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ABSTRACT (250 Words)

Chronic Cough is a common troublesome condition, but risk factors for developing chronic
cough are poorly understood. The aim of this study was to understand the relationship

between mental health disorders, personality traits and chronic cough.

The Canadian Longitudinal Study on Aging is a prospective, nationally generalizable, random
sample of adults aged 45-85 at baseline recruited between 2011-2015 and followed-up 3 years
later. Chronic cough was defined a daily cough over the last 12 months. Incidental chronic
cough was defined as those participants who reported new-onset chronic cough between
baseline and follow-up 1. Current depressive symptoms and psychological distress was assessed
using the Center for Epidemiologic Study Short Depression Scale (CESD-10) and Kessler
Psychological Distress Scale (K-10) respectively. The ‘Big-Five’ personality traits were assessed
using the Ten-Item Personality Inventory (TIPI). Relative risks are reported using a multi-variate

mutually adjusted model.

At follow-up 1, 2,506 participants (11.1%) reported new-onset chronic cough during the
approximate 3-year interval. Depressive symptoms [CESD>10, RR 1.22(1.03-1.44)] and
psychological distress [K-10222, RR 1.20(1.07-1.36)] at baseline were both independent
predictors of a higher risk of incidental chronic cough. Prevalent and incidental chronic cough
was also independently associated with an increased risk of developing depressive symptoms
and psychological distress. Personality traits did not influence the development of chronic

cough but did increase the risk of depressive symptoms and psychological distress.

This study shows that there is a bi-directional relationship between chronic cough, depressive
symptoms and psychological distress and personality traits do not independently influence the

development of chronic cough.



INTRODUCTION

Chronic cough is a common troublesome condition with a global prevalence ranging from 2-
18%[1]. Cough is also the leading cause for ambulatory and primary care visits to physicians [2-
4] and chronic cough lasting greater than 8 weeks is one of the commonest reasons for referrals
to a pulmonologist[5]. Chronic cough is associated with significant impairment in the quality of
life including physical, social and psychological domains[6]. Understanding the risk factors that
lead to chronic cough could help identify at risk populations and knowledge of the
consequences can help provide better care by providing a more holistic patient centred

approach.

Risk factors for developing chronic cough from epidemiological studies from the general
community and specialist cough clinics have identified an increase in the prevalence and
incidence of chronic cough with aging, sex, current smoking, higher body mass index (BMI),
respiratory airways diseases (asthma, chronic obstructive airways diseases, bronchiectasis),
worsening lung function, airflow obstruction, and gastro-esophageal reflux disease (GERD)[7-9].
However, patients with chronic cough attending cough clinics, often have none of these

conditions.

A number of cross-sectional studies have recognised depression and mood disorders as one of
the most common co-morbidities associated with chronic cough[10-14]. However, it is not
possible to determine if mental health disorders are a risk factor or a consequence from cross-
sectional data. Current data from longitudinal studies are also inconclusive. The Rotterdam
study found no increase in the incidence of chronic cough in those with high depressive
symptom scores[15]. In contrast, descriptive data from the Canadian Longitudinal Study of
Ageing (CLSA) recently demonstrated that participants with self-reported prior history of
depression and anxiety had a greater incidence of chronic cough [8]. However, further analyses
are required to determine if the association of mental health with chronic cough is independent
on other covariates. Also, current symptoms of depression as well as psychological distress may

be more relevant predictors of chronic cough than a previous lifetime history of depression or



anxiety. The impact of personality traits should also be considered, as these are considered

important predictors of mental health disorders[16, 17].

The objective of this study was to investigate if mental health disorders and personality traits
are independently associated with the development of chronic cough, and secondly, whether
chronic cough is independently associated with the development of depressive symptoms and

psychological distress.
STUDY DESIGN AND METHODS
Study Design and Population

The Canadian Longitudinal Study on Ageing (CLSA) is a large, nationally generalizable, stratified
random sample of 51,338 Canadian men and women aged 45 to 85 years at baseline (2011-
2015) from the 10 Canadian provinces[18]. Eligible participants had to be physically and
cognitively able to participate on their own and not living in institutions such as long-term care
facilities. Participants were recruited in the tracking cohort (n=21,241) and the comprehensive
cohort (n=30,097). Participants in the comprehensive cohort were randomly selected from
within 25-50 km of 11 data collection sites, which are located in seven provinces(n=30,097). In
addition to completing interviews in-person, the comprehensive participants completed in-
depth physical assessments. Details on the study design have been described elsewhere[19].
Each participant is followed every three years for 20 years or until death. The first follow-up
was conducted between 2015 and 2018. The comprehensive data from baseline and follow-up
1 were included in the current analyses. This study was approved by the Hamilton integrated

Research Ethics Board and by the CLSA scientific advisory board (Project ID: 1909024).

Chronic Cough definition

Definitions were based on responses from direct questioning of participants by trained research
assistants at baseline and follow-up using standardised questionnaires. Participants at some
sites in Ontario and Quebec were given a choice to complete the interview in English or French.
The language used to complete the questionnaire was used as the dominant language of the

participant in this study. Participants who self-reported as having a daily cough on most days in



the last 12 months were categorized as having a chronic cough at baseline or follow-up 1.
Prevalent chronic cough was defined as those reporting chronic cough at baseline, whilst
incident chronic cough was defined as those participants who did not report chronic cough at

baseline but did at follow-up 1.
Assessment of Mental Health Disorders

The Center for Epidemiologic Study Short Depression Scale (CESD-10) was administered to
assess depressive symptoms at baseline and follow-up 1[20].The short version is a 10-item
guestionnaire that assesses feelings in the past one week of being easily bothered, difficulty
concentrating, depression, the effort required to perform activities, fearfulness, restless sleep,
loneliness, hopefulness about the future and happiness. Each item has four possible responses;
O—rarely or never, 1-some of the time, 2-occasionally, 3-all of the time. The positive questions
on happiness and hopefulness about the future are reversed scored and added to the other
eight questions to provide a total range of 0-30, where a score of 210 indicates current

depressive symptoms|[20, 21].

The Kessler Psychological Distress Scale (K-10) was administered to identify the more severe
range of psychological distress as it has been shown to predict a diagnosis of serious mental
illness[22, 23]. Questions are based on a four-week recall of feeling tired out, nervous, unable
to calm down, hopeless, restless or fidgety, unable to sit still, depressed, everything is an effort,
unable to be cheered up, worthless. These ten questions are rated on a scale of 1 (none of the
time) to 5 (all of the time) with a total possible score of 50, where a score 222 is considered

high or very high psychological distress[23].
Assessment of Personality Traits

The Big Five Personality traits of openness, conscientiousness, extraversion, agreeableness, and
emotional stability was measured using the Ten-ltem Personality Inventory (TIP1)[24]. This is a
10-item questionnaire with two paired items for each Big Five trait. Each item is scored on a 7-
point Likert Scale where 1 is ‘disagree strongly’, 4 is ‘neither agree nor disagree’, and 7 is ‘agree

strongly’. Five of the ten items are reversed scored, added with its matching pair in the relevant



Big Five trait, and averaged to provide a single score for each domain out of 7. A score of <4 was

considered low in that specific personality trait.
Statistical Analysis

Descriptive statistics for demographics and covariates are presented as categorical variables for
incidental chronic cough and reported as frequencies and percentages. Covariates which impact
the incidence of chronic cough were included in the core model; age, sex, smoking status, BMI,
educational level, province, self-reported general health, interview language (French vs.
English) and physician-diagnosed respiratory airways diseases (asthma, chronic obstructive

pulmonary disease)[25].

Baseline CESD-10, K-10 and individual personality trait scores was added to the final mutually
adjusted incidence model for chronic cough. The same covariates were used for incidental
depressive symptoms and psychological distress. Incident depressive symptoms was considered
in those participants who scored <10 at baseline but 210 at follow-up 1, and likewise for

K10<22 at baseline and 222 at follow-up 1.

We employed Proc GENMOD in SAS (version 9.4) with Poisson distribution and log link for
calculating the multivariable Relative Risk (RR) and assess the association of all covariates with
the outcomes of incidental cough, depressive symptoms, and psychological distress. The

analyses were also stratified by language (English vs. French).
RESULTS
Study Population and Demographics

The comprehensive cohort included 30,097 participants at baseline. A total of 29,972
completed the chronic cough question at baseline. At follow-up 1, 22,547 participants who did
not report chronic cough at baseline completed the chronic cough question. In this follow-up
sample who did not report baseline cough, 2,506 participants (11.1%, mean age 64.4 (S.D.
10.0)) reported new-onset chronic cough during the approximate 3-year interval. The
proportion of participants with incidental chronic was higher with increasing age, in males,

current smokers, was lowest in Quebec compared with Ontario (8.0% vs. 13.6% respectively)



(Table 1). There was a greater proportion of participants who developed chronic cough and
scored lower (<4) on the agreeableness, conscientiousness, and emotional stability personality
traits at baseline. Similarly, there was also a greater proportion who demonstrated higher
depressive symptoms (CESD>10: 15.2%) and psychological distress (K-10>22: 16.0%) at

baseline.
The Effects of Mental Health Disorders and Personality Traits on the Incidence of Chronic Cough

After adjusting for all the variables in the core model, depressive symptoms [CESD>10, RR 1.22
(1.03-1.44)] and psychological distress [K-10>22, RR 1.20 (1.07-1.36)] at baseline were both
independent predictors of a higher risk of incidental chronic cough 3-years later by 22% and
20% (Figure 1, and Table E1). None of the five personality traits independently demonstrated
any increased risk on the incidence of chronic cough. The effect of psychological distress and

depressive symptoms was similar for prevalent chronic cough (Figure E1).

The CESD-10 individual item scores were further explored by sub-classifying into lack of positive
affect (2 questions, maximum 6 points) and depressive affect scores (8 questions, maximum 16
points) with increasing cut-off values. A cut-off score of 1 for lack of positive affect was
associated with a 12% increase in chronic cough [RR 1.12, (1.02-1.23)] whilst a cut-off of 8 for

depressive affect scores demonstrated a 29% increase [1.29, (1.15-1.45) (Table E2).
The Effects of Chronic Cough on Depressive Symptoms

Compared with participants without chronic cough, those who had chronic cough at baseline,
at follow-up-1 or both, had a greater proportion of participants with new depressive symptoms
at follow-up 1 (CESD>10, Table 2). A greater proportion of participants who developed
depressive symptoms scored lower (<4) on the agreeableness, conscientiousness, emotional
stability, and openness to new experiences personality traits at baseline. In addition, there was
also a greater proportion who demonstrated higher psychological distress scores (K-

10>22:35.0%) at baseline.

After adjusting for all the variables in the core model, chronic cough at baseline, follow-up-1, or

both were all independently associated with an estimated 27% and 22% increase in the risk of



incident depressive symptoms [RR 1.27 (1.06-1.52), RR 1.22 (1.04-1.43), RR 1.27 (1.07-1.50)
respectively, Figure 2]. This was independent of the increased risk associated with a higher
psychological distress score [K-10>22, RR 3.13 (2.67-3.66)] at baseline, and lower scores (<4) on
extraversion, conscientiousness, emotional stability, and openness to new experiences

personality traits.
The Effects of Chronic Cough on Psychological Distress

Compared with participants without chronic cough, those who had chronic cough at baseline,
at follow-up 1 or both, had a 1.5-2.5% greater proportion of participants with new onset
symptoms of psychological distress at follow-up 1 (K-1022, Table 2). There was also a greater
proportion of participants who developed symptoms of psychological distress and scored lower
(<4) on the conscientiousness and emotional stability personality traits at baseline. In addition,
there was also a greater proportion who demonstrated higher depressive symptoms scores

(CESD=>10:13.0%) at baseline.

After adjusting for all the variables in the core model, chronic cough at baseline and follow-up
1, were both independently associated with an estimated 36% and 54% increase in the risk of
incident psychological distress [RR 1.36 (1.06-1.76), RR 1.54 (1.25-1.90), respectively, Figure 3].
This was independent of the increased risk associated with a higher depressive symptom score
[CESD>10, RR 3.74 (3.20-4.38)] at baseline, and lower scores (<4) on conscientiousness, and

emotional stability personality traits.
The Effects of English and French language on the Incidence of Chronic Cough

As the incidence of chronic cough was lowest in Quebec and highest in Ontario, the language
the interview was conducted in was included in the core model for incidence of chronic cough.
Compared to French speaking participants, those who were English speaking had a trend of
27% higher risk of incidental chronic cough [RR 1.27 (0.99-1.64), Table E1], independent of all
other covariates in the model. Hence, the relative risk of all covariates including mental health
disorders and personality traits for incident chronic cough were stratified based on English and
French speaking (Table E1). Personality traits was not associated with an increased risk in either

English and French speakers, however, only in English speakers was high depressive symptoms



[RR 1.30(1.14-1.48)] and high psychological distress [RR 1.21 (1.00-1.47)] associated with an

increased risk of developing chronic cough.

DISCUSSION

Healthcare professionals investigating and managing patients with refractory or unexplained
chronic cough often question whether excessive coughing is due to an expression of an
underlying mental health disorder or personality trait. The results of this study provide novel
insights which suggest that there is a bidirectional relationship which is indirectly influenced by
personality traits and also varies between English and French speakers. Depressive symptoms
and psychological distress are independently associated with the development of chronic
cough, but chronic cough also independently increases the risk of developing depressive
symptoms and psychological distress. Personality traits do not directly influence the
development of chronic cough, but may do so indirectly via their contribution to the
development of depressive symptoms and psychological distress (Figure 4). Furthermore, the
association of mental health disorders on the development of chronic cough was only found in

English speakers but not in French speakers.

Understanding the mechanisms by which mental health disorders might influence coughing
requires an appreciation of the neurophysiology of cough. Coughing is both under voluntary
and involuntary control, but is widely recognised that the cough reflex is the archetypal airway
defensive reflex which can be initiated by mechanical, chemical and thermal stimulation.
Chronic cough is currently thought to be due to dysregulation of the peripheral and/or central
nervous system[26, 27] and is often described as cough hypersensitivity syndrome[28] due to
either; i) increased stimulation of the peripheral nerve terminals, ii) neuronal hyperexcitability
of the afferent vagal nerve, brainstem and higher cortical projections[29-31] and/or iii)
impaired central inhibitory control[31-33]. Recent studies suggest patients with chronic cough
demonstrate a lack of voluntary cough suppression[34] and impairment in the descending
inhibitory control neurons[32, 34]. Impairment in these inhibitory neurons have also been
demonstrated in depression[35], but also irritable bowel syndrome[36], fibromyalgia[37], and
chronic pain[38], which are also associated with chronic cough([15, 39, 40]. The

neurotransmitters responsible for these inhibitory neurons to be functional are currently



thought to be endogenous opioids, endorphins, serotonin, norepinephrine, and dopamine[41-
44]. Current guidelines suggest off-label use of low-dose opioids, pregabalin, gabapentin and
amitriptyline for chronic cough, which would increase the levels of such neurotransmitters[45-
47]. This is further supported by two studies demonstrating improvement in depressive
symptoms after treatment of chronic cough[48, 49]. Therefore, depression and chronic cough

have a shared neurobiology.

The idea that chronic cough increases depressive symptoms and psychological distress is
conceptually more intuitive. The median cough frequency in patients with refractory or
unexplained chronic cough recruited into clinical trials over a 24-hr period is approximately 20
coughs/hr, with more coughing during the daytime than night-time [50-54]. This high number
of coughs results in impairment in physical, social, and psychological quality of life, including
fatigue, exhaustion, chest pains, hernia, rib fractures, sleep disturbance, urinary incontinence in
females and syncope in males[55-57]. Chronic cough significant impacts work-life with recent
evidence showing increased time missed from work, absenteeism, and increased sick days [58].
These provide reasons why patients with chronic cough might develop depressive symptoms
and psychological distress. Some of these symptoms are captured in cough quality of life
guestionnaires such as the Leicester Cough Questionnaire (LCQ) and Cough specific Quality of

Life Questionnaire (CQLQ) used in clinical trials and recommended in clinical practice[59, 60].

Personality traits do not directly and independently influence chronic cough, but the fact that
personality traits independently predict depressive symptoms and psychological distress is well
described, and provides some internal validity of the measurement tools used in the CLSA[61].
The nature of the relationship between personality and depression has been highly debated
with up to seven classical models described, divided into three groups. The first three (common
cause, continuum/spectrum, precursor) suggest personality and depression are distinct but
they arise from the same or similar etiological processes. The fourth and fifth (predisposition
and patho-plasticity) imply personality directly affects the onset or maintenance of depression.
The sixth and seventh models (concomitant and consequences) reverse the direction of
causality by suggesting depression has a causal influence on personality. These concepts

consider traits to be stable but other evidence suggests personality traits are dynamic and



amenable to change[62]. Genetic factors do contribute to long-term stability, but life stressors
and changes in relationships and work/social roles can also influence a change in personality
traits[63]. In contrast, pathological trait trajectories can also be reversed by positive life
experiences[64]. This is important because if depressive symptoms could lead to chronic cough,
it would be important to further evaluate the mediating processes and potentially modifiable

risk factors between personality traits and depression.

It was recognised as early as 1975 that bilingual speakers responded to the CES-D10
guestionnaire differently because the interviewee and interviewer may understand colloquial
expressions differently [65]. Similarly, studies have shown inconsistent evidence of validity and
reliability in the K-10 psychological distress scale amongst culturally diverse groups. In the CLSA,
we have previously reported an overall lower incidence of chronic cough in French speakers
compared with English speakers (under-review). This study also suggests that higher depression
and psychological distress in French speakers does not significantly increase the risk of chronic
cough. This could be due to lower numbers of French speaking participants with chronic cough,
such that depressive symptoms and psychological distress have insufficient power to detect
differences, or that language represents cultural norms, expectations, values, willingness to

disclose information which can differ across English and French speaking cultures.

There are limitations to this study. First, depressive symptoms and psychological distress levels
were assessed using questionnaires. Although these are validated for use in epidemiological
studies, high scores may not always result in a clinical diagnosis of depression. Second, we
currently do not have available complete analysable data on anti-depressant medication use,
which could help ascertain the clinical validity of the high depressive symptoms scores. Third,
the CESD-10 and K-10 have questions which relate to anxiety, but we have not analysed the
independent effect of every item on the questionnaire as this was not the intended use of the
guestionnaires and cut-points for individual items are unknown. Fourth, the recall time period
was different for each of the questionnaires — chronic cough was 12 months, depressive
symptoms over the previous one week, and psychological distress over the previous four
weeks. These different time intervals could result in an inadequate representation of patient

symptoms over a three year time period between baseline and follow-up 1 where scores may



have changed over time, due to personal, social, and work stressors. Such factors are
unaccounted for. We decided to use a baseline exposure model to investigate chronic cough.
We have not analysed the change in mental health scores between baseline and follow-up 1. It
is possible that someone improves in their depressive symptoms or psychological distress
scores after baseline and then develops chronic cough 3 years later. Fifth, this is an
epidemiological study from the general community and not from a specialist cough clinic, hence
these findings may not be generalizable to patients attending a chronic cough clinic.
Furthermore, detailed information about the cough severity, intensity, and therapeutic
interventions were not available. The limitation of studying the effects of mental health
disorder in a cough clinic, is that chronic cough has already occurred, and retrospectively
assessing the effect of mental health and personality is extremely challenging. Only the impact

of chronic cough on mental health over time can be assessed.
Conclusions

Personality traits of low emotional stability, conscientiousness, extraversion, and openness to
experiences increase the risk of mental health disorders and psychological distress, which
independently increase the risk of developing chronic cough. However, chronic cough also

increases the risk of developing depressive symptoms and psychological distress.



Acknowledgements:

Guarantor Statement: P.R. had full access to all of the data in the study and takes responsibility

for the integrity of the data and the accuracy of the data analysis.

Author contributions: I.S, A.M, K.J.K., P.O.B, P.R. contributed substantially to the study concept
and design. All authors made substantial contributions to the acquisition, analysis, or
interpretation of data for the manuscript. I.S, A.M, S.N. contributed substantially to drafting of
the manuscript. All authors contributed to the critical revision of the manuscript for important
intellectual content, final approval of the version to be published, and agreement to be
accountable for all aspects of the work in ensuring that questions related to the accuracy or

integrity of any part of the work are appropriately investigated and resolved.

Financial/non-financial disclosures: This study was funded by Merck Canada as an investigator-
initiated grant to I.S and P.O.B. L.S. reports grant from ERS Respire 3 Marie Curie Fellowship,
grants and personal fees from Merck Canada, personal fees from GSK and AstraZeneca, outside
the submitted work; POB reports grants and personal fees from AstraZeneca, personal fees
from GSK, grants from Novartis, grants and personal fees from Medimmune, personal fees from
Chiesi, outside the submitted work. A.M, S.N, KIK, OK, MEO, PR have no financial disclosures to

report.

Role of Sponsor: The study sponsor had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; preparation, review, or

approval of the manuscript; and decision to submit the manuscript for publication.

Additional Information: This research was made possible using the data/biospecimens
collected by the Canadian Longitudinal Study on Aging (CLSA). Funding for the Canadian
Longitudinal Study on Aging (CLSA) is provided by the Government of Canada through the
Canadian Institutes of Health Research (CIHR) under grant reference: LSA 94473 and the
Canada Foundation for Innovation as well as the following provinces, Newfoundland, Nova
Scotia, Quebec, Ontario, Manitoba, Alberta, and British Columbia. This research has been

conducted using the CLSA dataset, Baseline and Follow-up 1 Comprehensive Dataset, under



Application Number 1909024. The CLSA is led by Drs. Parminder Raina, Christina Wolfson and
Susan Kirkland. The opinions expressed in this manuscript are the author’s own and do not
reflect the views of the Canadian Longitudinal Study on Aging. The final manuscript was
reviewed and approved by the Publication Review Committee of the Canadian Longitudinal

Study for Ageing (CLSA).

Data Availability Statement. Data are available from the Canadian Longitudinal Study on Aging

(www.clsa-elcv.ca) for researchers who meet the criteria for access to de-identified CLSA data.



REFERENCES:

1. Song W-J, Chang Y-S, Faruqi S, Kim J-Y, Kang M-G, Kim S, Jo E-J, Kim M-H, Plevkova J, Park H-W,
Cho S-H, Morice AH. The global epidemiology of chronic cough in adults: a systematic review and meta-
analysis. European Respiratory Journal 2015: ERJ-02187-02014.

2. Finley CR, Chan DS, Garrison S, Korownyk C, Kolber MR, Campbell S, Eurich DT, Lindblad AJ,
Vandermeer B, Allan GM. What are the most common conditions in primary care? Systematic review.
Can Fam Physician 2018: 64(11): 832-840.

3. Burt CW, Schappert SM. Ambulatory care visits to physician offices, hospital outpatient
departments, and emergency departments; United States, 1999-2000: data from the National Health
Care Survey. 2004.

4, Finley CR, Chan DS, Garrison S, Korownyk C, Kolber MR, Campbell S, Eurich DT, Lindblad AJ,
Vandermeer B, Allan GM. What are the most common conditions in primary care?: Systematic review.
Canadian Family Physician 2018: 64(11): 832-840.

5. Irwin RS, Curley FJ, French CL. Chronic cough. Network for Continuing Medical Education, 1999.
6. French CL, Irwin RS, Curley FJ, Krikorian CJ. Impact of chronic cough on quality of life. Archives of
internal medicine 1998: 158(15): 1657-1661.

7. Colak Y, Nordestgaard BG, Laursen LC, Afzal S, Lange P, Dahl M. Risk Factors for Chronic Cough
Among 14,669 Individuals From the General Population. Chest 2017: 152(3): 563-573.

8. Satia I, Mayhew AJ, Sohel N, Kurmi O, Killian KJ, O'Byrne PM, Raina P. Prevalence, incidence and

characteristics of chronic cough among adults from the Canadian Longitudinal Study on Aging. ERJ Open
Res 2021: 7(2).

9. Arinze JT, de Roos EW, Karimi L, Verhamme KM, Stricker BH, Brusselle GG. Prevalence and
incidence of, and risk factors for chronic cough in the adult population: the Rotterdam Study. ERJ Open
Research 2020: 6(2).

10. Sohn KH, Song W/, Kim SH, Jang HC, Kim KW, Chang YS. Chronic cough, not asthma, is associated
with depression in the elderly: a community-based population analysis in South Korea. Korean J Intern
Med 2019: 34(6): 1363-1371.

11. Dicpinigaitis PV, Tso R, Banauch G. Prevalence of depressive symptoms among patients with
chronic cough. Chest 2006: 130(6): 1839-1843.

12. Adams RJ, Appleton SL, Wilson DH, Taylor AW, Ruffin RE. Associations of physical and mental
health problems with chronic cough in a representative population cohort. Cough (London, England)
2009: 5(1): 1-9.

13. Heo IR, Kim JY, Go SI, Kim TH, Ju S, Yoo JW, Lee SJ, Cho YJ, Jeong YY, Lee JD. Chronic cough is
associated with depressive mood in women regardless of smoking status and lung function. The Clinical
Respiratory Journal 2021.

14. Hulme K, Deary V, Dogan S, Parker SM. Psychological profile of individuals presenting with
chronic cough. ERJ open research 2017: 3(1).

15. Arinze JT, Verhamme KM, Luik Al, Stricker B, van Meurs JB, Brusselle GG. The interrelatedness of
chronic cough and chronic pain. European Respiratory Journal 2020.

16. Kotov R, Gamez W, Schmidt F, Watson D. Linking “big” personality traits to anxiety, depressive,
and substance use disorders: a meta-analysis. Psychological bulletin 2010: 136(5): 768.

17. Clark LA, Watson D, Mineka S. Temperament, personality, and the mood and anxiety disorders.
Journal of abnormal psychology 1994: 103(1): 103.

18. Raina PS, Wolfson C, Kirkland SA, Griffith LE, Oremus M, Patterson C, Tuokko H, Penning M,
Balion CM, Hogan D. The Canadian longitudinal study on aging (CLSA). Canadian Journal on Aging/La
Revue canadienne du vieillissement 2009: 28(3): 221-229.



19. Raina P, Wolfson C, Kirkland S, Griffith LE, Balion C, Cossette B, Dionne |, Hofer S, Hogan D, van
den Heuvel E. Cohort profile: the Canadian longitudinal study on aging (CLSA). International journal of
epidemiology 2019: 48(6): 1752-1753;.

20. Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for depression in well older adults:
Evaluation of a short form of the CES-D. American journal of preventive medicine 1994: 10(2): 77-84.

21. Radloff LS. The CES-D scale: A self-report depression scale for research in the general
population. Applied psychological measurement 1977: 1(3): 385-401.

22. Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand S-L, Walters EE, Zaslavsky AM.
Short screening scales to monitor population prevalences and trends in non-specific psychological
distress. Psychological medicine 2002: 32(6): 959-976.

23. Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, Howes MJ, Normand S-LT,
Manderscheid RW, Walters EE. Screening for serious mental illness in the general population. Archives
of general psychiatry 2003: 60(2): 184-189.

24. Gosling SD, Rentfrow PJ, Swann Jr WB. A very brief measure of the Big-Five personality domains.
Journal of Research in personality 2003: 37(6): 504-528.

25. Satia I, Mayhew AJ, Sohel N, Kurmi O, Killian KJ, O'Byrne PM, Raina P. Prevalence, incidence, and
characteristics of chronic cough among adults from the Canadian Longitudinal Study on Ageing (CLSA).
ERJ Open Research 2021.

26. Lee KK, Davenport PW, Smith JA, Irwin RS, McGarvey L, Mazzone SB, Birring SS, Panel CEC.
Global physiology and pathophysiology of cough: Part 1. Cough phenomenology: CHEST Guideline and
Expert Panel report. Chest 2020.

27. McGarvey L, Rubin BK, Ebihara S, Hegland K, Rivet A, Irwin RS, Bolser DC, Chang AB, Gibson PG,
Mazzone SB. Global physiology and pathophysiology of cough: Part 2. Demographic and clinical
considerations: CHEST Expert Panel report. Chest 2021.

28. Morice AH, Millgvist E, Belvisi MG, Bieksiene K, Birring SS, Chung KF, Dal Negro RW, Dicpinigaitis
P, Kantar A, McGarvey LP, Pacheco A, Sakalauskas R, Smith JA. Expert opinion on the cough
hypersensitivity syndrome in respiratory medicine. Eur Respir J 2014: 44(5): 1132-1148.

29. Hilton EC, Baverel PG, Woodcock A, Van Der Graaf PH, Smith JA. Pharmacodynamic modeling of
cough responses to capsaicin inhalation calls into question the utility of the C5 end point. J Allergy Clin
Immunol 2013: 132(4): 847-855 e841-845.

30. Koskela HO, Nurmi HM, Purokivi MK. Cough-provocation tests with hypertonic aerosols. ERJ
Open Res 2020: 6(2).

31. Ando A, Smallwood D, McMahon M, Irving L, Mazzone SB, Farrell MJ. Neural correlates of cough
hypersensitivity in humans: evidence for central sensitisation and dysfunctional inhibitory control.
Thorax 2016: 71(4): 323-329.

32. Hilton E, Satia I, Holt K, Woodcock AA, Belcher J, Smith JA. The Effect of Pain Conditioning on
Experimentally Evoked Cough: Evidence of Impaired Endogenous Inhibitory Control Mechanisms in
Refractory Chronic Cough. Eur Respir J 2020.

33. Satia I, lovoli E, Holt K, Woodcock AA, Belcher J, Smith JA. Reply to: Noxious cold stimulation:
pro-con perspectives on the hypothermic effect on experimentally evoked cough. Eur Respir J 2021:
57(3).

34. Cho PS, Fletcher HV, Turner RD, Jolley CJ, Birring SS. Impaired cough suppression in chronic
refractory cough. European Respiratory Journal 2019: 53(5).

35. de Souza JB, Potvin S, Goffaux P, Charest J, Marchand S. The deficit of pain inhibition in
fibromyalgia is more pronounced in patients with comorbid depressive symptoms. The Clinical journal of
pain 2009: 25(2): 123-127.



36. Wilder-Smith CH, Schindler D, Lovblad K, Redmond SM, Nirkko A. Brain functional magnetic
resonance imaging of rectal pain and activation of endogenous inhibitory mechanisms in irritable bowel
syndrome patient subgroups and healthy controls. Gut 2004: 53(11): 1595-1601.

37. Julien N, Goffaux P, Arsenault P, Marchand S. Widespread pain in fiboromyalgia is related to a
deficit of endogenous pain inhibition. Pain 2005: 114(1-2): 295-302.

38. Colloca L, Ludman T, Bouhassira D, Baron R, Dickenson AH, Yarnitsky D, Freeman R, Truini A,
Attal N, Finnerup NB, Eccleston C, Kalso E, Bennett DL, Dworkin RH, Raja SN. Neuropathic pain. Nat Rev
Dis Primers 2017: 3: 17002.

39. Waylonis GW, Heck W. Fibromyalgia syndrome. New associations. American Journal of Physical
Medicine & Rehabilitation 1992: 71(6): 343-348.
40. Ford AC, Forman D, Moayyedi P, Morice AH. Cough in the community: a cross sectional survey

and the relationship to gastrointestinal symptoms. Thorax 2006: 61(11): 975-979.

41. Baba Y, Kohase H, Oono Y, Fujii-Abe K, Arendt-Nielsen L. Effects of dexmedetomidine on
conditioned pain modulation in humans. European Journal of Pain 2012: 16(8): 1137-1147.

42. Lindstedt F, Berrebi J, Greayer E, Lonsdorf TB, Schalling M, Ingvar M, Kosek E. Conditioned pain
modulation is associated with common polymorphisms in the serotonin transporter gene. PloS one
2011: 6(3): e18252.

43. Treister R, Pud D, Eisenberg E. The dopamine agonist apomorphine enhances conditioned pain
modulation in healthy humans. Neuroscience letters 2013: 548: 115-119.
44, Julien N, Marchand S. Endogenous pain inhibitory systems activated by spatial summation are

opioid-mediated. Neuroscience letters 2006: 401(3): 256-260.

45, Morice AH, Millgvist E, Bieksiene K, Birring SS, Dicpinigaitis P, Domingo Ribas C, Hilton Boon M,
Kantar A, Lai K, McGarvey L, Rigau D, Satia |, Smith J, Song WJ, Tonia T, van den Berg JWK, van Manen
MIJG, Zacharasiewicz A. ERS guidelines on the diagnosis and treatment of chronic cough in adults and
children. Eur Respir J 2020: 55(1).

46. Gibson P, Wang G, McGarvey L, Vertigan AE, Altman KW, Birring SS, Panel CEC. Treatment of
Unexplained Chronic Cough: CHEST Guideline and Expert Panel Report. Chest 2016: 149(1): 27-44.

47. Satia I, Wahab M, Kum E, Kim H, Lin P, Kaplan A, Hernandez P, Bourbeau J, Boulet L, Field S.
Chronic cough: Investigations, management, current and future treatments. Canadian Journal of
Respiratory, Critical Care, and Sleep Medicine 2021: 1-13.

48. French CL, Crawford SL, Bova C, Irwin RS. Change in psychological, physiological, and situational
factors in adults after treatment of chronic cough. Chest 2017: 152(3): 547-562.

49. Dicpinigaitis PV, Tso R, Banauch G. Prevalence of depressive symptoms among patients with
chronic cough. Chest 2006: 130(6): 1839-1843.

50. Abdulgawi R, Dockry R, Holt K, Layton G, McCarthy BG, Ford AP, Smith JA. P2X3 receptor
antagonist (AF-219) in refractory chronic cough: a randomised, double-blind, placebo-controlled phase 2
study. Lancet 2015: 385(9974): 1198-1205.

51. Smith JA, Holt K, Dockry R, Sen S, Sheppard K, Turner P, Czyzyk P, McGuinness K. Performance of
a digital signal processing algorithm for the accurate quantification of cough frequency. Eur Respir J
2021.

52. Smith JA, Kitt MM, Butera P, Smith SA, Li Y, Xu ZJ, Holt K, Sen S, Sher MR, Ford AP. Gefapixant in
two randomised dose-escalation studies in chronic cough. European Respiratory Journal 2020: 1901615.
53. Smith JA, Kitt MM, Morice AH, Birring SS, McGarvey LP, Sher MR, Li Y-P, Wu W-C, Xu ZJ, Muccino
DR. Gefapixant, a P2X3 receptor antagonist, for the treatment of refractory or unexplained chronic
cough: a randomised, double-blind, controlled, parallel-group, phase 2b trial. The Lancet Respiratory
Medicine 2020: 8(8): 775-785.



54. Morice A, Smith JA, McGarvey L, Birring SS, Parker SM, Turner A, Hummel T, Gashaw |, Fels L,
Klein S. Eliapixant (BAY 1817080), a P2X3 receptor antagonist, in refractory chronic cough: a
randomised, placebo-controlled, crossover phase 2a study. European Respiratory Journal 2021.

55. French CL, Irwin RS, Curley FJ, Krikorian CJ. Impact of chronic cough on quality of life. Archives of
internal medicine 1998: 158(15): 1657-1661.

56. Young EC, Smith JA. Quality of life in patients with chronic cough. Therapeutic advances in
respiratory disease 2010: 4(1): 49-55.

57. Morice A, Dicpinigaitis P, McGarvey L, Birring SS. Chronic cough: new insights and future
prospects. European Respiratory Review 2021: 30(162).

58. Koskela HO, Latti AM, Pekkanen J. The impacts of cough: a cross-sectional study in a Finnish
adult employee population. ERJ open research 2018: 4(4).

59. Birring S, Prudon B, Carr A, Singh S, Morgan M, Pavord |. Development of a symptom specific
health status measure for patients with chronic cough: Leicester Cough Questionnaire (LCQ). Thorax
2003: 58(4): 339-343.

60. French CT, Irwin RS, Fletcher KE, Adams TM. Evaluation of a cough-specific quality-of-life
guestionnaire. Chest 2002: 121(4): 1123-1131.

61. Klein DN, Kotov R, Bufferd SJ. Personality and depression: explanatory models and review of the
evidence. Annual review of clinical psychology 2011: 7: 269-295.
62. Roberts BW, DelVecchio WF. The rank-order consistency of personality traits from childhood to

old age: a quantitative review of longitudinal studies. Psychological bulletin 2000: 126(1): 3.

63. Kandler C, Bleidorn W, Riemann R, Spinath FM, Thiel W, Angleitner A. Sources of cumulative
continuity in personality: A longitudinal multiple-rater twin study. Journal of Personality and Social
Psychology 2010: 98(6): 995.

64. J O, A dJ. On vulnerability to common mental disorders. An evidence-based plea for a
developmental perspective. In Common Mental Disorders in Primary Care: Essays in Honour of Professor
Sir David Goldberg, . Routledge, 2003.

65. Trieman B. Depressive mood among middle class urban ethnic groups: Technical Report,
Contract HSM 42-73-238, National Institute of Mental Health; 1975.



Table 1: Descriptive Data on Incident Chronic Cough at Follow-Up 1 (n=22547).

Incident chronic cough

Yes

No

N (%)

N (%)

TOTAL

2506 (11.1)

20041 (90.9)

Age

45-54

498 (8.2)

5605 (91.8)

55-64

810 (10.7)

6756 (89.3)

65-74

698 (12.9)

4705 (87.1)

75+

500 (14.4)

2975 (85.6)

Sex

Male

1329 (12.2)

9571 (87.8)

Female

1177 (10.1)

10470 (89.9)

Smoking

Never

1163 (9.4)

11227 (90.6)

Previous

1053 (12.1)

7638 (87.9)

Current

281 (21.0)

1056 (79.0)

Provinces

Newfoundland & Labrador

186 (11.3)

1463 (88.7)

Nova Scotia

183 (9.4)

1767 (90.6)

Quebec

389 (8.0)

4466 (92.0)

Ontario

665 (13.6)

4234 (86.4)

Manitoba

275 (12.1)

1995 (87.9)

Alberta

278 (12.4)

1969 (87.6)

British Columbia

530 (11.3)

4147 (88.7)

Personality Trait Scores

low (<4)

857 (11.0)

6915 (89.0)

extraversion high (>4)

1585 (11.1)

12649 (88.9)

low (<4)

106 (13.3)

693 (86.7)

agreeableness high (>4)

2339 (11.0)

18937 (89.0)

low (<4)

108 (16.4)

551 (83.6)

conscientiousness high (24)

2343 (10.9)

19111 (89.1)

low (<4)

236 (13.9)

1462 (86.1)

emotional stability high (24)

2216 (10.9)

18205 (89.1)

low (<4)

239 (11.0)

1927 (89.0)

openness to experiences

high (>4)

2184 (11.1)

17571 (88.9)

Depressive Symptoms Score

CESD<10

2020 (10.4)

17330 (89.6)

CESD=10

479 (15.2)

2671 (84.8)

Psychological Distress Score

K-10<22

2208 (10.7)

18368 (89.3)

K-10>22

232 (16.0)

1222 (84.0)




Table 2: Descriptive Data on Incident Depressive Symptoms and Psychological Distress at Follow-Up 1.

Incident Depressive

Incident Psychological

Symptoms (CESD210) Distress (K-10222)
Yes No Yes No
N (%) N (%) N (%) N (%)
Personality Trait Score
extraversion low (<4) 713 (9.7)| 6645 (90.3) 332(3.9) 8186 (96.1)
high (24)| 1013 (7.0)| 13395 (93.0) 533(3.3)] 15576 (96.7)
agreeableness low (<4) 81(11.0) 655 (89.0) 43 (4.9) 826 (95.1)
high (24)| 1647 (7.8)| 19427 (92.2) 820(3.4)| 22997 (96.6)
conscientiousness low (<4) 94 (19.4) 391 (80.6) 55 (9.3) 554 (90.7)
high (24)| 1643 (7.7)| 19712 (92.3) 814 (3.4)| 23298 (96.6)
emotional stability low (<4)| 258(23.1) 859 (76.9)| 183 (14.0) 1127 (86.0)
high (24)| 1478 (7.1)| 19263 (92.9) 685 (2.9)| 22731(97.1)
openness to experiences low (<4)| 227 (11.3)| 1777 (88.7) 101 (4.3) 2238 (95.7)
high (24)| 1495 (7.6)| 18171 (92.4) 758 (3.4)| 21423 (96.6)
Depressive Symptoms Score
CESD<10 502 (2.3)| 21446 (97.7)
CESD210 370 (13.0) 2471 (87.0)
Psychological Distress Score
K-10<22| 1473 (7.0)| 19579 (93.0)
K-10222| 254 (35.0) 471 (65.0)
Chronic cough Status
No Chronic Cough| 1227 (7.2)| 15839 (92.8) 541 (3.0)| 17677 (97.0)
Cough at Baseline only| 149 (10.2)| 1318 (89.8) 74 (4.5) 1564 (95.5)
Cough at FU-1 only| 198 (10.0)| 1773 (90.0) 120 (5.5) 2067 (94.5)
Cough at baseline and FU-1| 195 (11.7)| 1470 (88.3) 88 (4.7) 1785 (95.3)




Figure 1: The Independent Effects of Personality Traits, Depressive Symptoms and Psychological
Distress on the Incidence of Chronic Cough. Complete model is mutually adjusted for all variables
including age, sex, smoking status, BMI, educational level, province, self-reported general
health, interview language, and physician-diagnosed respiratory airways diseases (asthma,
chronic obstructive pulmonary disease).
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Figure 2: The Independent Effects of Chronic Cough, Personality Traits, and Psychological Distress on
the Incidence of Depressive Symptoms. Complete model is mutually adjusted for all variables including
age, sex, smoking status, BMI, educational level, province, self-reported general health,
interview language, and physician-diagnosed respiratory airways diseases (asthma, chronic
obstructive pulmonary disease)

Figure 2
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Figure 3: The Independent Effects of Chronic Cough, Personality Traits, and Depressive Symptoms on
the Incidence of Psychological Distress. Complete model is mutually adjusted for all variables including:
age, sex, smoking status, BMI, educational level, province, self-reported general health,
interview language, and physician-diagnosed respiratory airways diseases (asthma, chronic
obstructive pulmonary disease)

Figure 3
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Figure 4: Summary of Findings
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Table E1: Mutually Adjusted Incidence of Chronic Cough in all participants and stratified by English

and French Speaking.

Time in years between baseline & FU1
Age Groups
45-54
55-64
65-74
75+
Sex
Male
Female
Highest education level (4 levels)
< Secondary
Secondary
Some post
Post secondary
Body mass index (WHO categories)
Under wt.
Normal
Overweight
Obese
Smoker
Non-smoker
Previous
Current
Province of residence
Newfoundland & Labrador
Nova Scotia
Quebec
Ontario
Manitoba
Alberta
British Columbia
Perceived General Health
Poor/fair
good/very good/Excellent
Interview Language

ALL Participants ENGLISH FRENCH
Mutually adjusted Mutually adjusted Mutually adjusted
model model model

RR 95% Cl RR 95% CI RR 95% Cl
1.0 094 1.28 | 1.11 094 1.32 1.04 0.71 153
Ref Ref Ref

129 1.15 145 | 128 112 145 | 1.34 1.01 1.78
164 145 185 | 1.69 148 1.93 137 1.00 1.88
1.89 166 217 | 1.98 1.72 230 | 142 098 2.05
123 113 134 | 1.25 114 137 | 111 0.89 1.38
Ref Ref Ref

091 074 112 | 089 070 1.13 | 098 0.64 1.50
0.83 0.67 104 | 082 064 105 | 093 0,50 1.75
082 069 098 | 0.82 0.67 100 | 0.83 059 1.17
093 054 161 | 082 042 158 | 1.25 045 3.48
Ref Ref Ref

1.23 111 137 | 121 108 136 | 134 1.03 1.76
144 128 161 | 143 126 161 | 1.50 1.13 2.00
Ref Ref Ref

1.14 105 125 | 1.17 107 129 | 0.99 0.78 1.26
230 199 264 | 222 189 261 | 238 176 3.22
0.83 0.70 099 | 0.82 0.69 0.98

071 059 0.84 | 0.70 0.59 0.83

071 055 091 | 061 043 0.86 | 094 060 1.48
Ref Ref Ref

0.89 0.76 104 | 0.88 0.76 1.03

090 0.77 1.05 | 0.89 0.76 1.05

0.88 0.78 099 | 0.87 0.77 0.98

1.28 111 147 | 126 1.08 147 | 135 096 191
Ref Ref Ref




English
French
Chronic Respiratory Diseases
No Asthma or COPD
Asthma only
COPD only
Both Asthma and COPD
Personality trait Scores
Extraversion Score(ref>=4)
Agreeableness Score(ref>=4)
Conscientiousness Score(ref>=4)
Emotional Stability Score(ref>=4)
Openness to Experiences Score(ref>=4)
Depressive Symptoms
CESD<10
CESD=10
Psychological Distress Scale
K-10<22
K-10222

1.27
Ref

Ref
1.41
1.52
1.70

0.99
1.10

1.20
1.08
0.97

Ref
1.20

Ref
1.22

0.99

1.25
1.24
131

0.91
0.90
0.97
0.93
0.84

1.07

1.03

1.64

1.59
1.85
2.21

1.09
1.35

1.47
1.27
1.11

1.36

1.44

Ref
1.32
1.33
1.51

1.00
1.17

1.22
1.06
0.97

Ref
1.30

Ref
1.21

1.16
1.06
1.11

0.91
0.94
0.98
0.88
0.83

1.14

1.00

1.51
1.66
2.06

1.10
1.44

1.52
1.27
1.13

1.48

1.47

Ref
2.03
2.90
2.74

0.99
0.68

1.01
1.15
0.94

Ref
0.78

Ref
1.26

1.52
1.86
1.65

0.79
0.33
0.53
0.83
0.69

0.57

0.90

2.71
4.52
4.56

1.23
1.38

1.90
1.60
1.28

1.08

1.77




Table E2: Incidence of Chronic Cough based on lack of positive affect and depressive symptoms with
increasing scores. Mutually Adjusted Model.

Time in years between baseline & FU1

Personality trait
Extraversion Score(ref>=4)

Agreeableness Score(ref>=4)
Conscientiousness Score(ref>=4)
Emotional Stability Score(ref>=4)

Openness to Experiences Score(ref>=4)

Lack of Positive affect Scores
No
Yes
Depressive affect Score
No
Yes
Psychological Distress Score
<22
>=22

Mutually adjusted

Mutually adjusted

Mutually adjusted

model model model
RR 95% ClI RR 95% ClI RR 95% ClI
1.11 095 1.29 111 095 130 1.12 096 1.30
099 090 108 099 091 1.09 1.00 092 1.10
110 090 135 1.10 090 135 1.11 0.90 1.35
118 096 145 119 096 1.46 120 097 1.48
1.06 091 125 106 091 1.25 1.09 0.93 1.27
096 084 1.11 097 0.84 112 097 084 1.12

Ref
1.12 1.02 1.23
Ref
1.19 1.08 1.32
Ref
1.20 1.02 1.41

1.05 0.95 1.16

129 115 145

1.17 0.99 1.38

1.09 096 1.23

1.14 098 1.32

123 104 145




Figure E1: The Independent Effects of Personality Traits, Depressive Symptoms and Psychological
Distress on the Prevalence of Chronic Cough. Complete model is mutually adjusted for all variables
including age, sex, smoking status, BMI, province, self-reported general health, interview
language, and physician-diagnosed respiratory airways diseases (asthma, chronic obstructive
pulmonary disease).
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