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ABSTRACT
Background and Objective: The evidence around occupation-related chronic cough is conflicting and current definitions of 
chronic cough cannot capture its heterogeneity. Using our recently characterised novel cough subclasses, we aimed to identify 
subclass-specific occupational risks.
Methods: Using data from the Tasmanian Longitudinal Health Study (TAHS), occupational exposures up to age 53 years were 
coded using the ALOHA+ Job Exposure Matrix, into ever-exposure (no, only-low, ever-high) and cumulative exposure. People 
belonging to six previously identified cough subclasses among 2213 current coughers at age 53 years were compared to non-
coughers (n = 1396). Associations with occupational exposures were assessed using multinomial logistic regression for these 
cough subclasses and logistic regression for standard definitions (chronic cough, chronic phlegm, and chronic bronchitis) after 
adjusting for potential confounders.
Results: Biological dust was associated with “cough with allergies” (cumulative: adjusted multinomial odds ratio [aMOR] = 1.06, 95% 
CI: 1.02–1.10, per 10 exposure-year increase). Aromatic solvents were associated with “chronic dry cough” (cumulative: aMOR = 1.15, 
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95% CI: 1.02–1.29). Other solvents were associated with “chronic productive cough” (ever-high: aMOR = 2.81, 95% CI: 1.26–6.2); “in-
termittent productive cough” (cumulative: aMOR = 1.06, 95% CI: 0.98–1.16), chronic bronchitis (ever-high: aOR = 2.48, 95% CI: 1.01–
6.06); and chronic phlegm (ever-high: aOR = 2.26, 95% CI: 1.14–4.51). Herbicides (cumulative) were also associated with “intermittent 
productive cough” (aOR = 1.09, 95% CI: 1.00–1.77) and chronic phlegm (aOR = 1.07, 95% CI: 1.00–1.15).
Conclusion: Novel cough subclasses had distinct associations with specific occupational exposures, suggesting different patho-
physiology. Aromatic solvents were associated with dry cough; biological dust with allergic cough; herbicides and other solvents 
with productive cough. Using novel cough subclasses was superior to standard definitions in uncovering these associations.

1   |   Introduction

Chronic cough of 8 weeks or greater duration affects up to 10% of 
the adult population globally, with patients in their sixth decade 
of life most commonly presenting to healthcare providers [1, 2]. 
Recent studies have found chronic cough to be associated with 
increased mortality, independent of smoking and lung function 
[3, 4]. Cough is a common symptom of many chronic respiratory 
diseases and is a heterogeneous condition [5]. To address this het-
erogeneity, which is currently poorly understood, our recent work 
used latent class analysis, an unsupervised data-driven method, to 
identify six novel cough subclasses in a general population, each 
with distinct clinical characteristics from childhood to middle age 
[6]. This provides the opportunity to investigate risk factors for dif-
ferent cough subclasses and to inform subclass-specific prevention 
and management strategies. Uniquely, these subclasses were de-
rived from community-based data and not from hospital clinics.

Occupational exposures are important potential modifiable risk 
factors for many respiratory diseases, including cough, and have 
been estimated to contribute 13% to the burden of chronic bron-
chitis [7]. However, when assessing cough patients in clinical 
practice, occupational causes of cough were not addressed in de-
tail [8], possibly due to the inconsistency in the literature on as-
sociations between occupational exposures and chronic cough 
[9]. Studies conducted to date have used one or more standard 
clinical definitions of cough (i.e., chronic cough [CC], chronic 
phlegm [CP], and chronic bronchitis [CB]), but results for the 
same definition are still inconsistent.

For example, one study found vapours, gases, dust, or fumes 
(VGDF) to be associated with CB in a historical (1976–1983) co-
hort, but only for smokers in a contemporary (2003–2017) cohort 
[10]. Two other studies found associations between dust and CB, 
but only among male participants [11, 12]. However, no associa-
tions and/or interactions by sex/smoking were found in another 
two studies [13, 14]. Besides, the occupational risks of the three 
standard definitions (i.e., CC, CP, CB) were usually similar within 
a single study but different across studies [13, 14]. Such inconsis-
tency suggests that different cough subclasses and their heteroge-
neous associations with different occupational exposures cannot 
be fully identified by using the standard cough definitions.

Therefore, we aimed to investigate the associations between 
occupational exposures and our new classification of cough 
subclasses [6] in a general middle-aged population. We also 
investigated relationships with cough using standard chronic 
cough definitions (undifferentiated CC, chronic phlegm, and 
chronic bronchitis) to compare their performance with the 
cough subclasses and results from previous studies.

2   |   Methods

2.1   |   Study Design and Population

We used data from the Tasmanian Longitudinal Health Study 
(TAHS) cohort. Details about the study design were published 
previously [15]. Briefly, almost all (99%) school children born 
in Tasmania, Australia in 1961 were recruited when they were 
7 years old (n = 8583); those enrolled underwent a clinical ex-
amination, and their parents completed a respiratory health 
questionnaire. From 2012 to 2016 (mean age of 53 years, the 
6th-decade follow-up), all surviving participants were traced 
and invited to the study (n = 6128), of whom 3609 (59%) re-
turned a postal questionnaire and were included in this analysis 
(Figure S1). They were also asked to complete a lifetime work 
history calendar. The study was approved by Human Ethics 
Review Committees at all participating institutions, and written 
informed consent was obtained from all participants.

2.2   |   Data Collection and Definition of Variables

2.2.1   |   Occupational Exposures

The work history calendar completed by participants recorded de-
tails about all jobs until the 6th-decade follow-up at age 53 years, 
including job titles, industry descriptions, employer descriptions, 
and the year work started and ended. Job titles were coded using 
the International Standard Classification of Occupations (ISCO-
88) and were then linked to ALOHA+ Job Exposure Matrix (JEM), 
a modified population-based JEM originally developed for chronic 
bronchitis [16, 17]. A job exposure matrix (JEM) comprises a list of 
levels of likely exposure to various harmful or potentially harmful 
agents for specific occupations, based on self-reported job titles and 
duration of the job. Its use in occupational epidemiological studies 
enables researchers to quantify the exposure of potential health 
hazards to individuals while in the workplace. JEMs are cost-
effective tools widely used in large-scale population-based studies 
when documented individual-level occupational exposures are 
unavailable, which is usually the case [18]. Using ALOHA+ JEM, 
coded job titles were assigned no, low, or high exposure levels (0, 
1, 2) for exposures including dust/gases (biological dust, mineral 
dust, gases/fumes); pesticides (fungicides, herbicides, insecticides); 
solvents (aromatic, chlorinated, other solvents); and metals. Where 
participants had two different jobs at the same time, each job was 
calculated as half of the exposure time and then added up [18, 19].

Two variables, ever-exposure and cumulative exposure, were 
calculated for each agent based on the ALOHA + JEM. Ever-
exposure was defined by the maximum exposure of any agent 
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over the participants' entire working career up until age 
53 years and was categorised into no (reference level), only-
low, or ever-high exposures. Cumulative unit-year was a semi-
quantitative variable defined as the years worked under a job 
title multiplied by the intensity of any exposure related to the 
job title (1 for low exposure and 4 for high exposure) [19] and 
was scaled to cumulative exposure per 10 years for analysis. 
For each participant, the cumulative exposure was the sum 
of exposures over the entire job history, calculated for each 
agent [18].

2.2.2   |   Cough Subclasses and Standard Cough 
Definitions

Nine self-reported cough and/or phlegm symptoms collected 
via questionnaires were used to derive the cough subclasses 
(Table S1). Details on the derivation of the cough subclass have 
been described previously and summarised in Table S1 [6]. Briefly, 
2213 of the 3609 participants were labelled as “current coughers” 
as they reported a cough symptom at age 53 years and were fur-
ther classified into six cough subclasses using latent class analysis 
(namely, “minimal cough”, “cough with colds only”, “cough with 
allergies”, “intermittent productive cough”, “chronic dry cough”, 
and “chronic productive cough”). The remaining 1396 partic-
ipants who did not report any cough symptoms at age 53 years 
were labelled as “non-coughers” and made up the reference 
group for all comparisons in the analyses. The cross-sectional 
and longitudinal clinical features of these cough subclasses were 
summarised in Table S2. Standard definitions of cough included 
chronic cough (CC, cough ≥ 3 months); chronic phlegm (CP, 
phlegm ≥ 3 months); and chronic bronchitis (CB, cough with 
phlegm for ≥ 3 months in 2 consecutive years) (Table S3).

2.3   |   Statistical Analysis

Characteristics of the participants were tabulated accord-
ing to their cough subclasses and compared with the refer-
ence group (non-coughers), using χ2 tests or independent 
t-tests. Correlations between the occupational exposures 
were assessed using Spearman's correlation coefficients (ρ). 
Multinomial logistic regressions were conducted to inves-
tigate the associations between each of the agents (as ever-
exposure, and cumulative) and the cough subclasses. These 
analyses were adjusted for a minimum set of confounders that 
included sex, education, smoking, pack-years, and asthma in 
childhood and adulthood (main analysis). Confounders were 
identified based on literature reviews and a directed acyclic 
graph (DAG) [20], and were defined in Table S3. To assess po-
tential confounding introduced by correlations between the 
occupational exposures, sensitivity analyses were conducted 
by: (i) comparing to a common control group consisting of par-
ticipants not exposed to any of the agents (unexposed analy-
sis); and (ii) mutually adjusting multiple correlated exposures 
(ρ ≥ 0.3, co-exposure analysis). Additionally, analysis limited 
to participants exposed to a single agent was conducted if 
needed to confirm potential confounding (subgroup analysis).

Multivariable logistic regression models were conducted for 
the cough outcomes using standard definitions (CC, CP, and 

CB). Effect modification by sex and smoking on CC, CP, and 
CB was assessed by including interaction terms (i.e., exposure 
× sex, exposure × smoking) in the models and comparing 
models using likelihood ratio tests. Stratified estimates were 
reported if the p-values for both the likelihood ratio test and 
the interaction term were less than 0.1. All statistical anal-
yses were done in STATA, version 16 (Stata Corp, College 
Station, TX).

3   |   Results

3.1   |   Study Population

Of the 3609 participants, 3242 (89.8%) filled out the work history 
calendar. The demographic features of these 3242 participants 
were similar to those of the 367 participants who did not fill out 
the work history calendar, except that there were more smokers 
among the 367 participants (Table S4). Around a quarter of the 
3242 participants had university or higher education, 49% were 
males, 17% were current smokers, 33% were obese, and 15% had 
current asthma at age 53 years. There were 1242 (38%) “non-
coughers” making up the reference group for all comparisons, 
while the remaining 2000 participants were assigned to one of 
six cough subclasses (Table 1).

The prevalence of occupational exposures is presented in 
Table S5. The most common exposures were gases and fumes 
(72%), biological dust (56%), mineral dust (49%), and other sol-
vents (40%). These relatively high exposure rates reflect the 
occupational profile of Tasmania, which has a higher propor-
tion of workers in agriculture and other rural industries com-
pared to other parts of Australia. Distributions of occupational 
exposures across the cough subclasses are shown in Tables S6 
and S7.

3.2   |   Occupational Exposures and Cough 
Outcomes

Associations between occupational exposures and the six 
novel cough subclasses were seen when measured as ever-
exposure (Table 2) or cumulative exposure (Table 3) and were 
summarised in Tables  4 and 5. Ever-exposure to dust/gases 
(only-low, adjusted multinomial odds ration [aMOR] = 1.49, 
95% CI: 1.04–2.15; ever-high, aMOR = 1.71, 95% CI: 1.14–2.56), 
cumulative exposures to biological dust (aMOR = 1.06, 95% CI: 
1.02–1.10), and to pesticides (e.g., herbicides aMOR = 1.09, 95% 
CI: 1.02–1.17) were all associated with the “cough with aller-
gies” subclass. There was also some evidence of the association 
between ever-high exposure to herbicides and the “cough with 
allergies” subclass (aMOR = 1.56, 95% CI: 0.98–2.46).

There were associations between only-low exposure to gases 
and fumes (aMOR = 1.55, 95% CI: 1.02–2.36), cumulative expo-
sure to herbicides (aMOR = 1.09, 95% CI: 1.00–1.77), and the “in-
termittent productive cough” subclass.

Cumulative exposure to aromatic solvents was associated with 
the “chronic dry cough” subclass (aMOR = 1.15, 1.02–1.29). 
Ever-high exposure to other solvents was associated with the 
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“chronic productive cough” subclass (aMOR = 2.81, 1.26–6.24). 
No association was found for the “minimal cough” subclass 
(Tables 2 and 3).

The previously standard definitions of chronic bronchitis (CB) 
and chronic phlegm (CP) resembled the “chronic productive 
cough” subclass, and their occupational risks were also similar 
(Appendix S1).

3.3   |   Sensitivity Analyses

Correlations between occupational exposures are shown in 
Figure  S2. Generally, there were moderate to high correla-
tions between exposures in each group (i.e., dust/gases, pesti-
cides, solvents), and between the dust/gases and other groups; 
but low correlations between pesticides and solvents/metals. 
Associations with consistent evidence from the main analysis 
(Tables 2, 3, and S8) and sensitivity analyses accounting for such 
correlations (Tables S10–S16) have been highlighted and sum-
marised by cough outcomes in Table 4, and by occupational ex-
posure in Table 5.

There was consistent evidence supporting associations between 
biological dust and “cough with allergies”; aromatic solvents and 
“chronic dry cough”; as well as herbicides, other solvents and 
“intermittent productive cough”, “chronic productive cough” 
(Tables S13–S15).

4   |   Discussion

This is the first population-based study that has investigated 
associations between occupational exposures and a contempo-
rary classification of cough subclasses. We found distinct oc-
cupational risks for different cough subclasses. Occupational 
exposure to biological dust was associated with “cough with al-
lergies”, while aromatic solvents were associated with “chronic 
dry cough”. Such associations were not found when using stan-
dard cough definitions (i.e., chronic cough [CC], chronic bron-
chitis [CB], and chronic phlegm [CP]), as these definitions did 
not capture the “allergic” or “dry” features of cough. We also 
found consistent associations between other solvents (other 
than aromatic and chlorinated), herbicides and the two pro-
ductive cough subclasses (“intermittent productive cough” and 
“chronic productive cough”), as well as the standard CB and CP 
outcomes.

We found strong and consistent associations between bio-
logical dust and the “cough with allergies” subclass. This is 
not surprising, as occupational exposure to biological dust is 
a well-established risk factor for asthma and allergies [21], 
yet allergic cough has rarely been studied in that context. We 
did not find any association between biological dust (nor min-
eral dust or gases and fumes) and the standard cough defini-
tions. The borderline association between biological dust and 
CP was attenuated when correlated agents (e.g., pesticides) 
were adjusted or excluded in the sensitivity analyses. These 
findings are consistent with the literature, as studies account-
ing for correlations between dust/fumes and other occupa-
tional exposures found attenuated associations between dust/
fumes and cough outcomes [13, 14] while other studies had 
mixed findings [10, 12, 22–24], possibly due to their various 
subgroup analysis and uncontrolled confounding (including 
confounding introduced by correlated exposures) [9].

Occupations with high exposure to biological dust in our study 
population included construction and manufacturing labour-
ers, building frame and related trades workers, and farmers. 
As shown in our study, almost all other agents correlated with 

TABLE 1    |    Demographic characteristics of participants at age 
53 years (N = 3242).

Demographic 
characteristics

Participants included 
for the occupational 

risk analysis (N = 3242)

Male 1578 (49%)

Age, years 53 ± 1

Highest 
education

< Grade 12 1072 (33%)

Grade 12 or 
equivalent

1376 (43%)

University 
or higher

759 (24%)

Smoking Never 1432 (44%) Pack-years: 
median, 
IQR (n)

Past 1246 (39%) 8, 17 (1110)

Current 557 (17%) 24, 23 (527)

BMI (kg/m2) 29 ± 6

Obesity (BMI > 30 kg/m2) 1046 (33%)

Adulthood asthma 432 (13%)

Childhood asthma 476 (15%)

Chronic cough 337 (10%)

Chronic phlegm 189 (6%)

Chronic bronchitis 96 (3%)

Cough subclasses at age 
53 years

N (%)

Non-coughers (reference 
group)

1242 (38%)

Minimal cough 181 (6%)

Cough with colds only 1069 (33%)

Cough with allergies 281 (9%)

Intermittent productive 
cough

195 (6%)

Chronic dry cough 135 (4%)

Chronic productive cough 139 (4%)

Note: Numbers are presented as crude numbers (%) for categorical variables; 
mean ± standard deviation for continuous variables; median, IQR (n, number of 
participants with values > 0) for pack-years (missing data for 166 participants).
Abbreviations: BMI, body mass index in kg/m2, obesity defined as BMI > 30 kg/
m2; IQR, inter-quartile range.
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TABLE 2    |    Adjusted associations between occupational exposures (ever-exposure) and cough subclasses at age 53 years.

Ever 
occupational 
exposures

Cough subclasses at age 53 years (N = 3022)

Minimal 
cough 

(n = 173)

Cough with 
colds only 
(n = 1001)

Cough with 
allergies 
(n = 264)

Intermittent 
productive 

cough 
(n = 178)

Chronic 
dry cough 
(n = 122)

Chronic 
productive 

cough 
(n = 129)

aMOR (95% CI)

Biological 
dust

L 1.01 (0.70–1.46) 1.08 (0.89–1.31) 1.63 (1.17–2.20) 1.10 
(0.76–1.59)

0.78 (0.49–1.22) 0.91 
(0.58–1.43)

H 0.84 (0.53–1.33) 0.88 (0.69–1.13) 1.75 (1.17–2.60) 0.87 
(0.55–1.37)

1.19 (0.72–1.97) 0.98 
(0.58–1.65)

Mineral dust L 1.24 (0.82–1.89) 1.13 (0.89–1.42) 1.27 (0.88–1.84) 1.34 
(0.89–2.02)

1.28 (0.78–2.07) 1.25 
(0.76–2.04)

H 1.06 (0.68–1.64) 1.10 (0.87–1.39) 1.61 (1.11–2.34) 0.86 
(0.55–1.36)

0.99 (0.58–1.68) 0.99 
(0.58–1.68)

Gases and 
fumes

L 1.19 (0.80–1.78) 1.14 (0.93–1.41) 1.60 (1.14–2.25) 1.55 
(1.02–2.36)

0.95 (0.60–1.49) 1.28 
(0.78–2.11)

H 1.29 (0.80–2.07) 1.17 (0.91–1.51) 1.78 (1.16–2.72) 1.17 
(0.71–1.93)

0.99 (0.57–1.72) 1.21 
(0.68–2.17)

Herbicides L 0.63 (0.27–1.51) 1.03 (0.70–1.53) 1.24 (0.67–2.28) 0.82 
(0.39–1.76)

0.69 (0.26–1.81) 1.22 
(0.56–2.65)

H 0.95 (0.54–1.68) 1.01 (0.75–1.38) 1.56 (0.98–2.46) 1.39 
(0.85–2.28)

0.98 (0.50–1.82) 1.12 
(0.59–2.12)

Insecticides L 0.73 (0.2–1.90) 0.62 (0.37–1.04) 1.09 (0.53–2.23) 0.64 
(0.24–1.70)

0.76 (0.26–2.23) 1.05 
(0.40–2.71)

H 0.80 (0.46–1.40) 1.09 (0.83–1.44) 1.44 (0.94–2.21) 1.19 
(0.74–1.92)

0.76 (0.39–1.48) 0.88 
(0.48–1.63)

Fungicides L 0.97 (0.44–2.13) 0.64 (0.39–1.04) 0.96 (0.45–2.02) 0.66 
(0.27–1.60)

1.45 (0.64–3.26) 0.61 
(0.20–1.82)

H 0.75 (0.43–1.32) 1.04 (0.79–1.37) 1.44 (0.94–2.18) 1.12 
(0.69–1.79)

0.83 (0.43–1.58) 1.02 
(0.57–1.81)

Aromatic 
solvents

L 0.94 (0.62–1.44) 1.20 (0.96–1.50) 1.39 (0.97–2.01) 0.88 
(0.57–1.33)

1.26 (0.77–2.05) 0.92 
(0.55–1.54)

H 0.69 (0.20–2.41) 0.77 (0.39–1.51) 0.27 (0.04–2.07) 0.54 
(0.15–1.92)

2.04 (0.70–5.91) 2.29 
(0.87–6.02)

Chlorinated 
solvents

L 0.94 (0.53–1.66) 1.09 (0.81–1.46) 0.71 (0.41–1.23) 0.69 
(0.38–1.27)

1.26 (0.69–2.30) 1.33 
(0.73–2.42)

H 1.42 (0.81–2.48) 1.26 (0.91–1.73) 0.96 (0.52–1.77) 0.81 
(0.44–1.51)

0.87 (0.39–1.93) 0.96 
(0.45–2.06)

Other 
solvents

L 1.13 (0.80–1.59) 1.15 (0.96–1.38) 1.20 (0.89–1.62) 1.01 
(0.71–1.44)

0.94 (0.62–1.43) 1.01 
(0.66–1.55)

H 0.89 (0.34–2.35) 1.05 (0.64–1.75) 0.28 (0.07–1.19) 0.94 
(0.38–2.37)

1.63 (0.64–4.13) 2.81 
(1.26–6.24)

Metals 0.88 (0.51–1.53) 0.95 (0.71–1.27) 0.78 (0.45–1.33) 0.63 
(0.36–1.09)

1.41 (0.79–2.53) 0.90 
(0.48–1.68)

H 1.33 (0.76–2.33) 1.26 (0.92–1.74) 1.05 (0.58–1.92) 0.65 
(0.35–1.22)

0.93 (0.42–2.05) 0.85 
(0.41–1.79)

Note: No exposure as the reference. All compared to the “non-coughers” as the reference group.
Abbreviations: H, ever-high; L, only-low; MOR, adjusted multinomial odds ratio, adjusted for sex, education, smoking, pack-years, childhood asthma and adulthood 
asthma at age 53 years.
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TABLE 4    |    Summary of associations between occupational risks and cough outcomes at age 53 years.

Cough outcomes at mean age 53 Associated exposure Notes and estimates (aMOR/aOR, 95% CI)

Novel cough subclasses

Cough with allergies (n = 281) Biological dust Consistent associations with ever-exposure 
(low-level, aMOR = 1.63, 1.17–2.20; high-level, 

aMOR = 1.75, 1.17–2.60) and cumulative exposure 
to biological dust (aMOR = 1.06, 1.02–1.10).

The following agents all correlated with biological 
dust, and their associations were all attenuated 
in sensitivity analyses: mineral dust, gases and 

fumes, all pesticides, aromatic solvents.

Intermittent productive cough (n = 195) Herbicides
Other solvents

Consistent association with cumulative exposure 
to herbicides (aMOR = 1.09, 1.00–1.77).
Borderline association with cumulative 

exposure to other solvents (aMOR = 1.06, 
0.98–1.16) but became stronger in sensitivity 

analyses (aMOR = 1.11, 1.00–1.24).
Association with low-level ever-exposure to 
gases and fumes was attenuated in subgroup 
analysis which excluded participants exposed 

to herbicides and other solvents.

Chronic dry cough (n = 135) Aromatic solvents Consistent association with cumulative 
exposure (aMOR = 1.15, 1.02–1.29) of aromatic 

solvents, similar association with other solvents 
was attenuated in sensitivity analyses.

Consistently high point estimates for ever-high 
exposure to aromatic solvents (i.e., aMOR ranges 

from 1.55 to 2.04), with wide 95% CIs in all analyses.

Chronic productive cough (n = 139) Other solvents Consistent associations with ever-high exposure 
(aMOR = 2.81, 1.26–6.2), and cumulative to 

other solvents (aMOR = 1.09, 0.99–1.20).
The association with aromatic solvents 
attenuated in all sensitivity analyses.

Standard cough definitions

CB (n = 96) Other solvents Consistent associations with ever-high exposure 
to other solvents (aOR = 2.48, 1.01–6.06).

Sex interacted with cumulative exposure to other 
solvents (p-for-interaction = 0.095), with consistent 
association for females (aOR = 1.16, 1.02–1.33), but 

no association for males (aOR = 0.94, 0.78–1.13).

CP (n = 189) Herbicides
Other solvents

Consistent associations with both ever-
high exposure and cumulative exposures 

to herbicides and other solvents.
Sex interacted with cumulative exposures to 
herbicides (p-for-interaction = 0.026), with 

associations with CP for males (aOR = 1.15, 1.06–
1.24) but not for females (aOR = 0.86, 0.64–1.17).

The associations and interaction by sex with dust/
gases attenuated in all sensitivity analyses.

Note: Associations were considered “consistent” when associations remained unchanged (< 10%) or became stronger in the main analysis (Tables 2–4) and all 
sensitivity analyses (Tables S7–S14). The cough outcomes, “minimal cough”, “cough with colds only”, and the standard CC were not listed as there were no consistent 
associations found for them.
Abbreviations: aMOR, adjusted multinomial odds ratio, adjusted for sex, education, smoking, pack-years, childhood asthma and adulthood asthma at age 53 years, 
and correlated agents if specified; CB, cough and phlegm ≥ 3 months and ≥ 2 years; CC, chronic cough, cough ≥ 3 months; CP, chronic phlegm, phlegm ≥ 3 months; 
Cumulative exposure unit-year, cumulative exposure unit-year, aMOR/aOR presented for evert per 10-year increase.
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biological dust, and such correlations have introduced both 
type I and type II errors to the results in the main analysis. In 
other words, when correlated agents were not accounted for, 
associations with biological dust were likely to be biased. The 
association was also likely to be attenuated when allergic and 
non-allergic cough were analysed together.

We consistently found aromatic solvents to be associated with 
the “chronic dry cough” subclass, but no such associations with 
standard cough definitions. To our knowledge, no previous study 
has investigated dry cough, that is, without phlegm in general 
populations that could be directly compared with our results. 
Our study has uncovered an important finding as dry cough is 
commonly seen in undiagnosed/refractory chronic cough and 
cough hypersensitivities [25]. Occupations with high exposure 
to aromatic solvents in our study population included painting 
and construction labourers. Further exploration of the underly-
ing mechanisms between aromatic solvents and a “chronic dry 
cough” subclass is warranted to develop specific prevention/
treatment strategies for dry cough.

Conversely, exposures to solvents other than aromatic and 
chlorinated solvents were consistently associated with the two 
productive cough subclasses (“chronic productive” and “inter-
mittent productive”). The dose–response effects were shown in 

both ways: significant associations were shown for cumulative 
exposures; and the association was stronger if the productive 
cough was chronic as opposed to intermittent. These findings 
were consistent with a previous study, which found a higher age- 
and smoking-adjusted prevalence of chronic productive cough 
for people exposed to solvents [26]. By definition, the “chronic 
productive cough” subclass resembled the standard definition of 
CB, and the definition of CP is part of CB. As expected, we found 
similar associations between other solvents and CB, CP.

We also found an interaction by sex, as the dose–response re-
lationship between cumulative exposure of other solvents and 
CB was only seen among males, but not females. These find-
ings were somewhat consistent with the ECRHS (European 
Community Respiratory Health Survey) [13] which found asso-
ciations between ever-exposure to other solvents and incident CP 
among males, but not females. However, sex-stratified analysis 
was not conducted for CB, and there was no overall association 
between solvents and CB in the ECRHS. Another population-
based study (Lifelines) did not find any association between sol-
vents and CC, CB or CP, possibly due to the use of a composite 
solvent variable as opposed to individual solvent types and the 
very low prevalence of solvent exposure [14]. As shown in our 
study, individual solvent types were highly correlated with each 
other, confounding their associations with cough subclasses. 

TABLE 5    |    Summary of occupational exposures, their correlations, and associations with cough outcomes supported by consistent evidence.

Occupational exposures Major findings (aMOR/aOR, 95% CI)

Biological dust Consistent association with the “cough with allergies” subclass, with both 
ever-exposures (only-low, aMOR = 1.63, 1.17–2.20; ever-high, aMOR = 1.75, 

1.17–2.60) and cumulative exposure (aMOR = 1.06, 1.02–1.10).
Correlated with mineral dust, gases and fumes, all pesticides, 

aromatic solvents, and other solvents.

Herbicides Consistent association with the “intermittent productive cough” 
subclass (cumulative exposure, aMOR = 1.09, 1.00–1.77).

Consistent associations with CP (ever-high and cumulative exposure), 
interacted by sex (cumulative, aOR for males = 1.15, 1.06–1.24; aOR 

for females =0.86, 0.64–1.17; p-for-interaction = 0.026).
Correlated with other insecticides, fungicides, and dust/gases. Over 99% of 

the participants exposed to herbicides were co-exposed to dust/gases.

Aromatic solvents Consistent association with the “chronic dry cough” subclass, with strong evidence for 
cumulative exposure (aMOR = 1.15, 1.02–1.29), and weak evidence for ever-high exposure 

(i.e., wide 95% CIs but large point estimate, with aMOR ranges from 1.55 to 2.04).
Correlated with other solvents.

Other solvents Consistent association with the “intermittent productive cough” subclass, with 
moderate evidence for cumulative exposure (aMOR = 1.06, 0.98–1.16).

Consistent association with the “chronic productive cough” subclass, with both ever-
high exposure (aMOR = 2.81, 1.26–6.2), and cumulative (aMOR = 1.09, 0.99–1.20).

Consistent association with CB with ever-high exposure (aOR = 2.48, 
1.01–6.06) and cumulative interacted by sex (aOR for females = 1.16, 1.02–

1.33; aOR for males = 0.94, 0.78–1.13; p-for-interaction = 0.095).
Consistent association with CP with ever-high exposure (aOR = 2.26, 

1.14–4.51) and cumulative (aOR = 1.09, 0.99–1.20).
Correlated with aromatic solvents, and dust/gases.

Note: Associations were considered “consistent” when associations remained unchanged (< 10%) or became stronger in the main analysis (Tables 3–5) and all 
sensitivity analyses (Tables S7–S14). Occupational exposures were not listed if there were no consistent associations (e.g., metals).
Abbreviations: aMOR, adjusted multinomial odds ratio, aOR, adjusted odds ratio, adjusted for sex, education, smoking, pack-years, childhood asthma and adulthood 
asthma at age 53 years, and correlated agents if specified. CB, cough and phlegm ≥ 3 months and ≥ 2 years; CC, chronic cough, cough ≥ 3 months; CP, chronic phlegm, 
phlegm ≥ 3 months; Cumulative exposure unit-year, cumulative exposure unit-year, aMOR/aOR presented for evert per 10-year increase.
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Additionally, neither the ECRHS nor the Lifelines used cumula-
tive exposure [13, 14] therefore, they were unlikely to reveal the 
dose–response association found in the current study.

In the present analysis, the productive cough subclasses and 
CB, CP were also associated with occupational exposure to 
pesticides, especially herbicides. We found consistent evidence 
for associations between herbicides and the “intermittent pro-
ductive cough”, as well as CP. However, evidence was less con-
sistent for “chronic productive cough”, CB, or other pesticides 
(i.e., insecticides, fungicides) with wider confidence intervals. 
Such inconsistencies and the wide 95% CIs may partially be ex-
plained by the low prevalence of CB (n = 96, 3%) in the current 
sample. The ECRHS also found no association between pesti-
cides and CB, and the incidence of CB was even lower (1.7%) 
[13]. Conversely, an earlier follow-up of a TAHS subgroup at 
age 45 years found occupational exposures to all pesticides (and 
herbicides, insecticides individually) were associated with CB 
and CP, and their prevalence of CB was 8.7% (246 of 1332) at 
age 45 years [27].

The Lifeline study found associations between ever-high expo-
sure to pesticides and incident CB, as well as incident CP [14]. 
This may be explained by the higher power caused by the less 
stringent definition of CB (productive cough for > 3 months per 
year, as opposed to > 3 months and > 2 years) [14]. Both the cur-
rent study and the ECRHS study found interactions between 
sex, a pesticide and CP; however, the current analysis found her-
bicides (cumulative) to be associated with CP in males, while 
the ECRHS study found insecticides as well as fungicides (ever-
exposure, combined levels) to be associated with CP in females 
[13] This could be explained by the different exposure levels of 
pesticides and correlations between individual pesticides in the 
two studies, as TAHS participants were almost 10-fold more 
likely to be ever-exposed to a pesticide with stronger correlations 
within different types of pesticides, compared to the more ur-
banised participants in ECRHS [13].

Our findings of associations between other solvents, pesticides 
and the productive cough outcomes (i.e., “intermittent produc-
tive cough”, “chronic productive cough”, CB, and CP) are im-
portant as the two productive cough subclasses were associated 
with disadvantaged lifetime lung function trajectories [6]; and 
CB are known to be linked to premature death [4]. As 99% of 
participants exposed to pesticides or other solvents were co-
exposed to dust/gases, and exposures to dust/gases alone were 
not associated with any of these productive cough outcomes 
(Table S16), this observation could be due to either a main ef-
fect by other solvents/pesticides or interaction with gases/dust. 
Further studies are needed to fully understand the underlying 
pathophysiological mechanisms. In our study population, per-
sonal service workers (i.e., hairdressers, beauty therapists) and 
shop salespeople were specifically exposed to solvents other 
than aromatic and chlorinated types; and people exposed to 
pesticides were mostly farmers. A detailed job history for these 
occupations is important when assessing patients whose cough 
is productive.

Similar to the Lifelines study [14], we did not find associations 
between metal exposures and standard cough definitions. 

However, the ECRHS found ever-exposure to metals to be asso-
ciated with each of CC, CB, and CP.

4.1   |   Strengths and Limitations

One of the major strengths of the current study is the use of 
cough subclasses identified by latent class analysis for a general 
population. They captured “allergic” and “non-productive or 
dry” cough which do not feature in the commonly used standard 
definitions of CC, CB, and CP [6]. We applied a JEM to measure 
occupational exposure, based on complete job histories, to min-
imise recall bias or differential information bias introduced by 
self-reported exposures. We also used cumulative exposure to 
assess dose–response relationships. By using data from a pro-
spective cohort study, we were able to control for multiple im-
portant confounders, including asthma status in childhood. We 
also used multiple sensitivity analyses to assess the effect of co-
exposures in our findings.

Despite the above strengths, there are some limitations. Although 
the use of JEM is well-established in epidemiological studies, a 
major limitation is that it cannot account for individual variation 
in exposure levels for people who have the same job title. The 
group-based exposure assessment results in Berkson-type error 
that will result in no or little bias in risk estimates but with in-
creased imprecision (i.e., wider 95% CIs) [28]. Both the cough 
outcomes and occupational exposures were collected at age 
53 years, and we were unable to exclude participants who had 
cough that preceded their exposures. Although we adjusted for 
multiple confounders that were identified by a DAG and guided 
by literature review, there could always be residual/unknown 
confounding. While multiple comparisons increased the possibil-
ity of chance findings, most associations were consistent across 
different exposure measures (i.e., ever-exposure, cumulative 
exposure) and sensitivity analyses. However, given the number 
of comparisons and small subgroup sizes, spurious associations 
cannot be ruled out. Ideally, our findings are replicated in other 
suitable cohort studies before causal inferences are made.

We did not further stratify the analysis of cough subclasses by sex 
or smoking, as there were already six cough subclasses, but we 
conducted interaction analysis using standard cough definitions 
to compare with other studies. In addition, TAHS is a homoge-
neous predominantly Caucasian sample born in 1961 in the state 
of Tasmania, Australia, which may limit the generalisability of 
our findings to other ethnically more diverse populations.

In conclusion, using novel cough subclasses in a middle-aged 
population, subclass-specific occupational risks were identified, 
suggesting different management and prevention strategies for 
different cough subclasses. We found associations between bi-
ological dust and allergic cough; aromatic solvents and chronic 
dry cough; herbicides and other solvents and productive cough. 
Such associations could not be fully identified just using stan-
dard cough definitions, that is, chronic cough, chronic bronchi-
tis, and chronic phlegm. These findings strengthen the evidence 
base on occupationally acquired cough to inform the clinical 
assessment of patients and health protection strategies in the 
workplace.
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