enabling the wider application of cough counting. Inhaled tussive challenge testing still has a role,
including in the assessment of cough hypersensitivity, and in the identification of failure to supress cough.
Ultimately, many measures have a contributory and complementary role, with differing merits in quantifying

the multiple facets of cough, the complexity of which is being increasingly recognised.
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Introduction: why measure cough? reflex, and the pathology of excessive coughing, a lot has

. been revealed. Recommended approaches to managing
When you can measure what you are speaking about, and express . .
o ) ) chronic cough are now supported by more evidence than
it in numbers, you know something about it; but when you ever before (2).

cannot measure it, when you cannot express it in numbers, your Chronic cough is a common, widespread, and often
) ’

knowledge is of a meagre and unsatisfactory kind. (1)—William

distressing clinical problem. In an internet-based survey

Thomson, Lord Kelvin, 1824-1907 of 1,122 subjects experiencing chronic cough across 29
Cough as a subject of clinical and academic interest has European countries 78% replied either ‘frequently’ or
grown substantially over the last 10-20 years. Whilst much ‘sometimes’ in response to the question ‘does your cough

remains to be explained about the physiology of the cough stop you doing the things you would like to do’, and 90%
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‘frequently’ or ‘sometimes’ in response to ‘do you feel fed
up or depressed because of your cough?’ (3).

Cough is important not only because of its significant
impact on patient wellbeing, but also as an early feature,
and marker of severity, of potentially serious disease (cancer,
interstitial lung disease). Some such diseases, including
tuberculosis and pandemic respiratory viral infections, also
have strong implications for public health.

As expressed in the above quote by Kelvin in the context
of the science of temperature (1), to measure something
is the first step to understanding it. Many, if not all, of the
recent advances in the field of cough would not have been
possible without a means of measurement. A number of
approaches have been taken to measure cough, and the
method chosen depends on various factors, not least the
particular reason for measurement, but also accuracy and
precision, convenience, simplicity, cost, and acceptability
to the patient. If cough is addressed wholly as a symptom,
then subjective measurements are most important—the
patient’s perception and the impact of cough on quality of
life. Cough is of course though not simply perceived only
by the patient, but is also a directly observable physiological
and pathological phenomenon, usually obvious to others.
Coughs can therefore be measured objectively, most
obviously by frequency, but also in other ways.

A patient-centred approach

If we don’t ask, our care and what we do to people isn’t aligned
with what matters most to them and then you get suffering. (4)
—Artul Gawande, 1965

Cough-related quality of life

The subjective adverse effects of chronic cough have been
well-documented for some time. The developers of the
first specific tool for measuring the subjective impact of
cough, the Cough Quality of Life Questionnaire (CQLQ),
reported the following were frequent features in those
suffering with chronic cough: worry about serious illness,
concern something is wrong, frequent nausea, exhaustion,
others thinking something is wrong, embarrassment or
self-consciousness, difficulty speaking on the telephone,
and urine incontinence (5). The resulting questionnaire
has been validated in acute and chronic cough, and also
used in chronic obstructive pulmonary disease (COPD)
and idiopathic pulmonary fibrosis (IPF) (6,7). Repeatability
and internal consistency have been demonstrated, and the
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CQLAQ has been used in clinical studies, including an early
trial of the novel antitussive gefapixant (8).

Another cough-specific quality of life tool, the Leicester
Cough Questionnaire (LCQ) was developed through a
process of psychometric interviewing, and initial validation
data were published in 2003 (9). It consists of 19 questions
which assess physical, psychological and social domains
of cough-related quality of life, and takes around 3 mins
for patients to complete. The developers demonstrated
concurrent validity, repeatability and responsiveness (9,10),
and the Questionnaire has subsequently been translated
into >50 languages (11,12). The LCQ has also been widely
used as a primary and secondary endpoint in clinical trials of
antitussives, helping to provide evidence of the effectiveness
of therapies for chronic cough such as gabapentin (13)
and gefapixant (14). The minimum clinically important
difference in LCQ scores has been defined, as specifically
has the minimal threshold for change in refractory chronic
cough (RCC) (15).

Measurement of cough with the LCQ has led to better
understanding of cough in a range of diseases including
COPD (16), asthma (17), bronchiectasis (18) and IPF (19). A
version of the questionnaire has also been developed for acute
cough to enable study of interventions in this context (20).

Cough-severity symptom scales

Rather than making a measurement of the effect of chronic
cough on global quality of life, symptom scales can be
used to give a subjective rating of cough severity. The
main advantage of such scales is ease and brevity, with the
trade-off of not capturing the fuller impact of cough on
the patient. A 100-mm (100-point) cough severity visual
analogue scale (VAS) has been commonly employed in
both routine clinical practice and research (Figure I). The
tool has been shown to be responsive, for example to the
resolution of symptoms following acute upper respiratory
tract infection (21).

A simple symptom scale is clearly distinct from a global
measure of cough-specific quality of life. This is well-
demonstrated, including recently in a group of patients
by Martin Nguyen ez 4/., where both cough severity diary
and LCQ scores correlated only to a moderate degree
with cough severity VAS scores (22). This less than strong
correlation with quality of life scores is by no means a
weakness of the cough severity VAS—the tool may be seen
as measuring only one specific dimension of the subjective
impact of cough. Limitations of the VAS though include
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Please put a cross on the line to indicate the severity of
your cough in the last two weeks.

WORST COUGH EVER

:

I

NO COUGH
Note: scale is 100 mm long

Figure 1 Cough severity visual analogue scale.

poor intra-patient repeatability, with intra-class correlation
(ICC) scores of around 0.5 (22). The lack of numbers or
gradation markers on the simple plain line scale may be part
of the reason for this, hence a cough severity numeric rating
scale may be an alternative to consider.

This key limitation has led to advocates of the Cough
Severity Diary, a 7-item measure of frequency, intensity and
disruption. The scores seem more repeatable than those of
the cough severity VAS (ICC 0.68), and a slightly stronger
correlation than cough severity VAS scores with LCQ
scores (23). Further evaluation is required, but the VAS, or
a slightly modified version of it, will likely remain popular
due to its simplicity.

Psychological impact

Another way of subjectively measuring cough is to focus
on associated psychological morbidity. Diminished mental
health is common in those with chronic cough. McGarvey
et al. in a UK specialist cough clinic used the Hospital
Anxiety and Depression Scale (HADS) and other validated
tools to demonstrate rates of anxiety and depression of
33% and 16% respectively in those referred with chronic
cough (24). Similarly, in a US-based study of patients with
chronic cough using the Center for Epidemiologic Studies
Depression Scale, 53% had depression (25). Recent data
from our South London specialist cough clinic have also
demonstrated high rates of significant depression (26).

Objective measures of cough

Cough is defined physiologically as an objective
phenomenon, the rapid release of air following forced
expiration against a closed glottis producing a characteristic
sound (27). Coughs can clearly therefore be independently
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observed and objectively measured. Furthermore, asking
a patient to give a subjective account of their cough will
likely lead to a different version of events to that obtained
by an independent observer. The basic pathophysiological
action of coughing is unlikely the focus of concern of the
patient; the subjective perception of cough will be strongly
influenced by concerns about underlying illness, secondary
physical effects (such as urinary stress incontinence and
pain), social anxiety about the reactions of others, and
other factors, as discussed in the previous section. Such
perceptions and subjective awareness of cough will also vary
depending on mood and distraction.

The advantage of objectively measuring cough is
in providing a more reliable surrogate marker of the
underlying pathological process. Objective measures, by
definition, depend not on the observer, but on the tools
and processes of measurement, and should therefore much
be much-less variable within and between individuals
than patient-reported metrics. For this reason, objective
measures of cough should be expected to better reflect
disease mechanisms. Objective measures therefore are
preferred for research into the causes of cough, and for
testing the effects of an intervention which aims to lessen
coughing.

Cough frequency measurement

Although cough can be objectively measured in several ways,
perhaps the most obvious characteristic of pathological
coughing which lends itself to objective measurement is
cough frequency. As has been reviewed elsewhere (28),
attempts to objectively measure cough frequency have been
made since the 1950s. This was initially driven by a desire
to understand factors which exacerbate cough, such as
smoking (29), to study infectiousness in tuberculosis (30),
and to investigate cough suppressants (31).

Cough monitoring technology
Digitisation and miniaturisation of electronic technology over
the last decades allows potential modern cough frequency
monitors to be a lot smaller, more portable, and run for longer
time periods than previously. Modern computerised signal
processing techniques have also introduced the potential for
automating the detection of coughs, based largely on their
distinctive acoustic properties (28).

One such recent system is the Leicester Cough Monitor
(LCM) (32). A lapel microphone is connected to a small
MP3 digital audio recorder and worn by the subject for
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periods of 24 h or longer during usual day-to-day activity.
The resultant recording, following brief calibration by a
researcher, is then later analysed by bespoke software to give
a report of numbers of individual coughs, and their timings.
Compared to human listeners of recordings in patients with
chronic cough, the developers initially reported the system
had a sensitivity and specificity for cough counts of 91%
and 99% respectively (32). An independent research group
subsequently reported excellent correlation between human
cough counts and those reported by the LCM software in
a blinded analysis (correlation coefficient, 7=0.97, P<0.001;
intraclass correlation 0.98, P<0.001) (33).

The LCM has proven useful at providing cough counts
in clinical trials of potential treatments for cough, both
antitussive medications (13,34,35), and non-pharmacological
interventions (36). The LCM system has also been used
to investigate predictors of cough in sarcoidosis (37), and
to assess the risk of transmitting infection in patients with
pulmonary tuberculosis (38).

Another cough monitoring system is VitaloJAK, differing
from the LCM in using a proprietary digital recorder, and
recording sound through a chest wall contact microphone
as well as one attached to the lapel (39). Cough counting is
then not automated, but resulting recordings are compressed
and shortened to remove silences and the majority of non-
cough sounds, to be then processed by human cough
counters aided by software providing a visual representation
of the audio data. Validation of this compression process has
been reported by the developers (39).

VitaloJAK has been widely used in antitussive clinical
trials in the last decade, for example recently for novel
classes of antitussives such as P2X3, NK1 and TRMPS8
antagonists (14,40,41). The monitor has also been used in
other contexts in cough research, such as studying cough in
COPD, asthma and lung cancer (16,42,43).

Other cough monitoring systems are in development
(44-46), but there are several limitations to current
technology. The above-mentioned devices, although small
and lightweight, are intrusive to the patient to some degree.
The wearer is physically aware of being attached to the
monitor, and whilst in use activities such as swimming and
showering are restricted. The wearer may also be conscious
of being recorded, potentially altering the cough rate
being measured—similar to the well-known phenomenon
of ‘white coat hypertension’, whereby anxiety and other
factors influence blood pressure when the subject is aware
of being observed. As well as coughs, both the LCM and
VitaloJAK pick up speech and all other background sound
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on the recordings which are sent for analysis. Whilst the
subsequent automated components of cough frequency
analysis circumvent the need for human observers to
listen to recorded speech, the possibility of small portions
of private conversations being ‘overheard’ exist, hence
currently consent into intrusion of personal privacy is
required prior to cough monitoring.

Validated cough frequency monitors up to now have
very much been restricted to the research setting rather
than routine clinical practice, mainly due to the necessary
expense and expertise of analysing the recordings. The
current technology has limited the maximum duration of
ambulatory recordings to 2-4 days at most. Much longer
periods of time would allow tracking of cough, for example
as a potential early indicator of COPD exacerbations (47)
or pandemic viral infections (48). Potential applications for
cough frequency monitoring would be more widespread
in clinical practice if technology was fully automated, and
give results in real time. Cough monitoring mobile phone
apps are one possibility (48), although several obstacles
need to be overcome, including drain on battery power,
interruption of detecting coughs during phone calls, and the
need for a microphone or the phone to be in relatively close
unobstructed range of the subject.

Measuring cough frequency: uncertainties

Aside from the technical and practical considerations
surrounding cough frequency monitoring, there remain
theoretical uncertainties. There has been debate about
the definition and basic unit of cough for frequency
monitoring (49). While individual coughs are now generally
used for reporting cough counts (50), one recently used
bespoke cough monitor, amongst others, has used ‘coughing
episodes’, variously described (51). Coughing ‘bouts’ are
currently defined by consensus amongst experts in the
field as runs of closely spaced individual coughs separated
by no more than 2 s (52). The concept of cough bouts is
attractive as they may be more noticeable to the patient
than individual coughs. Periods of closely-spaced prolonged
coughing may also correlate better with pathology than
single coughs (53), the latter perhaps more common in
healthy individuals exposed to occasional inhaled irritants
and other factors in daily life. Previous work from the
Manchester group suggests that in chronic cough, number
of cough bouts (or ‘epochs’), as defined above are closely
correlated with the daily frequency of individual coughs,
and that both are similarly related to patient cough-related
quality of life (52). However, recent work from the same
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Figure 2 Daily cough frequency compared to cough-related
quality of life in respiratory diseases. LCQ, Leicester Cough
Questionnaire; COPD, chronic obstructive pulmonary disease,
AECOPD, acute exacerbation of COPD; TB, pulmonary
tuberculosis. Adapted from (53), copyright held by current
author RT.

researchers has suggested that a looser definition of cough
bouts which groups together individual component coughs
separated by <3 s rather than by only <2 s into the same
episode may be slightly more relevant in terms of patient
perception of coughing severity (54).

The temporal distribution of coughs during a day may
also be important. Cough is well-known to be less frequent
during sleep than during the day (55), but particular diurnal
patterns may indicate certain diagnoses and disease activity,
for example excessive cough at night and immediately after
waking in poorly-controlled asthma (42). In clinical trials
in recent years both 24-h and daytime (‘awake’) cough
frequency have been used as primary endpoints (56). It is
not clear which should be preferred in general. Focusing
on the waking hours results in higher hourly median
cough counts, potentially amplifying positive effects of
an intervention on cough, although perhaps with wider
variation by excluding similar low numbers of coughs
overnight. Not including nocturnal coughs may also miss
the minority of individuals for whom coughing overnight is
significant, particularly if having a large impact on sleep.

The timing of coughs throughout waking hours may
potentially indicate precipitants and aetiology, such as
environmental exposures, including occupational. This has
been little explored (57). The temporal clustering of daily
coughs likely has an influence on how subjects perceive
cough independent to overall cough frequency (58); short
bursts of intense coughing widely dispersed intermittently
throughout a day may be more distressing than several
coughs per hour spaced more regularly with the same
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overall average daily cough frequency.

At present, due to the limitations of current technology
already mentioned, little information exists on inter-day
variation in cough frequency, not only in stable disease
states, but also in acute respiratory conditions, chronic
conditions with varying activity over time, and in healthy
individuals. This is a problem, not only in determining
what is ‘normal’, for a particular individual, or for groups
of particular types of individuals, but also for using 24-h
cough frequency on one particular day to judge the effect
of an intervention on cough. In the ‘stable’ state coughs
occur sporadically during waking hours, with numbers per
hour roughly approximating a Poisson distribution. Day-
to-day variation in cough counts is determined not only by
inherent biological influences, but also by environmental
factors. A single day of recording will give little indication
of ‘average’ daily cough frequency, especially if there
is an ‘acclimatisation’ effect whilst the subject becomes
comfortable to being monitored. Only through the
accumulation of more data, from prolonged periods of
cough frequency monitoring can this variation be better
understood and statistically modelled (59,60). In 1965
Robert Loudon stated “the development of cough-counting
devices measuring cough frequency in individual patients
has made it important to estimate the frequency with which
cough occurs in the general population” (61). This holds
true now as much as it did nearly 60 years ago.

Cough frequency: relation to patient-reported
outcomes

Objective cough counts correlate to only a limited degree
with subjects’ own perceptions of their cough. This has been
known for over 50 years. Cough frequencies in a mixture
of patients with respiratory disease measured using sound
recording equipment related poorly to responses to the
question “Do you have a cough at the present time?” (62).
In keeping with other recent data, we have similarly
shown at most only a moderate correlation of 24-h cough
frequency across a range of diseases with both subjectively-
reported cough severity (VAS scores) and cough-related
quality of life (LCQ-scores) (Figure 2) (53).

Data from recent clinical trials of novel antitussives in
patients with RCC also give interesting insights in this area.
VOLCANO-2 was a Phase 2b randomised controlled trial
of the neurokinin-1 (NKI1) antagonist orvepitant in 315
patients with refractory cough. Although those in the active
treatment arms demonstrated significant improvements in
the patient-reported secondary endpoints of cough-severity
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Table 1 Baseline cough frequency and cough severity VAS scores in subjects recruited to VOLCANO-2

Lower frequency cough group

Higher frequency cough group

Variable (n=150) Full analysis set (n=315) (n=156)
Awake cough frequency (coughs/hour) 20.2 43.0 66.7
Cough severity VAS, day (mm) 63.6 67.6 71.8

Sub-groups prospectively defined according to study population median frequency (32 coughs/hour). Summary data are medians. VAS,
visual analogue scale. Previously unpublished data reproduced with permission of Nerre Pharmaceuticals.

VAS and LCQ scores compared to placebo, the primary
endpoint of improvement in awake cough frequency was
not met (63). Overall, cough-related symptoms improved
with the drug whilst cough frequency appeared to change
no more than with placebo, a positive effect on cough
as reported by the patient that was not explained by
improvements in the objective measure of cough.

There are several possible explanations for this
discrepancy, which are not mutually exclusive. One is that
the drug altered patients’ perception of their cough in
a positive way, making it appear less bothersome, whilst
having no effect on the underlying objective nature of the
cough itself. The second possibility relates to a potential
statistical anomaly, including the stochastic nature of cough
frequency alluded to above. The third possibility is that the
drug did have an objective positive impact on cough, only
not on the objective measure (cough frequency) chosen in
this study.

In support of this first idea, of the drug affecting only
the subjective appreciation of cough, is that NKI inhibitors
probably have action on the central nervous system. Partly
for this reason, the related drug aprepitant is effective as an
antiemetic. Orvepitant could therefore be having effects on
cortical centres involved in the perception of cough, without
necessarily altering the frequency of coughing. Regarding
the second, possibly statistical explanation for the mismatch
between cough symptoms and cough frequency following
treatment with orvepitant, is a signal from the study data for
an effect on a pre-defined subgroup of patients with cough
frequency higher than the study median (63).

Large inter-individual variability has been observed in
daily cough frequency in many contexts amongst patients
who report troublesome cough (62). In VOLCANO-2
there was a 230% difference in the median cough frequency
between the groups with lower vs higher cough frequency
(Table 1). At the same time, there was only a 13% difference
in mean cough severity VAS scores between these two
groups (Steve Pawsey, Nerre Pharmaceuticals, personal
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communication). The much larger variation here in baseline
cough frequency than in subjective cough severity may have
been a reason for the difficulty in detecting meaningful
change in the objective measure, even with >300 study
subjects.

Cough frequency therefore is not the same thing as
cough ‘severity’ but is likely only a component of it.
Returning to the third suggested reason for the apparent
discordant effects of orvepitant on cough frequency and
cough symptoms, there are presumably factors besides
average numbers of coughs over unit time that influence
subjective perceptions and impact of coughing. The
previous section suggested one of these factors—the way
coughs are distributed in time throughout the day; clusters
in time may be relevant as well as overall average cough
frequency per unit time. However, variables of cough other
than its frequency can also be objectively measured, and
may be of relevance.

Other objective measures of cough

Cough intensity
Patients describe their coughs in varied ways, using
adjectives including harsh, strong, intense, loud, painful (64).
The strength or intensity of cough may therefore be as
important to patients as its frequency. Hence attempts have
been made at measuring this characteristic. Approaches
have included oesophageal manometry, electromyography
of the respiratory muscles, cough peak flow, and cough
sound amplitude (65). There has been interest in measuring
cough peak flow as a surrogate of cough efficiency in
stroke and other neurological diseases to guide respiratory
physiotherapists and others in implementing measures to
help clear respiratory secretions and reduced the risk of
aspiration (66).

Few studies have investigated intensity in chronic cough.
One notable exception is that of Lee er /. which measured
amplitude characteristics of voluntary cough sounds of
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patients with chronic cough, suggesting good correlation
with oesophageal pressure and cough flow (67). No study
to our knowledge has taken continuous measurements of
cough strength or intenisty in an ambulatory setting and
compared it to subjective assessments of cough-related
quality of life or severity.

Cough reflex sensitivity (CRS)

A measure of the inherent tendency of an individual to
cough has been of interest in cough research for some
time, and standardised protocols have been developed for
inhalational tussive challenges (68). Capsaicin and citric
acid have been the agents most commonly used, although
others, including distilled water, and recently ATP have
been deployed (69). The commonly-used endpoint from
incrementally increasing inhaled doses is the minimum
concentration of solution required to elicit two or five
coughs within 15 s (C2 and C5, respectively). Other
endpoints have, however, been suggested (70,71).

A potential utility of cough challenge testing is as a
biomarker of cough hypersensitivity. CRS, for example, has
been shown to be higher (with a reduction in C5) during
upper respiratory tract infection than during subsequent
recovery in healthy individuals, correlating with self-
reported cough symptoms (72). Similarly, CRS increases
during COPD exacerbations compared to during periods
of stable disease (73). Furthermore, cough challenge tests
have given support to the concept of cough phenotypes,
whereby excessive cough in different contexts or diseases
may be associated with different patterns of response to a
panel of tussive agents. In a study by Belvisi ez a/. there was
a suggestion of different disease-related tussive responses to
inhaled capsaicin, citric acid, and prostaglandin E, amongst
individuals with COPD, asthma, or isolated chronic
cough (74). This may be driven by differences in airway
receptor profile between disease groups.

A problem with CRS as it is currently measured is wide
variability amongst individuals with chronic cough, and
overlap with measurements from healthy subjects (75).
The test has therefore so far proven elusive as a means of
objectively confirming cough hypersensitivity. However,
recent re-analysis of data from a previous study of capsaicin
challenges in patients with RCC and healthy subjects
suggested a specific threshold for C5 of 29 mmol/L as
providing relatively high sensitivity and specificity (of 72%
and 88%, respectively) for separating the two groups (76).
This analysis needs confirmation with new data, perhaps
involving variations in the methods or equipment currently
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employed for measuring CRS.

CRS testing has attracted a lot of interest as a potential
means of investigating antitussive medication. As a means
of demonstrating pharmacological efficacy against a specific
airway receptor it is a powerful tool. The problem is that
a reduction in the cough response to an inhaled tussive
compound does not necessarily relate to improvements in
either daily cough frequency or patient symptoms. This
is best illustrated by research into inhibitors of the airway
receptor TRPVI, a key component of the cough response
to inhaled capsaicin. Despite substantially reducing
capsaicin-induced cough, two-week administration of the
TRPVI inhibitor XEN-DO0501 in subjects with chronic
cough had no effect on either 24-h cough frequency or
cough-related quality of life as measured with the LCQ (77).
The complexity of cough is such that the focus on
experimentally-induced cough responses to a single tussive
agent has significant limitations.

Cough suppression ability

The central pathways of the cough reflex have an important
role, not only in the conscious appreciation of coughing,
but also in allowing a conscious (and unconscious) control
of cough. In RCC, cortical inhibitory influences on the
cough reflex appear to dysregulated. Decreased activity
in several areas of the brain thought to be involved in
cough inhibition has been demonstrated by functional
magnetic resonance imaging in individuals with RCC; the
dorsomedial pre-frontal cortex and anterior mid-cingulate
cortex are of particular interest (78).

The ability to voluntarily suppress cough can be
measured. Instructions to the subject during standard CRS
testing normally includes a request to allow coughing
to occur freely when the urge arises follow inhalation of
tussive agent (68). However, if subjects are asked to try and
prevent themselves from coughing, then measuring C5
(or another endpoint) during inhalation tussive challenge
gives an indication of the ability to suppress cough. Such
measures have been shown to be repeatable in healthy
subjects and, furthermore, the ability to voluntarily supress
capsaicin-provoked cough has been demonstrated to be
much reduced in individuals with chronic refractory cough
compared to healthy controls (79). Of further interest is the
finding of Cho et 4l. that cough suppression ability appears
relatively preserved in patients with excessive chronic cough
associated with COPD, suggesting differing mechanism of
persistent coughing in the disease compared to individuals

with RCC in the absence of other lung disease (80).
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Measuring cough suppression ability in chronic cough
therefore suggests underlying drivers of cough in different
contexts, which may help direct therapy.

Conclusions—what really matters?

There is no simple answer to the question of what really
matters as the preferred approach to measuring cough. In
practice, all the methods outlined above have strengths
and weaknesses. Different ways of measuring cough often
complement one another, and help provide a fuller picture
for the patient, clinician and researcher. The particular
measurement technique chosen will depend on various
factors including availability, time, cost, acceptability to the
patient, and not least the reason for measurement in the
first place, including whether it be clinical, for the benefit
of one particular patient, or for research, across a group
of individuals. Ultimately, when the aim is to manage the
symptom of cough in a particular individual in the clinic
then the patient’s perspective is most important, favouring
the subjective measures above. Conversely, objective
measures are also important, and have a particular role in
the research context, for example in demonstrating efficacy
during drug development.

Cough frequency has now become the default primary
endpoint of commercial trials of new treatments of cough,
but, as discussed above, has limitations, with a particular
need for more accessible means of long-duration real-
time unobtrusive cough monitoring. There is discordance
between objective frequency and symptoms, suggesting
either a limitation in the way cough frequency is currently
assessed, or the fact that the frequency of coughing is not
the only feature of cough that bothers patients. Potential
benefits to using patient-reported outcomes as endpoints
in clinic trials are the low cost and wide availability of
measurement tools, simplicity for the patient and research
team, and the fact that they can measure multiple domains
of subject impact of cough simultaneously. A downside
of subjective measures is the relative lack of specificity
for cough, potentially also capturing off-target changes
in health due to other potential effects of antitussives, for
example on mood.

What matters for measuring cough will depend on
context. For a diagnosis of cough hypersensitivity, cough
challenge testing or suppression testing may be most useful,
perhaps in conjunction with specifically validated cough
hypersensitivity questionnaires (81). For efficacy endpoints
in clinical trials of antitussives, a composite objective and
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patient reported outcome might be most relevant, where
the objective element not only addresses average hourly
cough frequency over a 24-h period, but also includes
cough bouts, other measures of the temporal distribution
of cough (such as cough-free interval), captured over more
prolonged periods. Non-frequency objective measures
of cough such as intensity assessment might become
commonplace in antitussive studies. For early detection of
exacerbations of asthma, COPD, and other chronic lung
diseases, cough frequency measurement would probably
be the most useful variable, but would require continuous
real-time monitoring, as might be possible in a smart phone
app (60). Such continuous cough frequency measures, if
widely available, could also be used for early detection of
respiratory diseases such as lung cancer, tuberculosis, or
pandemic viral infection. As a marker of the progression
of diseases such as IPF objective measures are probably
most appropriate, particularly cough frequency, however
defined; the same is the case for monitoring the response to
treatment of curable lung diseases such as tuberculosis (82).
Cough research is still currently a young and relatively
niche discipline. The tools available to measure cough
have been instrumental in progress to date. The resulting
expansion of knowledge has made more apparent the
complexity of cough. As the methods of measuring cough
continue to develop and become more widely available, so
understanding of cough will grow further still.
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