
Articles
Prevalence of chronic cough, its risk factors and population
attributable risk in the Burden of Obstructive Lung Disease
(BOLD) study: a multinational cross-sectional study
Hazim Abozid,a,b,∗ Jaymini Patel,c Peter Burney,c Sylvia Hartl,b,d Robab Breyer-Kohansal,b,e Kevin Mortimer,f ,g Asaad A. Nafees,h Mohammed Al
Ghobain,i,j TobiasWelte,k Imed Harrabi,l MeriamDenguezli,m Li Cher Loh,n Abdul Rashid,n Thorarinn Gislason,o,p Cristina Barbara,q,r Joao Cardoso,s,t

Fatima Rodrigues,r,u Terence Seemungal,v Daniel Obaseki,w,x Sanjay Juvekar,y Stefanni Nonna Paraguas,z Wan C. Tan,aa Frits M. E. Franssen,ab

Filip Mejza,ac David Mannino,ad,ae Christer Janson,af Hamid Hacene Cherkaski,ag Mahesh Padukudru Anand,ah Hasan Hafizi,ai Sonia Buist,aj

ParvaizA. Koul,ak AsmaEl Sony,al Marie-Kathrin Breyer,a,b Otto C. Burghuber,b,d Emiel F.M.Wouters,b,ab,an and Andre F. S. Amaral,c,am,an on behalf of
the BOLD Collaborative Research Groupao

aDepartment of Respiratory and Pulmonary Diseases, Clinic Penzing, Vienna Healthcare Group, Vienna, Austria
bLudwig Boltzmann Institute for Lung Health, Vienna, Austria
cNational Heart and Lung Institute, Imperial College London, London, UK
dSigmund Freud University, Faculty for Medicine, Vienna, Austria
eDepartment of Respiratory and Pulmonary Diseases, Clinic Hietzing, Vienna Healthcare Group, Vienna, Austria
fUniversity of Cambridge, Cambridge, UK
gLiverpool University Hospitals NHS Foundation Trust, Liverpool, UK
hDepartment of Community Health Sciences, Aga Khan University, Karachi, Pakistan
iKing Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia
jKing Abdullah International Medical Research Centre, Riyadh, Saudi Arabia
kDepartment of Respiratory Medicine/Infectious Disease, Member of the German Centre for Lung Research, Hannover School of
Medicine, Germany
lIbn El Jazzar Faculty of Medicine of Sousse, University of Sousse, Sousse, Tunisia
mDepartment of Pneumology, Faculty of Medicine Annaba, University Badji Mokhtar of Annaba, Annaba, Algeria
nRoyal College of Surgeons in Ireland and University College Dublin Malaysia Campus, Penang, Malaysia
oFaculty of Medicine, University of Iceland, Reykjavík, Iceland
pDepartment of Sleep, Landspitali - The National University Hospital of Iceland, Reykjavik, Iceland
qInstituto de Saúde Ambiental, Faculdade de Medicina, Universidade de Lisboa, Lisbon, Portugal
rServiço de Pneumologia, Centro Hospitalar Universitário Lisboa Norte, Lisbon, Portugal
sPulmonology Department, Centro Hospitalar Universitário de Lisboa Central, Lisboa, Portugal
tNOVA Medical School, Nova University Lisbon, Lisboa, Portugal
uInstitute of Environmental Health, Associate Laboratory TERRA, Lisbon Medical School, Lisbon University, Lisbon, Portugal
vFaculty of Medical Sciences, University of West Indies, St Augustine, Trinidad and Tobago
wDepartment of Medicine, Obafemi Awolowo University, Ile-Ife, Nigeria
xFaculty of Medicine, University of British Columbia, Vancouver, Canada
yVadu Rural Health Program, KEM Hospital Research Centre, Pune, India
zPhilippine College of Chest Physicians, Manila, Philippines
aaUniversity of British Columbia Centre for Heart Lung Innovation, St Paul’s Hospital, Vancouver, BC, Canada
abMaastricht University Medical Centre, Maastricht, the Netherlands
acCentre for Evidence Based Medicine, 2nd Department of Internal Medicine, Jagiellonian University Medical College, Kraków,
Poland
adUniversity of Kentucky, Lexington, KY, USA
aeCOPD Foundation, Miami, FL, USA
afDepartment of Medical Sciences, Respiratory, Allergy and Sleep Research, Uppsala University, Uppsala, Sweden
agDepartment of Pneumology, Faculty of Medicine Annaba, University Badji Mokhtar of Annaba, Annaba, Algeria
ahDepartment of Respiratory Medicine, JSS Medical College, JSSAHER, Mysuru, India
aiFaculty of Medicine, Tirana University Hospital “Shefqet Ndroqi”, Tirana, Albania
ajOregon Health & Science University, Portland, USA
akDepartment of Pulmonary Medicine, Sheri Kashmir Institute of Medical Sciences, Srinagar, India
*Corresponding author. Ludwig Boltzmann Institute for Lung Health, Sanatoriumstrasse 2, Vienna A-1140, Austria.
E-mail address: hazim@live.at (H. Abozid).

anCo-senior authors.
aoStudy group members are listed in the Appendix.

www.thelancet.com Vol 68 February, 2024 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:hazim@live.at
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eclinm.2024.102423&domain=pdf
www.thelancet.com/digital-health


eClinicalMedicine
2024;68: 102423

Published Online xxx

https://doi.org/10.
1016/j.eclinm.2024.
102423

Articles

2

alEpi-Lab, Khartoum, Sudan
amNIHR Imperial Biomedical Research Centre, London, UK

Summary
Background Chronic cough is a common respiratory symptom with an impact on daily activities and quality of life.
Global prevalence data are scarce and derive mainly from European and Asian countries and studies with outcomes
other than chronic cough. In this study, we aimed to estimate the prevalence of chronic cough across a large number
of study sites as well as to identify its main risk factors using a standardised protocol and definition.

Methods We analysed cross-sectional data from 33,983 adults (≥40 years), recruited between Jan 2, 2003 and Dec
26, 2016, in 41 sites (34 countries) from the Burden of Obstructive Lung Disease (BOLD) study. We estimated the
prevalence of chronic cough for each site accounting for sampling design. To identify risk factors, we conducted
multivariable logistic regression analysis within each site and then pooled estimates using random-effects meta-
analysis. We also calculated the population attributable risk (PAR) associated with each of the identifed risk
factors.

Findings The prevalence of chronic cough varied from 3% in India (rural Pune) to 24% in the United States of
America (Lexington,KY). Chronic cough was more common among females, both current and passive smokers, those
working in a dusty job, those with a history of tuberculosis, those who were obese, those with a low level of education
and those with hypertension or airflow limitation. The most influential risk factors were current smoking and
working in a dusty job.

Interpretation Our findings suggested that the prevalence of chronic cough varies widely across sites in different
world regions. Cigarette smoking and exposure to dust in the workplace are its major risk factors.

Funding Wellcome Trust.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study
We searched PubMed, from database inception to 30 July
2023, using terms such as “chronic cough,” “epidemiology,”
“prevalence,” “risk factor,” “adult,” and “general population”.
Prevalence estimates for chronic cough ranged from 2% to
18%. Smoking, asthma, obesity, chronic obstructive
pulmonary disease (COPD), upper airway cough syndrome
(UACS), gastro-oesophageal reflux disease (GORD), and low
education level are some of the factors that have most
commonly been associated with chronic cough. A systematic
assessment of chronic cough and its risk factors across several
world regions is lacking.

Added value of this study
This study provides population-based estimates of prevalence
of chronic cough for 41 sites across several world regions

using the same protocol and definition. It also provides a list
of risk factors for chronic cough and the proportion of
prevalence explained by each risk factor in each study site.
Current smoking and working in a dusty job are the most
influential risk factors for chronic cough worldwide. Besides a
better understanding of the geographic variation in chronic
cough prevalence and of the characteristics of people with
chronic cough, a common finding across study sites and
regions was that chronic cough may persist for several years.

Implications of all the available evidence
The available evidence should be used to better support public
health strategies targeting chronic cough and attenuate its
burden on global health.
Introduction
Chronic cough (CC) is one of the most common reasons
why people seek medical attention.1 Regardless of the
underlying cause, CC has a significant impact on daily
activities2 and is linked to poorer health status in general
populations.3,4 It has been associated with psychosocial
conditions, urinary incontinence, and depression,5,6 as
well as higher healthcare use and cost.7 Yet, little is
www.thelancet.com Vol 68 February, 2024
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known about its true prevalence in various regions of
the world.

A systematic review published in 2015 reported a
wide range of prevalence estimates for CC across world
regions, varying from 2.3% in Africa to 18.1% in Oce-
ania.8 However, less than a third of the studies were
conducted in Africa and Asia, studies were not primarily
designed to assess CC, and the definition was not the
same across the studies, which poses challenges in
comparing data across different studies. Even in more
recent studies and within the same country the defini-
tion of CC varies.4,9

Several factors have been associated with CC, but
with some exceptions the list of its established risk
factors is limited. Smoking, chronic obstructive pul-
monary disease (COPD), asthma, upper airway cough
syndrome (UACS), and gastro-oesophageal reflux dis-
ease (GORD) are suggested as the most common causes
of CC.10–13 Recent reviews emphasise the importance of
conducting extensive epidemiological studies that can
identify the prevalence and relevant risk factors in
general populations,11 and address the need to utilise a
standardised definition of CC in representative pop-
ulations from different countries.14 In this context, our
study is well-suited and effectively fulfills this crucial
need. Using a standardised protocol, we aimed to pro-
vide estimates of prevalence of CC for several sites
across the world. It was also our aim to identify the most
important risk factors for CC.
Methods
Study design
A detailed description of the BOLD cohort has been
published elsewhere.15 In brief, non-institutionalised
adults (≥40 years old) were identified and recruited
from the general population in 41 sites with more than
150,000 inhabitants. In each site, the aim was to recruit
a minimum of 600 participants, with equal number of
males and females. Sampling strategies varied across
sites, with some using cluster sampling and others us-
ing either simple random sampling or stratified random
sampling. For each site and participant, weights were
derived to account for sampling design and to preserve
representativeness of prevalence estimates.

The 41 study sites were located across 34 countries
and several world regions: 11 in Europe (Tirana in
Albania, Salzburg in Austria, London in England, Tartu
in Estonia, Hannover in Germany, Reykjavik in Iceland,
Maastricht in the Netherlands, Bergen in Norway, Kra-
kow in Poland, Lisbon in Portugal, and Uppsala in
Sweden); 14 in Asia (Guangzhou in China, Kashmir,
Mumbai, Mysore and Pune in India, Chui and Naryn in
Kyrgyztan, Penang in Malaysia, Karachi in Pakistan,
Manila and Nampicuan-Talugtug in the Philippines,
Riyadh in Saudi Arabia, Sri Lanka, and Adana in
Turkey); 11 in Africa (Annaba in Algeria, Seme-Kpodji
www.thelancet.com Vol 68 February, 2024
in Benin, Limbe in Cameroon, Blantyre and Chik-
wawa in Malawi, Fes in Marocco, Ife in Nigeria, Uitsig-
Ravensmead in South Africa, Gezeira and Khartoum in
Sudan, and Sousse in Tunisia); 2 in North America
(Vancouver in Canada, and Lexington, KY, in the United
States of America); 2 in the Caribbean (Jamaica, and
Trinidad and Tobago); and 1 in Australia (Sydney).
Fourteen sites were in high-income countries, while 27
were in low- or middle-income countries.

Information on respiratory symptoms, health status,
and exposure to potential risk factors was collected by
trained fieldworkers, who administered standardised
questionnaires translated into the local language. While
prevalence data on CC is presented for 33,983 in-
dividuals who completed the core questionnaire and had
data on CC, risk factor analyses are based on data from
28,639 participants who additionally provided acceptable
quality post-bronchodilator spirometry. Recruitment
occurred between Jan 2, 2003 and Dec 12, 2016.

Ethics
All sites received approval from their local ethics com-
mittee, and participants provided informed consent.
The study was conducted as per good clinical practice
(GCP) as well as local ethics regulations.

Definition of chronic cough
CC was defined as a cough, without having a cold, on
most days for at least three months each year. It was
assessed using two questions: “Do you usually cough
when you don’t have a cold?” and “Do you cough on
most days for as much as three months each year?”, and
participants who affirmatively responsed to both were
classified as resporting CC.

Potential risk factors
Based on prior knowledge, we considered several po-
tential risk factors for CC. These included age (in years),
sex (males, females), and smoking status.11 The main
question for smoking was “Have you ever smoked cig-
arettes? (‘Yes‘means more than 20 packs of cigarettes in
a lifetime or more than 1 cigarette each day for a year)”.
Participants who responded with ‘No’ were classified as
never smokers. In case of a ‘Yes’ response, a subsequent
question asked at what age the participant had stopped
smoking, if applicable. Participants who provided a
numerical response were classified as former smokers,
while those who did not provide an answer were cat-
egorised as current smokers. We also considered pas-
sive smoking (‘yes’ to the question whether anyone
(other than the participant) had smoked a cigarette,
pipe, or cigar in the participant’s home during the past 2
weeks), body mass index (BMI; underweight:
<18.5 kg m−2, normal weight: 18.5–24.9 kg m−2, over-
weight: 25.0–29.9 kg m−2, obese: ≥30.0 kg m−2), years
worked in a dusty job (‘yes’ to “have you ever worked for
a year or more in a dusty job?” and answer to “for how
3
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many years have you worked in a dusty job?”), education
(based on ‘‘How many years of schooling have you
completed?”), history of tuberculosis (‘yes’ to “has a
doctor or health care provider ever told you that you had
tuberculosis?”), and hypertension (‘yes’ to “has a doctor
or health care provider ever told you that you had hy-
pertension?”). We did not include the use of solid fuels
as a factor in our analyses due to previous findings of
the BOLD study, which showed no association with
CC.16 Chronic airflow obstruction (CAO) was assessed
using spirometry (EasyOneTM, ndd Medizintechnik
AG, Zurich, Switzerland) and defined as post-
bronchodilator forced expiratory volume in 1 s (FEV1)
to forced vital capacity (FVC) less than the lower limit of
normal (LLN) for age and sex, based on equations of the
National Health and Nutrition Examination Survey
(NHANES III).17

Statistical analysis
We used multivariable logistic regression to identify
factors associated with CC. Our regression model
included all potential risk factors listed above (i.e., age,
sex, smoking status, passive smoking, BMI, years
worked in a dusty job, education, history of tuberculosis,
hypertension, and chronic airflow obstruction). We
estimated the adjusted odds ratio for each factor within
each site, and then pooled site-specific estimates using
random effects meta-analysis.18 We used the I2 statistic
to summarise heterogeneity across sites. Results were
considered significant if the p-value was <0.05. Preva-
lence estimates and regression analysis were corrected
for sampling weights. For each of the identified risk
factors, we estimated the population attributable risk
(PAR), i.e., the excess prevalence of CC that can be
attributed to the risk factor.19 Analyses were conducted
using Stata v.16 (Stata Corp., College Station, TX, USA),
and a user-written program to call OpenBUGS into
Stata.20

Role of the funding source
The funders of the study did not contribute to the study
design, data collection, data analysis or writing of the
manuscript. All authors had full access to the data and
accept responsibility for the decision to submit for
publication.
Results
Population characteristics
The mean age of participants was 55 years, with
slightly more females (53.3%) than males, and the
mean BMI was 26.5 kg m−2. About two thirds were
never smokers, 18.9% were current smokers, and
passive smoking was reported by 19.2%. About one
third of the participants worked in a dusty job. The
mean duration of working in a dusty job was 5.6 years.
The mean duration of schooling was 9 years. History of
tuberculosis was reported by 2.3% and hypertension by
25.3% (Table 1). For more details on the distribution of
these characteristics please see Supplementary
Table S1.

Participants with CC were older, were more likely
current smokers and had more frequent exposure to
passive smoking and a dusty job. They also showed a
higher BMI, a lower FEV1/FVC ratio, a lower education
level (less schooling years) and a higher proportion of
self-reported hypertension and tuberculosis history
(Table 1).

Prevalence of chronic cough
The pooled prevalence of CC in adults ≥ 40 years living
in the study sites was 11.8%. However, variation across
study sites was huge, ranging from 3% in India (rural
Pune) to 24% in the United States of America (Lex-
ington, KY). The lowest prevalence estimates were
found in low- and middle-income countries (Fig. 1). The
regions with the highest prevalence were North America
(18.8%, 95% CI 16.5%–21%), Central Asia (18.4%, 95%
CI 14.4%–22.5%), and Southern Africa (15.4%, 95% CI
12.6%–18.3%), whereas regions with the lowest preva-
lence were West Africa (3.6%, 95% CI 2.8%–4.3%), East
Asia (6.7%, 95% CI 4.7%–8.7%), and East Africa (7.9%,
95% CI 6.5%–9.2%) (Table 2).

From all the participants with CC, slightly more than
a quarter (27.4%) reported having CC for less than two
years, 29% for two to five years, and 43.6% for over five
years. The region with the highest proportion of par-
ticipants experiencing cough for over five years, in
relation to all participants reporting CC, was Western
Europe (59.6%, 95% CI 52.1%–67.1%). Amongst study
sites, Bergen in Norway had the highest proportion
(70.7%).

The region with the highest proportion of females
experiencing CC was Southern Africa (56.1%, 95% CI
53.1%–59%), whereas the lowest proportion was found
in Central Africa (40.6%, 9%%CI 35%–46.2%).

Regions with a higher proportion of younger partic-
ipants with CC were primarily located in Africa and
Asia, where most participants with CC were under 49
years old. The highest proportion of participants with
CC aged 70 years or over were found in regions with
mainly high-income study sites, i.e., Australia (24.6%),
Western Europe (21.3%, 95% CI 17.9%–24.8%) and
North America (19.7%, 95% CI 17.1%–22.3%).

The proportion of participants with lower level of
education (none or primary school) amongst those with
CC was highest in North Africa/Middle East (69%, 95%
CI 64.7%–73.3%), East Africa (60.7%, 95% CI 54.6%–

66.8%), and Central Africa (57.1%, 95% CI 51.5%–

62.8%). The proportion of participants with a college or
university degree amongst those with CC was highest in
Australia (61.4%), North America (59.4%, 95% CI
56.6%–62.1%), and Central Asia (44%, 95% CI 38.9%–

49.2%).
www.thelancet.com Vol 68 February, 2024
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With chronic cough (n = 3444) Without chronic cough (n = 30,539) Total (n = 33,983)

Age (years), mean (SD) 57 (13) 56 (11) 55 (11)

Sex, n (%)

Females 1873 (54.4%) 16,255 (53.2%) 18,128 (53.3%)

Males 1571 (45.6%) 14,284 (46.8%) 15,855 (46.7%)

BMI (kg.m−2), mean (SD) 27.2 (6.2) 26.42 (5.6) 26.5 (5.7)

Smoking status, n (%)

Current smokers 1068 (31.0%) 5353 (17.5%) 6421 (18.9%)

Ex-smokers 705 (20.5%) 5772 (18.9%) 6477 (19.1%)

Never smokers 1671 (48.5%) 19,414 (66.6%) 21,085 (62.0%)

Passive smoking, n (%) 885 (25.7%) 5595 (18.3%) 6480 (19.2%)

Ever worked in a dusty job, n (%) 1497 (43.5%) 9660 (31.6%) 11,157 (32.8%)

Duration of work in a dusty job (years), mean (SD) 8 (13) 5 (11) 6 (11)

Schooling (years), mean (SD) 8 (5) 9 (5) 9 (5)

History of tuberculosis, n (%) 153 (4.4%) 624 (2.0%) 777 (2.3%)

Hypertension, n (%) 1178 (34.2%) 7429 (24.3%) 8607 (25.3%)

FEV1/FVC (%), mean (SD) 73.7 (12.0) 78.1 (8.2) 77.7 (8.7)

BMI: Body mass index. FEV1/FVC: Forced expiratory volume in 1 s to the forced vital capacity ratio. SD: Standard deviation.

Table 1: Characteristics and comparison of the BOLD participants with and without chronic cough.

Articles
The proportion of current smokers amongst partici-
pants with CC were highest in Southern Africa (47.8%,
95% CI 44.1%–51.6%), East Asia (29.7%, 95% CI
26.6%–32.8%), and Central Asia (26.7%, 95% CI
20.4%–33%). Passive smoking amongst participants
with CC was highest in Southern Africa (50%, 95% CI
45.7%–54.2%).

The proportion of obesity amongst participants with
CC was highest in North America (35%, 95% CI 32.3%–

37.7%), Southern Africa (32.8%, 95% CI 29.5%–36.1%)
and North Africa/Middle East (31.8%, 95% CI 26.6%–

36.9%).
Central and Eastern Europe had the highest pro-

portion of dusty job exposure (62.5%, 95% CI 55.8%–

69.2%) amongst participants with CC.
Regarding self-reported doctor-diagnoses amongst

participants with CC, the prevalence of hypertension
was highest in Southern Africa (37.4%, 95% CI 34%–

40.9%), North America (36.4%, 95% CI 33.7%–39.2%),
and Western Europe (32.8%, 95% CI 30.7%–35%),
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Fig. 1: Prevalence of chronic cough across 41 sites
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whereas a history of tuberculosis was most prevalent in
Southern Africa (15.2%, 95% CI 12.6%–17.8%) followed
by South East Asia (4.6%, 95% CI 2.9%–6.3%) and
Western Europe (3.7%, 95% CI 2.8%–4.6%).

Factors associated with chronic cough
CC was associated with being a female, current smok-
ing, passive smoking, working in a dusty job, obesity,
lower education, tuberculosis as well as hypertension
and airflow limitation (Table 3).

Site specific PAR estimates for each risk factor
associated with CC are shown in Fig. 2. Globally, cur-
rent smoking was the most important risk factor (PAR
1.47%) followed by working in a dusty job (PAR 1.32%)
(Table 4). Current smoking was the most important
factor in South Africa (Uitsig and Ravensmead), where
33.1% of the CC prevalence can be explained by current
smoking (current smoking PAR 5.1%; CC prevalence
15.4%). Working in a dusty job was most influent in
Cameron (Limbe) with 27.9% (PAR 2.97%; prevalence
ronic cough

Lower middle-income Low-income

of the BOLD study, by gross national income.
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North America Central Asia Southern
Africa

Central &
Eastern Europe

North Africa &
Middle East

Western
Europe

Central
Africa

South East
Asia

Australia South Asia Caribbean East Africa East Asia West
Africa

Chronic cough
prevalence (%)

18.8
(16.5, 21)

18.4
(14.4, 22.5)

15.4
(12.6, 18.3)

15.1
(11.1, 19)

14.2
(11.5, 16.9)

12.6
(11.1, 14)

10.7
(7.3, 14)

9.9
(7.5, 12.3)

8.9
(6.6, 11.2)

8.9
(7, 10.9)

8.6
(7.3, 9.8)

7.9
(6.5, 9.2)

6.7
(4.7, 8.7)

3.6
(2.8, 4.3)

Participants with
chronic cough (n)

247 314 135 275 488 696 45 393 52 304 194 176 40 85

Cough duration (%)

<2 years 20.1
(14.8, 25.4)

20.8
(10.3, 31.3)

37.8
(28.8, 46.8)

19.1
(8.2, 29.9)

27.3
(15.4, 39.1)

21.2
(15.5, 26.8)

60.7
(43.7, 77.8)

54.8
(47.4, 62.3)

17.5
(6.6, 28.5)

28.5
(20.5, 36.6)

46
(36.9, 55.1)

20.1
(12.9, 27.4)

22.5
(8.8, 36.2)

46.9
(34.8, 58.9)

2–5 years 30.6
(24, 37.2)

31.8
(23.8, 39.7)

25.3
(17.1, 33.5)

50
(37.3, 62.8)

27.2
(20.1, 34.3)

19.2
(12.2, 26.3)

11.3
(1.6, 21)

24.7
(16.9, 32.4)

27.7
(15.1, 40.3)

31.8
(19.9, 43.6)

20.4
(11.2, 29.6)

33
(21.4, 44.5)

29.6
(15, 44.2)

15.5
(8.3, 22.6)

>5 years 49.3
(42.4, 56.2)

47.4
(42.4, 52.5)

36.9
(27.9, 46)

30.9
(21.8, 39.9)

45.5
(30.1, 60.9)

59.6
(52.1, 67.1)

28
(11.9, 44)

20.5
(14.5, 26.5)

54.8
(40.6, 69)

39.7
(29.9, 49.5)

33.6
(25.2, 42)

46.9
(37.3, 56.5)

48
(31.9, 64)

37.7
(25.8, 49.6)

Female (%) 52.3
(49.5, 55.2)

54.3
(48.1, 60.6)

56.1
(53.1, 59)

50.9
(48.2, 53.7)

50.6
(45.7, 55.5)

54.2
(48.2, 60.3)

40.6
(35, 46.2)

51.6
(48.7, 54.5)

52.9
(52.4, 53.5)

42.7
(40.8, 44.6)

51
(48.7, 53.3)

47
(42.2, 51.7)

49.4
(49.4, 49.4)

49.3
(46.4, 52.1)

Age group (%)

40–49 years 34.2
(31.5, 37)

39.6
(36.2, 43)

43.7
(39.7, 47.7)

35.6
(32.7, 38.6)

44.4
(41, 47.8)

28.4
(24.3, 32.4)

50.9
(45.2, 56.6)

42.8
(39.3, 46.3)

31.8
(27.9, 35.7)

44.9
(41.8, 48.1)

36.3
(34.3, 38.4)

44.5
(41.6, 47.3)

44.9
(40.9, 48.8)

47.1
(44, 50.2)

50–59 years 28.3
(25.9, 30.6)

32.6
(29.1, 36.2)

29.5
(26, 33)

28.6
(24.8, 32.4)

26.9
(24.9, 29)

27.1
(25.4, 28.9)

27.8
(22.8, 32.7)

29.4
(26.5, 32.3)

25.7
(22.2, 29.2)

29.3
(26.5, 32)

29.1
(26.9, 31.3)

26.3
(24.1, 28.5)

25.1
(21.6, 28.6)

27
(24.7, 29.3)

60–69 years 17.8
(15.8, 19.8)

14.1
(10.1, 18)

17.8
(14.9, 20.7)

19.2
(16.5, 21.8)

16
(13.1, 18.9)

23.2
(20.9, 25.4)

17.7
(13.6, 21.7)

17.3
(15.6, 19)

18
(15.1, 20.9)

16.5
(14.4, 18.6)

18, 4
(16.7, 20.1)

15, 9
(14.1, 17.7)

19
(15.9, 22.2)

15
(13.4, 16.7)

70+ years 19.7
(17.1, 22.3)

13.7
(8.3, 19)

9
(6.8, 11.1)

16.6
(14.7, 18.4)

12.6
(11, 14.3)

21.3
(17.9, 24.8)

3.7
(1.8, 5.5)

10.5
(8, 12.9)

24.6
(20.9, 28.2)

9.3
(6.5, 12)

16.2
(14.7, 17.6)

13.3
(11, 15.7)

11
(8.5, 13.5)

10.9
(9, 12.8)

Education (%)

None/primary
school

2.9
(1.9, 3.9)

6
(2.9, 9)

44.7
(40.7, 48.6)

19.9
(15.3, 24.5)

69
(64.7, 73.3)

23.2
(20.5, 25.8)

57.1
(51.5, 62.8)

25.1
(22.2, 27.9)

3.6
(2, 5.1)

42.9
(39.3, 46.6)

30.7
(27.6, 33.8)

60.7
(54.6, 66.8)

28.9
(25.3, 32.5)

53.5
(50, 57)

High school 37.8
(35, 40.5)

50
(44.4, 55.6)

48.1
(44.3, 52)

45.1
(38.1, 52.2)

23.1
(19.1, 27.1)

47.2
(45.1, 49.3)

32
(26.7, 37.4)

62
(59.5, 64.5)

35.1
(31.2, 39)

36.7
(33.6, 39.7)

54.2
(51.3, 57.2)

28.5
(24.1, 32.8)

59.3
(55.4, 63.2)

31.1
(28.2, 34)

College/University 59.4
(56.6, 62.1)

44
(38.9, 49.2)

7.2
(5.2, 9.2)

35
(30.5, 39.4)

7.9
(3.7, 12)

29.6
(26.4, 32.8)

10.8
(7.4, 14.3)

12.9
(11.1, 14.7)

61.4
(57.4, 65.4)

20.4
(17.6, 23.2)

15.1
(12.8, 17.4)

10.9
(8.2, 13.6)

11.8
(9.2, 14.4)

15.5
(12.6, 18.3)

Smoking status (%)

Never smokers 39.2
(36.4, 42)

63
(56.6, 69.4)

30.5
(27, 33.9)

63
(58.2, 67.7)

71.7
(67.4, 76)

48.6
(45.9, 51.3)

78.6
(73.9, 83.3)

62
(58.4, 65.5)

47.4
(43.3, 51.4)

81.2
(79, 83.4)

63.4
(60.4, 66.4)

76.6
(73.1, 80)

56.6
(53.9, 59.3)

89.6
(87.6, 91.5)

Current smokers 21.7
(19.3, 24.1)

26.7
(20.4, 33)

47.8
(44.1, 51.6)

22.3
(18.8, 25.8)

10.7
(7.7, 13.7)

20.4
(17.5, 23.2)

6.8
(4, 9.6)

26.5
(23.5, 29.5)

14.9
(12, 17.9)

11.8
(9.8, 13.7)

18.1
(15.6, 20.7)

8.8
(7.1, 10.5)

29.7
(26.6, 32.8)

3.4
(2.1, 4.7)

Ex-smokers 39.1
(36.3, 41.9)

10.3
(8.8, 11.8)

21.7
(18.7, 24.7)

14.8
(9.8, 19.7)

17.6
(15.1, 20)

31
(27.8, 34.3)

14.6
(10.5, 18.7)

11.5
(9.9, 13.1)

37.7
(33.8, 41.6)

7.1
(5.7, 8.4)

18.4
(16.5, 20.3)

14.6
(11.7, 17.5)

13.7
(11.1, 16.3)

7
(5.6, 8.5)

Passive smoking (%) 18.7
(16.5, 21)

7.2
(4.1, 10.4)

50
(45.7, 54.2)

36.7
(32.7, 40.7)

10.8
(8.9, 12.7)

18.8
(14.8, 22.8)

3.6
(1.3, 6)

35.4
(32.8, 38)

11
(8.5, 13.6)

7.1
(5.5, 8.6)

17.6
(15.6, 19.7)

9.1
(6.2, 12)

23
(19.7, 26.4)

1.2
(0.6, 1.7)

Body mass index (%)

Underweight
(<18.5 kg/m2)

0.3
(0, 0.6)

1.2
(0.6, 1.8)

7.1
(5.2, 9)

0.1
(0, 0.3)

1.8
(0.9, 2.6)

0.3
(0.1, 0.5)

1.1
(−0.1, 2.3)

4.7
(3.2, 6.2)

0.3
(−0.1, 0.8)

6.7
(5.2, 8.2)

3.5
(2.6, 4.5)

4.3
(2.9, 5.8)

4.7
(3, 6.4)

4
(2.9, 5.1)

Normal
(18.5–24.9 kg/m2)

29.1
(26.7, 31.5)

35.5
(32.9, 38.1)

33.2
(29.7, 36.6)

28.6
(25.9, 31.3)

29.8
(23.8, 35.8)

30.9
(28.5, 33.2)

43.2
(37.6, 48.8)

45.7
(43, 48.4)

30.6
(26.7, 34.6)

50.6
(47.3, 54)

35.6
(33, 38.2)

40.8
(37.8, 43.9)

69
(65.3, 72.7)

49.7
(46.7, 52.7)

Overweight
(25–29.9 kg/m2)

35.6
(32.8, 38.4)

32.9
(28.6, 37.2)

27
(23.8, 30.2)

40.4
(38.2, 42.7)

36.6
(33.3, 40)

44.2
(42.3, 46.1)

32.1
(26.8, 37.4)

35.5
(32.8, 38.2)

38.8
(34.7, 42.9)

28.9
(26, 31.8)

31.1
(29, 33.3)

31.8
(29, 34.7)

22.9
(19.5, 26.3)

28
(25.5, 30.4)

Obese
(≥30 kg/m2)

35
(32.3, 37.7)

30.4
(25, 35.9)

32.8
(29.5, 36.1)

30.8
(28.2, 33.4)

31.8
(26.6, 36.9)

24.6
(22.1, 27)

23.6
(18.6, 28.6)

14.1
(11.7, 16.5)

30.2
(26.4, 34.1)

13.8
(11.8, 15.8)

29.7
(27.5, 31.9)

23
(20.8, 25.2)

3.4
(2, 4.9)

18.3
(16.3, 20.4)

Ever worked in a
dusty job (%)

42.2
(39.4, 45)

27.8
(18.7, 36.9)

49
(45.5, 52.6)

62.5
(55.8, 69.2)

40.5
(37.1, 43.8)

39.6
(34, 45.3)

61.2
(55.6, 66.8)

42
(38.8, 45.3)

31.9
(28.2, 35.6)

19.9
(17.1, 22.6)

50.5
(48.1, 52.9)

28
(25.4, 30.7)

36.2
(32.3, 40.1)

38.2
(35.5, 40.8)

(Table 2 continues on next page)
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10.7%), followed by China (Guangzhou) and Norway
(Bergen) with 21.7% of the prevalence of CC explained
by this factor (PAR 1.85%; prevalence 8.51%).
Kyrgyzstan (Naryn) had the highest proportion of un-
explained prevalence of CC, where almost two-thirds
(65.6%) of reported prevalence could not be attributed
to a specific risk factor. The next highest proportions of
unexplained prevalence were reported in Germany
(Hannover) at 57.2% and India (Mumbai) at 55.1%.
Discussion
Using real-world data, we report a pooled prevalence of
11.8% for CC, with significant variation across world
regions and study sites. CC was associated with being a
female as well as current smoking, passive smoking,
working in a dusty job, a history of tuberculosis, obesity,
lower education level, hypertension and lower FEV1/
FVC. The most influential of these factors were current
smoking and working in a dusty job.

Reported prevalence in general populations can be
up to 18%2,10,12,13,21–24 and is lower in Asia, with repre-
sentative data reported from China and Korea.3,4,9,13 Of
note, potential causes for variation in prevalence esti-
mates are due to the use of different study designs,
sample populations, definitions and ethnicities.8 In our
study, using one definition for all study sites, the pooled
prevalence of CC was 11.8%, with wide variation
ranging from 3% in India (Pune) to 24% in the United
States of America (Lexington, KY). Overall, we found
that low- and middle-income sites had lower prevalence
of CC, and that site specific findings about CC can not
easily be extrapolated to country or region level. How-
ever, one common feature among individuals with CC is
the experience of coughing for several years which has
been reported previously in numerous studies.2,21,25–29

Our study underlines this burden by showing that
more than 70% of all participants have experienced CC
for more than two years, with almost half (44.7%) of
them having experienced CC for more than 5 years.

Most data about risk factors in general populations
derive from Europe or Asia.11,14 In Europe, the Rotter-
dam study has identified current smoking, GORD,
asthma, and chronic obstructive pulmonary disease
(COPD) as independent risk factors for CC in the gen-
eral population.10 In another population study from
Copenhagen, the analysis of risk factors was stratified by
smoking status and showed that female sex, asthma,
and GORD were associated with CC in never smokers,
abdominal obesity, low income, and asthma were asso-
ciated in ex-smokers, and airflow limitation in current
smokers.12 In Asia, current smoking, older age, and
UACS were identified as risk factors by a recent cross-
sectional general population study of the Korean Na-
tional Health and Nutrition Examination Survey.3,4

Although several conditions are often suggested in the
clinical literature as potential risk factors, some of them
7
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OR (95% CI) p value I2 (χ2 heterogeneity p value)

Age/per 10 years 0.99 (0.92–1.08) 0.89 58.7 (<0.001)

Female sex 1.50 (1.29–1.75) <0.001 42 (<0.001)

Current smoker 2.07 (1.73–2.48) <0.001 44.2 (<0.001)

Ex-smoker 1.15 (0.95–1.39) 0.16 41.7 (<0.001)

Passive smoking 1.29 (1.13–1.47) <0.001 20.1 (0.15)

Working in a dusty job 1.64 (1.47–1.84) <0.001 23.3 (0.1)

Underweight 1.02 (0.80–1.30) 0.88 0 (0.73)

Overweight 1.06 (0.95–1.18) 0.28 0 (0.84)

Obesity 1.20 (1.07–1.35) <0.001 34.1 (0.02)

Schooling (per year) 0.97 (0.96–0.99) 0.01 50.4 (<0.001)

History of tuberculosis 1.77 (1.30–2.40) <0.001 42.6 (0.01)

Hypertension 1.25 (1.14–1.38) <0.001 58.9 (<0.001)

Post-BD FEV1/FVC 0.96 (0.95–0.96) <0.001 58.7 (<0.001)

Underweight: <18.5 kg m−2, overweight: 25.0–29.9 kg m−2, obese: ≥30.0 kg m−2. Post-BD FEV1/FVC: Post bronchodilator Forced expiratory volume in 1 s as a ratio of the
forced vital capacity.

Table 3: Adjusted estimates for the association of chronic cough with several risk factors.
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8

may only have limited evidence in general populations.11

We report a strong association of current smoking with
CC, and identified it as the most influential risk factor
for CC worldwide. Current smoking has been frequently
linked to CC4,10,13,23–25 but to our knowledge, population
0

5

10

15

20

25

Pr
ev

al
en

ce
of

ch
ro

ni
cc

ou
gh

 (%
)

Current smoking Passive smoking Dusty job Obesity EducaƟon

Fig. 2: Population Attributable Risk for chronic cough (i.e., prevalence
study site. Each risk factor is represented by a different colour: red, curren
green, education; brown, tuberculosis; yellow, hypertension; dark blue, F
attributable risk analysis in CC has been only applied in
one study, which also found that smoking is the most
important risk factor.12 Our study has also identified
working in a dusty job as another important risk factor
contributing to CC worldwide. Data about dust as a risk
Tuberculosis Hypertension FEV1/FVC<LLN Unexplained

of chronic cough attributable to different risk factors) by BOLD
t smoking; pink, passive smoking; grey, dusty job; light blue, obesity;
EV1/FVC < LLN; and white, unexplained.
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PAR Lcrl Ucrl

Current smoking 1.47 0.07 7.26

Dusty job 1.32 0.01 1.81

CAO 1.15 0.04 3.08

Hypertension 0.8 0.12 2.52

Education 0.78 0.02 2.01

Obesity 0.53 0.02 0.69

Passive smoking 0.4 0.02 1.85

Tuberculosis 0.11 −0.3 3.39

PAR: population attributable risk, Lcrl: Lower credible interval, Ucrl: Upper
credible interval, CAO: chronic airflow obstruction.

Table 4: Risk factors for chronic cough ranked by population
attributable risk, expressed as percent of total population aged ≥ 40
years, with 95% credible intervals.

Articles
factor of CC are scarce. In a Danish study, exposure to
dust was ranked as only the seventh most influential
factor.12 Other associations had been described earlier in
Poland30 and in Singapore.31 Another study from Nor-
way reported that men with high exposure to dust had a
higher incidence of CC.32 Our findings emphasise the
importance of recognizing distinct risk factors in
different regions to effectively address the needs of each
population and further develop specific prevention and
management strategies.

Our data indicate a slightly higher female prevalence
in CC compared to the non-CC group (54.4% vs 53.2%),
but we were unable to confirm a significant difference.
Regarding regional patterns, we found higher pro-
portions of CC among males in almost all Asian re-
gions, as well as in some African regions. Several
European population based studies conducted in the
UK,33 Germany,23 Austria,25 and Denmark12 reported
more women but did not state a significant sex- or
gender-specific difference. The Rotterdam study re-
ported a female predominance for the age under 70
years but no significant sex-specific differences in the
total study population.10 One of the assumed explana-
tions for the female predominance is a heightened
cough reflex.34–36 In contrast to this, a systematic review
reported higher male prevalence in CC.37 More recent
studies from general populations in China4 and Korea3,13

as well as from Canada24 reported more CC in males.
While current smoking was the most important risk

factor, we were unable to detect an association of former
smoking with CC, which is consistent with findings
from the Rotterdam study and results from a meta-
analysis.10,11 However, studies conducted in Germany
and Austria found that former smoking was a signifi-
cant risk factor for CC.23,25 For smoking exposure in
terms of passive smoking, we found a positive associa-
tion with CC as previously described in other studies.38,39

Obesity is a significant risk factor in our study and
literature suggests a positive association between CC
and obesity.10,22,40,41 It has been reported that people with
www.thelancet.com Vol 68 February, 2024
obesity may be at higher risk of developing CC as
compared to people without obesity.10,24 From the
Copenhagen General Population Study, an up to three-
fold higher risk in people with obesity has been re-
ported.42 A partial explanation for this increased risk was
attributed to GORD, which mediated up to one quarter
of CC cases in obesity. This finding provides a potential
explanation for the relationship between obesity and CC,
where an increased BMI is linked to an elevated risk of
GORD.43 Therefore, practical guidelines for managing
CC due to GORD recommend dietary modifications to
promote weight loss in people with obesity.44 However,
it is important to note that a direct relationship between
GORD and CC could not be analysed in this study.

In our study, age is not a significant global risk factor
for CC which contrasts with literature stating that CC is
age-related and typically found in middle-aged to elderly
people.3,4,6,10,24,45 It is important to note, however, that our
study considers data from regions beyond Europe and
Asia, providing a more comprehensive view of the
global landscape of CC.

Our study reveals a link between CC and level of
education. In contrast to a German study that did not
find any significant difference in education levels,23 a
Norwegian community cohort study reported that peo-
ple with a lower educational level had a higher risk of
developing CC.46 Similar findings outside Europe were
observed in China4 and Nigeria.47 Additionally, the
findings of a recent systematic review are in line with
our results, indicating that individuals with lower levels
of education are at a higher risk of developing CC.11 In
this study, a history of tuberculosis was identified as a
significant risk factor. Tuberculosis is not generally
considered one of the most common causes of CC, even
in high prevalence countries.48 A Korean study found
that history of tuberculosis was more prevalent among
people with CC.13 However, contrary to our findings,
tuberculosis was not identified as a significant risk fac-
tor in the Korean general population.3

We observed a significantly higher prevalence of
hypertension among individuals with CC. Additionally,
we found that the presence of hypertension was asso-
ciated with CC. Studies from Asian populations,
particularly from China and Korea, reported signifi-
cantly higher proportions of hypertension amongst
people with CC.4,13 Similar results were also reported in
Austria, where the association between CC and hyper-
tension was significant as well.25 Within the context of
practical guidelines,49,50 various cardiac diseases
including those involving pulmonary congestion, are
identified as potential causes of CC. In addition to
chronic left heart failure and the use of cardiac drugs
(like ACE inhibitors, beta-blockers, and Amiodarone),
arrhythmias have also been reported in contributing to
CC.51–53 Given that our study did not assess or investi-
gate these specific conditions, it is challenging to draw
conclusions regarding the role of hypertension alone in
9
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CC so that further cardiovascular phenotyping is
required.

Our study has several strengths. First, it is a large
comprehensive study covering several sites across
several world regions, making it representative of pop-
ulations. Given that our study included only adults over
the age of 40, it should be noted that the findings cannot
be extrapolated across all age groups in the population.
Data collection was conducted using a standardised
protocol and one definition of CC for all study sites.
Data collection was undertaken by trained interviewers
in local language. The study also has limitations. The
main one is its cross-sectional nature, which prevents us
from inferring causal relationships between risk factors
and CC. We acknowledge that the definition we used
differs from the definition stated in the most recent
guidelines, which specify a cough lasting for a mini-
mum of 8 weeks. We adopted the 3-month cut-off as
this duration has been used in the majority of epide-
miological studies.8,37 The prevalence of CC may be
affected by recall bias as it was self-reported. Since the
presence of cough is a subjective state that was not
quantitatively measured in this study but evaluated
through questionnaires, the differences in prevalence
may also indicate variations in the perception and
interpretation of cough across different cultures and
regions. Our study did not include information about
antihypertensive drugs to evaluate the proportion of
ACE-inhibitors as potential triggers of iatrogenic CC.
Additionally, we were unable to provide proportions of
reflux cough as we did not collect information on GORD
which could lead to potential overestimation of the un-
explained CC prevalence in PAR analysis.

In summary, CC is common in many parts of the
world. However, its prevalence varies considerably
across regions, with low- and middle-income countries
showing the lowest estimates of CC prevalence. Besides
current smoking, exposure to dust in the workplace was
identified as an important risk factor for CC. Our study
emphasises the need for a better understanding of CC
and its risk factors to provide tailored relief strategies for
this troublesome condition.
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