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Panel: Research in context
Evidence before this study

Cough is a heterogenous condition. Yet, little is known about cough phenotypes. In clinical practice,
cough phenotype is determined by its duration as well as the underlying diseases causing the cough.
Conversely, in adults with chronic cough, a concept of cough hypersensitivity syndrome (CHS) has
been proposed to encompass chronic cough featuring a hypersensitive cough reflex, regardless of the
underlying diseases. However, the clinical presentations, especially responses to treatments, within
each cough phenotype (or CHS) are still heterogeneous. We hypothesised cough phenotypes or
subclasses identified from community settings would further elucidate such heterogeneity, as cough
is most commonly seen in the community, while only a small group of people visit specialists
because of their cough. We searched PubMed up to 2023, for articles on adult chronic cough
phenotypes using the search terms “chronic cough” and “phenotype”. Most studies have been
conducted in specialist clinical settings. Only two studies investigated cough phenotypes among
community-based samples, and neither had data on lung function trajectories, nor longitudinal

clinical characteristics since childhood.
Added value of this study

This is the first study to describe the longitudinal clinical characteristics of adult cough subclasses in
a community-based cohort. We identified six mutually exclusive subclasses in middle-aged adults
and have characterised them comprehensively by their history of respiratory symptoms, life-course
lung function trajectories, and comorbidities. The two subclasses that featured “chronic productive”
and “intermittent productive” cough had disadvantaged lung function trajectories, and a higher
lifetime prevalence of productive cough, asthma, and allergies from as early as seven years of age.
However, the “chronic dry cough” and “cough with allergies” subclasses showed such changes only
in the mid-forties to fifties. These descriptions are a substantial advance of the current framework for

understanding and managing chronic cough.

Implications of all the available evidence

For adults aged in their fifties, which is when the prevalence of chronic cough peaks, multiple
subclasses of cough exist; each has distinct clinical features going back to childhood. Usual cough is

common, and understanding the risk factors and comorbidity profiles specific to a cough subclass

% ¢

could inform personalised management focused on the patients’ “treatable traits”. Individuals
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belonging to the more severe cough subclasses associated with phlegm, often have coughed from
childhood, so vigilance by clinicians and closer monitoring for potential lung function impairment
could provide opportunities for early intervention/prevention. Lung function should be routinely
undertaken when evaluating and /or managing adults with productive cough including in primary
care. This clinically relevant classification based on symptoms and objective lung function, and
derived from a large general population cohort provides a platform for future studies to investigate

the burden and optimal management of adults with chronic cough in the community.
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ABSTRACT

Background: Cough is a common yet heterogeneous condition with poor understanding in general
populations. We aimed to investigate cough subclasses, their lifetime characteristics, and treatable

traits in a general population.

Methods: Using data collected by the Tasmanian Longitudinal Health Study (TAHS), we
distinguished cough subclasses among current coughers at age 53 years, using latent class analysis of
cough symptoms. Longitudinal changes and/or trajectories of cough, asthma, smoking, and
spirometry from age 7 to 53 years for each subclass were documented and compared with the

reference.

Findings: Six distinct cough subclasses were identified and labelled as “minimal cough” (n=206,
9%; the reference), “cough with colds only” (n=1189, 54%), “cough with allergies” (n=305, 14%),
“intermittent productive cough” (n=213, 10%), “chronic dry cough” (n=147, 6%), and “chronic
productive cough” (n=153, 7%). Compared to “minimal cough”, the “chronic productive” and
“intermittent productive” cough subclasses had worse lung function trajectories, and a higher
prevalence of cough, asthma and allergies from ages 7 to 53 years. These differences were observed
in other subclasses, but were evident only after their mid-forties in the groups with “chronic dry
cough” and “cough with allergies” subclasses, and not until age 53 in the “cough with colds only”

subclass.

Interpretation: Potential treatable traits were identified for different cough subclasses. Productive
cough may require different management in primary care (i.e., routine spirometry) than dry cough, if
our findings are confirmed by other studies. Future population-based studies could apply this

framework to better address the heterogeneity and complexity of cough in the community.

Funding: National Health and Medical Research Council (NHMRC) of Australia; The University of
Melbourne; Clifford Craig Medical Research Trust of Tasmania; Victorian, Queensland &
Tasmanian Asthma Foundations; Royal Hobart Hospital; Helen MacPherson Smith Trust;
GlaxoSmithKline, and China Scholarship Council (CSC).
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INTRODUCTION

Cough is a common but difficult-to-treat condition;' yet it has substantial physical, mental, and
economic impacts on patients, and the healthcare system.?> Chronic cough in adults, defined as a daily
cough for more than eight weeks, affects between 5% and 10% of the population globally.?
Furthermore, studies have shown that chronic cough is an independent risk factor for cardiovascular

disease and premature death.*

Cough is a heterogenous condition.! From a neurobiological perspective, multiple central and
peripheral pathways are involved in the regulation of cough.’ In clinical practice, cough can be
caused by multiple underlying pulmonary and extrapulmonary diseases, and presentations of cough
vary between diseases, and between patients with the same diseases.! The CHEST guidelines for
adult cough recommend managing cough by diagnosing and treating underlying diseases, by firstly
assessing the duration of the cough (i.e., whether it is acute, subacute, or chronic).® Earlier studies
found that other features of cough (e.g., phlegm production, sound, timing) provide little guidance to
diagnose underlying diseases.”® Asthma, gastro-oesophageal reflux disease (GORD), and upper
airway cough syndrome (UACS) are common underlying diseases causing chronic cough.>®
However, many patients with these diseases do not present with chronic cough.' In addition,
treating these diseases does not necessarily resolve the cough.'** Over 63% of people with chronic
cough have two or more of these diseases, but 15% of them have no identified underlying diseases to
explain the cough.’ Furthermore, some of these underlying diseases are poorly defined in the first
place (e.g., UACS).> Cough hypersensitivity syndrome has recently been proposed as an umbrella
term to explain the mechanisms of chronic cough, regardless of underlying diseases. However, not
all unexplained cough can be attributed just to hypersensitivity.! Together, these findings suggest
that chronic cough is a complex and heterogeneous condition that cannot be fully explained by the

“underlying diseases” or cough hypersensitivity.!

The “treatable trait”, model of care where a patient undergoes a multidimensional assessment to
identify clinically important and treatable problems (traits), has recently been introduced to the
management of chronic airway diseases.!? This approach emphasises using phenotypes and/or

19 However, little is known

endotypes, instead of diagnostic labels, to guide individualised treatment
about adult cough phenotypes or endotypes in the general population. While few studies on adult

cough phenotypes have been undertaken and they were mainly performed in specialist centres with
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highly-selected patients,' '

even though cough is the most common reason people present to
primary healthcare.'* Furthermore, cough is very common in the community, but over 70% of all
people with chronic cough have never consulted a doctor.!> Only two studies have investigated adult
cough phenotypes/subclasses in community settings,’!¢ but neither has linked these subclasses to

potential treatable traits using longitudinal clinical characteristics.

Therefore, we aimed to explore cough subclasses in the general adult population, and to identify

potentially treatable traits of the identified subclasses by describing their clinical characteristics from
childhood to adulthood.

METHODS

Study Design and Data Collection

We used data from the Tasmanian Longitudinal Health Study (TAHS), a prospective community-
based cohort study, following participants from ages 7 to 53 years (Figure 1). These individuals have
been followed up at ages 13, 18, 31, 43, and 53 years with questionnaires and clinical examinations.

Details about the study design and follow-up studies were published previously.'’

During the most recent follow-up study in 2012-2016 (mean age 53 years), all surviving participants
were traced and invited (n=6128). And 3609 (58.9%) of these returned a postal questionnaire. The
questionnaire included nine cough-related questions (Table S1, supplements pp 2). Participants who
answered “Yes” to at least one question were defined as “current coughers” at age 53 years, and,

those who answered “No” to all nine questions were defined as “non-coughers”.

Demographic and clinical characteristics of participants including asthma, smoking, and symptoms
of cough (“current productive cough” and “ever chronic productive cough”) have been collected via
questionnaire from ages 7 to 53 years and the detailed definitions were harmonised and listed in

Table S2 (supplements pp 3).

Pre-bronchodilator spirometry was performed at ages 7, 13, 18, 31, 45 and 53 years (Figure 1),
according to the American Thoracic Society and European Respiratory Society guidelines.'®
Trajectories were developed previously (Appendix 1, supplements pp 11),2° based on spirometry z-
scores, which were derived from Global Lung Function Initiative (GLI) reference equations that have

been validated in an Australian population.'’



122

123
124
125
126
127
128
129
130
131
132
133
134

135
136
137
138
139
140
141
142
143
144
145
146

147

148
149

Statistical Analysis

The nine cough-related questions were included in latent class analysis (LCA) models as indicator
variables among the “current coughers” (Table S1, supplements pp 2). The LCA estimated two sets
of values: conditional probabilities (i.e., probability of having each of the nine cough and/or phlegm
symptoms within a known class), and posterior probabilities (i.e., probability of belonging to each
class for a given participant). Models were repeatedly fitted with a stepwise increase in the number
of classes from 2 to 9. The LCA models with maximum likelihood estimation allowed for the
handling of missing data for indicator variables, which were treated as missing at random. The
Bayesian information criterion (BIC) and clinical interpretability of models were used as major
criteria to determine the optimal number of classes. Class size, entropy and other statistics were also
considered.?! A single cough subclass was assigned to each participant based on the highest posterior
probability for that participant from the six-class model and the mean posterior probability was used

to assess model adequacy (Appendix 2, supplements pp 12-13; Figure S1, supplements pp 14).

Demographic and clinical characteristics of participants at age 53 years were described for each
cough subclass and compared with the reference (defined as the “minimal cough” derived from the
LCA), using y?, Fisher’s exact tests, or independent t-tests where appropriate. Prevalence (p) and
logit-transformed 95% confidence intervals (95%Cl=expit {logit(p) £1.96xstandard error/[p*(1-
p)1}) of relevant clinical characteristics (cough, asthma, smoking, asthma and allergy trajectories,?
lung function trajectories®’) were plotted from age 7 to age 53 years whenever data were available
and compared with the “minimal cough” using y? tests (or Fisher’s exact tests). “Non-coughers”
were compared with all identified cough subclasses. The above analyses were repeated using
standard cough definitions (chronic cough [CC] as cough > three months regardless of the presence
of phlegm; and chronic bronchitis [CB] as cough with phlegm > three months for two consecutive
years). All analyses were done using Stata version 16 (Stata Corp, College Station, TX) with an LCA

plug-in.??
Ethics

The study was approved by Human Review Committees at all participating institutions. Written

informed consent was obtained from all participants.
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Role of the funding source

The sponsors of the study had no role in study design, data collection, data analysis, data
interpretation, writing of the report, or the decision to submit. The corresponding author had full

access to all the data in the study and the final responsibility to submit for publication.
RESULTS

Among the 3609 participants of the most recent TAHS follow-up (mean age 53 years, Figure 1), 361
(10-0%) had standard definition CC, and 109 (3-0%) had standard definition CB. Altogether, 2213
(61-3%) participants were considered "current coughers” by having any kind of cough listed in Table
S1 (supplements pp 2), and they were assigned to cough subclasses identified using latent class
analysis (LCA). Based on model selection criteria, the six-class model was optimal (Appendix 2,
supplements pp 12-13). The mean posterior probability of the six-class model was 0-9 suggesting
good model adequacy in class assignment (Table S3, supplements pp 4). Conditional probabilities of
having each cough and/or phlegm symptoms were presented in a Heatmap and used to label the six

cough subclasses (Figure 2).

Characteristics of each cough subclass at age 53 years are summarised in Table 1. Participants with
“minimal cough” (n=206, 9-3% of 2213 current coughers) had some cough with colds, but otherwise
the lowest probabilities of all symptoms overall, and therefore comprised the reference group for the
main analysis. The “cough with colds only” (n=1189, 53-7%) had moderate to high probabilities of
symptoms related to colds/chest illness and the highest prevalence of recent respiratory infections.
The “cough with allergies” (n=305, 13-8%) was predominantly female (66-9%), and had the highest
probabilities of allergic symptoms and lowest prevalence of smoking. The “intermittent productive
cough” (n=213, 9:6%) had moderate to high probabilities for symptoms with or without colds,
productive cough of intermittent duration, and the highest mean BMI. The three major diseases
related to chronic cough (asthma, GORD, chronic rhinosinusitis [CRS]) were most prevalent in the
two chronic cough subclasses, namely “chronic dry cough” (n=147, 6-:6%) and “chronic productive
cough” (n=153, 6:9%). The “chronic productive cough” subclasses also had the highest prevalence

of smoking, COPD, anxiety, and depression (Table 1, Figure 2).
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The longitudinal clinical characteristics of 2213 current coughers from age 7 to 53 years were
described and compared in Figures 3-5, Figure S2 (supplements pp15), and Tables S4-S5
(supplements pp 5-6). At age 7 years, the overall prevalence of current productive cough was 47-0%
and similar across each subclass (Figure 3A). It reduced to 9-7% at age 13 years. From age 13 years
onward, the prevalence of current productive cough was highest for the “chronic productive cough”,
followed by “intermittent productive” and “cough with allergies”; all of which were significantly
higher than “minimal cough” over time. The prevalence of current productive cough in the “cough
with colds only” was only slightly higher than “minimal cough” from age 7 to age 43 years; but there
was a dramatic increase at age 53 years (Figure 3A; Table S4, supplements pp 5). The “chronic
productive cough” had the highest prevalence of ever chronic productive cough at all times, followed
by the “intermittent productive” and “chronic dry” cough subclasses (Figure 3B; Table S4
supplements pp 5).

We investigated the distributions of previously published longitudinal lung function trajectories for
FEVi, FVC, and FEV1/FVC (data collected at six time-points at ages 7, 13, 18, 45, 50, and 53 years,

),2924 within each current adult cough subclass (Figure 4; Table S5,

Appendix 1, supplements pp 11
supplements pp 6). Compared to “minimal cough”, the two productive cough subclasses (“‘chronic
productive” and “intermittent productive”) had worse FEV1 and FEV/FVC trajectories. The “early
below average, accelerated decline” FEV| trajectory was only present in 1:-5% of participants
belonging to “minimal cough”, while the proportions were 14:2% and 9-7% for the two productive
cough subclasses. In contrast, “good” trajectories with high lung function and catch-up features were
less common in the two productive cough subclasses. For example, the “early low accelerated
growth, normal decline” FEV trajectory made up 8:5% of the “minimal cough”, but only 1-1% of
the “chronic productive cough”. While such proportions for the “early high-normal decline”

FEV1/FVC trajectory were 19-1% for “minimal cough” and 8-7% for “chronic productive cough”
(Table S5, supplements pp 6).

Similar patterns were seen for lifetime prevalence of asthma and allergy. Compared to “minimal
cough”, the prevalence of current asthma from age 7 to 53 years was higher for participants
belonging to all other cough subclasses, but the difference was minimal for those belonging to
“cough with colds only” (Table S4, supplements pp 5; Figure S2 supplements pp 15). Longitudinal
trajectories for asthma and allergies were also distributed differently across cough subclasses.

Participants belonging to the “cough with allergies” had the highest proportion of late-onset asthma,
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hay fever and allergies trajectories; and those belonging to the “chronic productive cough” had the
highest proportion of early-onset asthma and allergies trajectories (Table S6, supplements pp 6;

Figure S3, supplements pp 15).

As for smoking, the prevalence of smoking and second-hand smoking (SHS) decreased over time in
the study population. However, the “chronic productive cough” had the highest prevalence of active
smoking during middle age while both “chronic productive” and “intermittent productive” cough
subclasses had the highest prevalence of SHS at all times (Figure S4; Table S4, supplements pp16-
19).

In our sensitivity analysis, we compared cough subclasses to standard definitions of chronic cough
(CC, cough > three months, with or without phlegm) and chronic bronchitis (CB, cough with
phlegm >three months in two consecutive years). The clinical features of participants with standard
CB were essentially the same as those with our “chronic productive cough” subclass. The clinical
features of participants with standard CC sat in between “chronic dry cough” and “chronic
productive cough” cough. This is expected as CB by definition was a subset of CC (Tables S8-10,
supplements pp 8-10 Figure S5, supplements pp 17-19).

As for “non-coughers”, they were mostly comparable to the “minimal cough”, except non-coughers
had lower smoking rates at all times. Consequently, in comparison with other adult cough subclasses,
we observed similar findings for both “minimal cough” and “non-coughers” (Tables S4-S7,

supplements pp 5-7).
DISCUSSION

Within a long-term prospective population-based cohort study, we observed that 10% of middle-aged
participants had “standard” chronic cough (cough > 3 months) while 61% of them reported some
degree of cough, including colds that travelled to the chest. Using a data-driven technique, we
identified six distinct cough subclasses, based on classic cough-related symptoms at age 53 years, the
peak age of cough presentations to healthcare providers.®> Furthermore, we related these six
subclasses to comorbidities at the same age, as well as longitudinal asthma and allergy histories,
smoking exposures, lung function trajectories, and cough symptoms since childhood. The two most

clinically important subclasses were “chronic productive” and “intermittent productive” cough as

10
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they are associated with the worst lifetime lung function trajectories. Participants belonging to these
productive cough subclasses had increased lifetime prevalence of productive cough, asthma, and
allergies from as early as seven years of age, compared with the “minimal cough” (reference group),
highlighting the early life origins of adult cough. This contrasts with participants belonging to the
“chronic dry cough” and “cough with allergies”, whose symptoms and worsening of lung function
commenced later in life (from mid-forties), and the “cough with colds only”, who had reduced lung
function (lower FEV/FVC ratios) and higher prevalence of asthma and cough only by the mid-
fifties. We suggest that future studies may explore the roles of early-life factors (asthma and
allergies, productive cough, and active/passive smoking) as potential longitudinal treatable traits for

primary prevention of future cough.

Only two studies have previously investigated cough phenotypes/subclasses in general
populations,”!® but neither had comprehensive longitudinal data, especially over six decades. One
study manually classified cough phenotypes among people with chronic cough, from their
underlying diagnoses (i.e., asthma, GORD, smoking, etc.).” We used LCA, a more complex and
holistic approach to objectively classify symptom profiles. The other study also used a data-driven
method, K-means cluster analysis, to identify cough clusters among coughers,'® but did not have data

to link these clusters to longitudinal clinical characteristics.

“Chronic productive cough” was the most clinically impactful subclass in our study. It was
associated with the highest prevalence of comorbidities including COPD, asthma, CRS, obstructive
sleep apnea (OSA), anxiety, and depression; and the worst spirometry measurements at age 53 years.
It was also associated with the worst FEV| and FEV1/FVC trajectories: those with persistently low
and/or rapid declines from childhood to mid-fifties. This subclass had the highest prevalence of
asthma since age seven and the highest prevalence of productive cough since age 13 years. By
definition, “chronic productive cough” resembled the standard definition of chronic bronchitis (CB),
and we have shown that they had similar clinical characteristics. CB is a bronchial condition
featuring mucus hypersecretion that is often caused by smoking.?> Accordingly, we found that those
belonging to the “chronic productive cough” subclass had the highest exposure to active and passive
smoking at all ages (Figure S4, supplements pp16). These findings suggested that both smoking and
early-life airway diseases (e.g., asthma) may contribute to the impaired lung function in the “chronic
productive cough”, and potentially to the development of COPD in later life. However, further

analysis would be required to draw conclusions here and is beyond the scope of the current study.

11
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Compared to the “chronic productive cough”, participants belonging to the “intermittent productive
cough” subclass had less exposure to active smoking, and shorter duration of cough, but otherwise
similar risk profiles. These included low and rapid-decline FEV and FEV/FVC trajectories, a high
prevalence of asthma since childhood, and multiple comorbidities in middle age. This subclass was
also associated with productive cough from an early age. These similarities between chronic and
intermittent productive cough subclasses suggest a distinct pathophysiological airway mechanism,
potentially involving airway chronic infection, inflammation, epithelial activation and wall
remodelling, leading to subsequent progressive airflow narrowing and ultimately COPD.?® Chronic
productive cough (and/or CB), has been linked to the development of COPD, and future mortality,
independent of smoking and lung function.?” Our findings have added further evidence that
intermittent productive cough may also be a risk factor for such adverse outcomes. These findings

suggest that routine spirometry should be considered when managing productive cough.

In contrast, for the “chronic dry cough” and “cough with allergies”, associated risks were less and
presented at a later age (i.e., productive cough at age 43, lung function decline at 53 years) and to a
lesser extent. Participants belonging to the “chronic dry cough” had better lung function than the
productive cough subclasses, but the prevalence of comorbidities at age 53 years including GORD,
anxiety, and depression was still high. The “cough with allergies” was associated with a higher
prevalence of asthma and allergies since early life. This potentially led to the low lifetime smoking
exposure due to avoidance, as well as the declined FEV1/FVC ratios. This “cough with allergies”
may be related to eosinophilic airway inflammation or cough hypersensitivity, as a previous study
has found links between persistent cough in the pollen season and serum specific levels.?® Future
studies should explore the potential of allergy/serum IgE as a treatable trait of such cough, by
assessing treatment responsiveness to nasal and/or inhaled corticosteroids. The “cough with colds
only” subclass may represent a predominantly post-infective cough, suggested by the high

prevalence of recent respiratory infections and similar clinical characteristics to “minimal cough”.

Our study substantially advanced the current understanding of the heterogeneity of cough symptoms,
especially among general populations. Our symptom-based framework is informative and easy to
apply in primary healthcare settings but its relevance should be investigated for patients referred to
cough clinics and/or recruited to clinical trials.!® For instance, we found that the presence of phlegm
is a distinguishing feature between adult cough subclasses. However, the importance of phlegm is

28,29

currently only mentioned in the paediatric cough guidelines,?®* not the adult cough guidelines.**

12
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Current adult guidelines recommend phenotyping firstly by cough duration and then by aetiology
(underlying diagnoses).>® This is because earlier studies recruiting cough patients from tertiary
hospitals found that the duration of cough was a reliable predictor of the underlying diagnoses, while
other features (phlegm, timing, and sound of the cough) were not.”® While our findings may not be
applicable to the highly-selected patients seen in specialised cough clinics, there are important
implications at least for primary/secondary healthcare providers and further research in that context.
Our data suggest that productive cough, even with a short duration, could be a marker of potentially
worsening lung function and other comorbidities. Therefore, routine lung function tests in the
diagnostic work-up of patients with productive cough are warranted, regardless of their smoking
status and/or persistence of cough, with consideration for further investigations and/or specialist
referrals from the treating primary care clinician. This is especially important considering that cough
is mostly managed in primary care settings, where there is limited access to tests such as fractional
concentration of exhaled nitric oxide (FeNO) or CT scans.*® Furthermore, our data also suggested
that performing spirometry on patients with a productive cough in primary care could help identify

patients with COPD at an early stage.

Future studies should also consider measuring and analysing the co-presence of phlegm with cough,
which is not reflected by the current definitions of cough hypersensitivity and/or refractory chronic
cough. Studies in clinical settings with complete data on lung function and the presence of phlegm
(dry or productive cough) are needed to further inform the management of dry/productive cough in

specialized cough clinics.

To the best of our knowledge, this is the first study to describe the longitudinal history of cough
especially in relation to other clinical characteristics, from childhood to mid-fifties in a general
population. Our study was unique for several reasons: firstly, we used cough data at age 53 years, an
age when the prevalence of chronic cough is known to peak.’ Secondly, we applied LCA, a data-
driven method, which allowed us to group cough-related symptoms into a specific subclass as
participants often had more than one cough-related symptom. Thirdly, it was longitudinal with
comprehensive data collected from age 7 to 53 years, so we could relate our cough subclasses to life

course lung function trajectories.

There are some limitations. We did not have specific details on cough severity, measurements of
cough hypersensitivity, healthcare utilisation or quality of life as measured by validated

questionnaires. This is mainly because these definitions and questionnaires were developed for
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clinical settings in recent times,>> when our longitudinal study was already set up. We also used
three months to define chronic cough as asked in the historical respiratory questionnaire, rather than
the current eight-weeks definition. But the questionnaire we used has been validated, and been
widely used in other epidemiological studies.*'** Data on ACE inhibitor use, GORD, and CRS were
only collected once at age 53 years. “Current productive cough” was defined differently in childhood
and adulthood, but the agreement between different definitions was high. Attrition was also
inevitable as participants were followed over six decades. Not all statistics (i.e., BICs of the 3-class
and 6-class models) may support our final LCA model as the optimal model, but this model has
acceptable values for all statistics and more importantly, a plausible clinical interpretation (see
Appendix-2 in supplement pp13-14). Inevitably, we may not have controlled for all known and
unknown confounders as this is an exploratory analysis modelled for associations, not causation. The
TAHS population is almost exclusively Caucasian and was born and mostly living in the State of
Tasmania, so the findings should be generalised to other ethnicities and geographic locations with

caution, and ideally validated in such cohorts when they become available.

In conclusion, we have described the heterogeneity of real-world cough by identifying six novel
adult cough subclasses in a general middle-aged population. Each subclass had distinct clinical and
spirometric characteristics over six decades. In the community and/or primary health care, our
evidence indicates that productive cough should be managed proactively including by routine/regular
measurement of lung function. Our study also highlights potential opportunities for early prevention
and screening of other chronic airway diseases, such as asthma and COPD, through the early
identification of high-risk cough subclasses. These LCA-defined cough subclasses are a substantial
refinement of the current epidemiological definition of chronic cough, addressing the heterogeneity
and complexity of cough. This framework could be applied to the management of cough in the
community and to guide future therapeutic studies to understand varying treatment responses. It may
also be expanded by adding risk factors, comorbidities, and demographic features once their
associations are established to map out the heterogeneity of cough beyond symptoms. Future studies,
including clinical trials, should measure features of cough (i.e., dry or productive cough) at baseline
and take them into account in the analysis. Investigations into potential treatable traits of different
cough subclasses are also indicated for future research, including early-life factors (airway

conditions and active/passive smoking) and asthma/allergies.
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Table 1 Demographic and clinical characteristics of participants across the six cough subclasses at age 53 years identified by latent class analysis.

Cough subclasses 1. Minimal 2. Cough with 3. Cough with 4. Intermittent 5. Chronic dry 6. Chronic
cough colds only allergies productive cough cough productive cough
(reference)
N (%) 206 (9.3%) 1189 (53.7%) 305 (13.8%) 213 (9.6%) 147 (6.6%) 153 (6.9%)
Australian-born * 200 (97.1%) 1147 (96.5%) 0.90 291 (95.4%) 0.34 205 (96.2%) 0.63 141 (95.9%) 0.48 148 (96.7%) 0.85
Female 105 (51.0%) 596 (50.1%) 0.82 204 (66.9%) <0.001 93 (43.7%) 0.13 76 (51.7%) 0.89 74 (48.4%) 0.63
Education 0.43 0.42 0.021 0.64 0.19
<12 years 69 (34.0%) 375 (31.8%) 88 (29.1%) 93 (44.3%) 46 (31.9%) 66 (43.4%)
=12 years 92 (45.3%) 511 (43.3%) 140 (46.4%) 92 (43.8%) 62 (43.1%) 60 (39.5%)
>University 42 (20.7%) 294 (24.9%) 74 (24.5%) 25 (11.9%) 36 (25.0%) 26 (17.1%)
Smoking 0.063 <0.001 0.61 0.53 <0.001
Never 79 (38.9%) 480 (40.9%) 149 (49.3%) 75 (35.4%) 59 (41.0%) 39 (26.2%)
Past 72 (35.5%) 476 (40.5%) 118 (39.1%) 74 (34.9%) 43 (29.9%) 35 (23.5%)
Current 52 (25.6%) 219 (18.6%) 35 (11.6%) 63 (29.7%) 42 (29.2%) 75 (50.3%)
SHS exposure 36 (17.7%) 238 (20.3%) 0.41 42 (13.9%) 0.24 65 (31.7%) 0.001 33 (22.6%) 0.26 47 (31.3%) 0.003
BMI (kg/m?) 27.8(5.1) 28.7(5.4) 0.019 29.3 (6.3) 0.004% 29.8 (6.3) <0.001 29.5(5.7) 0.005% 28.8 (6.3%) 0.128
Obesity 64 (31.5%) 395 (33.6%) 0.57 115 (37.8%) 0.15 83 (39.7%) 0.083 53 (37.1%) 0.28 54 (35.8%) 0.40
Pneumonia 29 (14.1%)  255(21.6%) 0.014 78 (25.9%) 0.001 53 (24.9%) 0.005 33 (22.5%) 0.042 37 (24.2%) 0.015
GORD 18 (8.8%) 148 (12.5%) 0.12 48 (15.8%) 0.020 31 (14.6%) 0.063 23 (15.9%) 0.042 23 (15.0%) 0.064
Current COPD 5(3.4%) 56 (6.5%) 0.15 22 (8.5%) 0.050 23 (15.2%) <0.001 13 (11.6%) 0.011 28 (26.9%) <0.001
Current CRS 8 (3.9%) 60 (5.1%) 0.477 38 (12.5%), 0.001 28 (13.2%) 0.001 16 (10.9%) 0.010 24 (15.8%) <0.001
Current asthma 31 (15.1%) 298 (25.1%) 0.002 134 (43.9%) <0.001 113 (53.3%) <0.001 72 (49.0%) <0.001 97 (63.4%) <0.001
Respiratory infection in the last 3 wks 5 (3.2%) 100 (11.1%) 0.003 21 (7.9%) 0.055 10 (6.4%) 0.19 7 (5.9%) 0.28 10 (9.1%) 0.042
ACE inhibitor use in the last 72 hrs 17 (11.2%) 76 (8.6%) 0.30 29 (11.0%) 0.95 21 (13.6%) 0.53 16 (13.8%) 0.52 10 (9.2%) 0.60
Current hay fever 74 (35.9%) 431 (36.3%) 0.91 220 (72.1%) <0.001 101 (47.4%) 0.017 81 (55.1%) <0.001 90 (58.8%) <0.001
Current eczema 10 (4.9%) 98 (8.3%), 0.093 32 (10.5%), 0.024 26 (12.3%), 0.007 22 (15.1%), 0.001 17 (11.1%), 0.027
Current food allergy 15 (7.4%) 152 (12.9%), 0.025 74 (24.5%), <0.001 26 (12.4%), 0.084 28 (19.4%), 0.001 24 (16.0%), 0.010
OSA Berlin risk 58 (30.7%) 433 (38.6%) 0.038 110 (39.0%) 0.065 96 (48.2%) <0.001 70 (51.1%) <0.001 74 (54.4%) <0.001
OSA STOP-Bang 0.031 0.035 0.010 0.059 0.023
Low risk 67 (42.7%) 302 (33.0%) 103 (40.6%) 48 (28.1%) 36 (29.0%) 29 (26.4%)
Moderate risk 42 (26.8%) 329 (36.0%) 96 (37.8%) 47 (27.5%) 39 (31.5%) 36 (32.7%)
High risk 48 (30.6%) 283 (31.0%) 55 (21.7%) 76 (44.4%) 49 (39.5%) 45 (40.9%)
Current anxiety (GAD>10) 11 (5.5%) 113 (9.7%) 0.058 32 (10.7%) 0.043 36 (17.1%) <0.001 23 (15.7%) 0.002 31 (20.7%) <0.001
Current depression (PHQ>10) 13 (6.6%) 86 (7.4%) 0.71 25 (8.5%) 0.46 28 (13.8%) 0.019 18 (12.3%) 0.070 23 (13.9%) 0.006
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Data are shown as n (%), n/N (%), or mean (SD), P values. P values compared with the “Minimal cough” subclass using Chi-Square tests or independent t-tests.
§ Welch’s test with the Satterthwaite approximation was taken due to unequal variance.

t Country of birth: Australia / other countries. Detailed definitions of each variable were shown in Table S2 (supplements, pp3).

Abbreviations: ACE: angiotensin-converting enzyme. BMI: body mass index; COPD: chronic obstructive pulmonary disease, defined as post-bronchodilator
FEV1/FVC <0.7, CRS: chronic rhinosinusitis, GAD-7, 7-item anxiety scale for generalised anxiety disorder, GORD: Gastro-oesophageal Reflux disease, OSA:
obstructive sleep apnea, PHQ-9: the patient health questionnaire, depression model; SHS: second-hand smoking, STOP-Bang: snoring, tiredness, observed
apnea, high blood pressure, BMI, age, neck circumference and male sex questionnaire.

Missing data (n): ACE inhibitor (530), education (22), smoking (33), BMI (26), COPD (574), respiratory infection (504), asthma (7), GORD (13), pneumonia
(11), current asthma (2), CRS (6), current eczema (9), current anxiety (44), current depression (61), food allergy (26), hay fever (3), OSA risks (148).
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