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Abstract

Dust-exposed construction workers have an increased risk of respiratory symptoms, but the
efficacy of dust-control measures remains unclear. This study compared respiratory symp-
toms, using a modified European Community Respiratory Health Survey questionnaire,
between construction workers (n = 208) and a reference group of bus drivers and retail
workers (n = 142). Within the construction workers, we assessed the effect of collective (on-
tool vacuum/ wet-cut’ systems) and personal (respirators) exposure controls on symptom
prevalence. Logistic regression assessed differences between groups, adjusted for age,
ethnicity, and smoking status. Construction workers were more likely to cough with phlegm
at least once a week (OR 2.4, 95% CI 1.2—4.7) and cough with phlegm >3 months/year for
>2 years (OR 2.8, Cl 1.2-7.0), but they had similar or fewer asthma symptoms. Construc-
tion workers who had worked for 11-20 years reported more cough/phlegm symptoms (OR
5.1, 1.7-15.0 for cough with phlegm >3 months/year for >2 years) than those who had
worked <10 years (OR 1.9, 0.6-5.8), when compared to the reference group. Those who
used ‘wet-cut’ methods reported less cough with phlegm, although the evidence for this
association was weak (OR 0.4, Cl 0.2—1.1 for cough with phlegm at least once a week); use
of on-tool extraction showed a similar trend. No associations between respiratory protective
equipment-use and symptoms were found. In conclusion, construction workers reported
more symptoms suggestive of bronchitis, particularly those employed in the industry for >10
years. Use of collective dust exposure controls might protect against these symptoms, but
this requires confirmation in a larger study.

Introduction

Workers in the construction industry are regularly exposed to both organic (e.g. wood) and
inorganic (e.g. silica) dust due to working in close proximity to processes involving cutting,
drilling, sanding, grinding and breaking of wood, wood composites, concrete and masonry
cement fibreboard [1-4]. Exposures may also occur due to disturbing deposited dust (e.g.
cleaning). This, in addition to working in the confined spaces typical of many construction
environments, may result in elevated and sustained exposures [4,5].
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Previous studies have shown a higher prevalence of respiratory symptoms in dust-exposed
construction workers, including wheezing and chronic cough [6]. In particular, cough with
phlegm and symptoms suggestive of chronic bronchitis e.g. cough with phlegm daily for more
than 3 months/year for more than 2 consecutive years) are commonly reported [6-10]. For
example, in a study of 899 Danish construction workers [7], workplace dust exposure was asso-
ciated with a higher prevalence of chronic cough and reduced lung function compared to an
unexposed reference group, with those experiencing high daily dust exposures (such as demo-
lition workers) particularly affected.

Few studies have been conducted in New Zealand, and these were either general popula-
tion-based surveys with limited numbers of construction workers [11,12], or reported on
asthma-related outcomes only [13]. Furthermore, these studies were conducted 10-20 years
ago and workplace conditions are likely to have changed since then [14]. In particular, the effi-
cacy and use of collective and personal dust exposure controls (e.g. local exhaust ventilation
and RPE) are likely to have improved over the past decade [14-16], which (through the associ-
ated reduction in workplace exposures) may have resulted in a decline in respiratory symp-
toms [17]; however, relatively few studies of construction workers have directly assessed this
[18].

In the current survey of construction workers and a reference group of retail workers and
bus drivers [19,20] we assessed: 1) the prevalence of respiratory symptoms; 2) associations
between employment duration and symptoms; and 3) whether use of measures to control dust
is associated with a lower prevalence of respiratory symptoms.

Methods
Study population

Construction workers were recruited as described previously [21]. Briefly, after initial contact
with large construction project management companies, we recruited 223 workers (aged 17—
70 years) through 65+ subcontractors, representing a broad range of construction trades (e.g.
general builders, scaffolders, carpenters, electricians, plumbers and painters) throughout the
North Island of New Zealand. The comparison group (n = 281) comprised retail workers and
bus drivers who were of similar socioeconomic status, and were recruited from similar geo-
graphical areas by approaching employers directly (retail workers) or through unions (bus
drivers) [19]. All workers aged between 17 and 70 were invited to take part, and women were
excluded from the analysis due to low numbers of female workers in the construction group.
This project received ethical approval from the New Zealand Multi-Region Ethics Committee,
Application MEC/10/08/081. Informed, written consent was obtained from all participants
prior to participation in the study.

Questionnaire

Were administered face-to-face. Construction workers were asked about the use of materials
and tools which generate dust, participation in dusty work, and the use of collective and per-
sonal dust exposure control measures (based on a priori knowledge of on-site conditions,
(obtained from exploratory site visits/surveys, and industry practice)). In particular, they were
asked if they ever use ‘on-tool’ vacuum dust extraction (e.g. attachment of a portable vacuum
cleaner to power tool exhaust ports) and/or ‘wet-cut’ methods (where water is continually fed
onto the blade/bit of the tool). Use of respiratory protective equipment (RPE) (both ever/never
and frequency) was also assessed. For questions relating to frequency of use of dust suppres-
sion techniques and RPE-use, responses were on a on a 5-point scale-‘seldom/never’, ‘some-
times’, ‘often’, ‘very often’ and ‘always’. Responses were dichotomised for subsequent analysis,
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with ‘seldom/never’ and ‘sometimes’ constituting a negative, and ‘often’, ‘very often” and
‘always’ a positive response. Workers who reported no use of tools that generate dust were cat-
egorised as ‘not applicable’ for questions on both use of on-tool extraction and wet-cut
methods.

The effect of work duration was assessed by dividing collision repair workers into tertiles
which were then ‘rounded’ to the nearest decade of work duration, i.e. those who had worked
in the industry <10 years, (average of 4.0 years; range 0.2-9.9), 10-20 years (average 14.3 years
(10.1-19.9)), and >20 years (average 30.8 years (20.0-57.0)), as described previously [20,21].
Construction workers were also stratified according to their specific trade, based on company
profiles and questionnaire responses i.e. Self-reported job title and work tasks performed.

Respiratory symptoms were assessed using questions based on the European Community
Respiratory Health Survey (ECRHS) [22]. Self-reported asthma was identified using a well-
characterised ECRHS definition involving a positive response to one or more of the following
symptoms: 1) woken by shortness of breath in the last 12 months; 2) asthma attack in the last
12 months; or 3) current asthma medication. We also asked if asthma had been confirmed by
a doctor. Self-reported symptoms associated with Chronic bronchitis were identified in accor-
dance with the British Medical Research Council (BMRC) guidelines i.e. cough with phlegm
almost daily for >3 months/year for >2 consecutive years [7,23]. Additional questions about
respiratory symptoms (e.g. wheezing/whistling in the chest, breathlessness, chest tightness)
and symptom frequency were also included. For questions relating to symptom frequency,
responses were dichotomised as follows: ‘at least once a week’ and ‘at most twice a month’ (the
latter including those who responded ‘Never/Seldom’).

Questions regarding potential confounders including age (years), ethnicity (Maori, Pacific
or Other), and smoking status (never smoker, i.e. smoked fewer than 5 packets of cigarettes in
whole life; ex-smoker, i.e. more than 5 packs in whole life and not a current smoker or; current
smoker, i.e. more than 5 packs in whole life and still smoke [20,24]) were also included.

Statistical analyses

All analyses were conducted using Stata version 13.1 (StataCorp LP, Texas, USA). Continuous
and categorical data were analysed using t-test and chi-squared tests as appropriate. Prevalence
odds ratios (pORs) comparing symptom prevalence between exposure groups were calculated
using logistic regression. Comparisons were also made between the reference group and con-
struction workers stratified according to both their employment duration and their specific
trade. All analyses were adjusted for age (years), ethnicity (Maori, Pacific or Other), and smok-
ing status.

Results

Of the 223 construction workers who agreed to take part, 14 were excluded due to missing
data. Women were also excluded (see above), leaving 208 construction and 142 reference
workers (84 retail workers and 58 bus drivers) for inclusion in the analyses. Response rates
were 64% and 34% for the construction and reference groups, respectively.

The characteristics of the construction workers (including numbers by trade) and reference
groups are shown in Table 1. Construction workers were younger (mean 36.2 yrs. vs. 40.7 yrs.,
p<0.01), and a significantly higher proportion identified as Maori (the Indigenous population
of New Zealand) compared to the reference group (32.2% vs. 9.2%, p<0.01). Smoking status
was similar for both groups.

Construction workers had higher rates of cough with phlegm, e.g. cough with phlegm
almost daily for >3 months/year for >2 years (OR 2.8, 95% CI 1.2-7.0), but were less likely to
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Table 1. Participant characteristics.

Reference workers (n = 142) | Construction workers (n = 208)
n % n %

Ethnicity
Maori 13 9.2 67 32.2
Pacific 19 13.5 23 11.1
Other (incl. New Zealand European) 109 77.3 118 56.7

Smoking Status
Non-smoker 60 42.3 86 41.4
Ex-smoker 34 23.9 45 21.6
Current smoker 48 33.8 77 37.0

Mean Range Mean Range

Age 40.7 17-70 36.2 17-64

Duration of employment (Years) - - 14.1 0.1-57

Construction trade subcategories

Job title n %

‘General builders’ 83 39.9

Scaffolders 36 17.3

Carpenters 21 10.1

Plumbers 20 9.6

Managers/H&S staft 13 6.3

Painters 12 5.8

Electricians 11 5.3

Groundworkers/plant operators 7 34

Steel Fabricators 3 14

Waterproofers 2 1.0

n(%)

Exposure control use No Yes N/A
On-tool extraction 62 (29.8) 95 (45.7) 51 (24.5)
Wet-cut methods 64 (30.8) 91 (43.8) 53 (25.5)
RPE 91 (43.8) 91 (43.8) 26 (12.5)

‘RPE’ = Respiratory Protective Equipment.

https://doi.org/10.1371/journal.pone.0266668.t001

have had a self-reported attack of asthma (OR 0.4, 0.4-1.0) in the past 12 months (Table 2).
Workers with medium employment duration (11-20 yrs) were more likely to have cough with
phlegm symptoms than workers with the longest duration (>20 yrs; e.g. almost daily for >3
months/year for >2 years, OR 5.1, 1.7-15.0, Table 2). Those with the longest employment
duration also had the lowest rates of wheezing or whistling in the chest (OR 0.4, 0.2-0.9) com-
pared to the reference group.

Stratified analyses by specific construction trade among construction workers showed that
ground workers/plant operators (n = 7, Table 3) had a higher prevalence of cough with phlegm
symptoms compared to the reference workers, followed by painters (n = 12) and scaffolders
(n = 36).

A smaller proportion of construction workers who indicated using any on-tool extraction
or wet-cut methods reported cough with phlegm symptoms compared to those who did not
(e.g. cough with phlegm almost daily for >3 months/year for >2 years, OR 0.4, 95% CI 0.1-
1.1, cough with phlegm, OR 0.4, 0.2-1.1, and dry cough, at least once a week vs. at most twice a
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Table 2. Prevalence odds ratios (OR) of respiratory symptoms in all construction workers and stratified by employment duration tertiles compared to reference

workers.

Respiratory symptoms:

Wheezing/whistling in chest in past 12 months.
Woken by shortness of breath in past 12 months
Attack of asthma in the past 12 months

Asthma diagnosis

On medication for asthma

ECRHS asthma definition

Cough almost daily for at least part of the year

Dry cough at least once a week (vs. at most twice a

month)

Cough almost daily for >3 months/yr for >2 years

Cough with phlegm almost daily for at least part of the

year

Cough with phlegm at least once a week (vs. at most

twice a month)

Cough with phlegm almost daily for >3 months/yr for

>2 years

Retail All Construction Construction workers—employment duration (Mean)
workers workers <10 yrs (4.0) 11-20 yrs (14.3) >20 yrs (30.8)
n =142 n =208 n=99 n=49 n =60
N (%) N(%) |OR(95% |N(%) |OR(95% |N(%) |OR(95% |N(%) |OR(95%
cn’ cn’ cn’ cn’
50 (35.2) 55 0.6 (0.4- 27 0.6 (0.3- 17 1.0 (0.5- 11 0.4 (0.2-
(26.4) 1.0) (27.3) 1.1) (34.7) 2.0) (18.3) 0.9)
10(7.0) | 10(48) | 05(02- | 8(8.1) | 0.7(0.3- | (0(0.0) - 2(33) | 04(0.1-
1.3) 2.2) 2.1)
11(7.8) 8(3.9) 0.4 (0.1- 4(4.0) 0.3 (0.1- 2(4.1) 0.4 (0.1- 2(3.3) 0.4 (0.1-
1.0) 1.2) 2.0) 1.9)
32(22.5) 49 0.9 (0.5- 31 1.1 (0.6- 13 1.1 (0.5- 5(8.3) 0.4 (0.1-
(23.6) 1.6) (31.3) 2.2) (26.5) 2.4) 1.1)
11 (7.8) 17(82) | 0.9 (0.4- 11 14(05- | 4(82) | 1.0(03- | 2(33) | 0.3(0.1-
2.1) (11.1) 3.7) 3.3) 1.7)
17 (12.0) 22 0.7 (0.4- 13 09(04- | 6(12.2) | 0.9(0.3- 3 (5.0) 0.3 (0.1-
(10.6) 1.5) (13.1) 2.2) 2.6) 1.2)
32(22.5) 44 1.0 (0.5- 15 0.7 (0.3 14 1.6 (0.7- 15 1.1 (0.5-
(21.5) 1.7) (15.5) 1.4) (24.6) 3.6) (25.4) 2.4)
21 (14.8) 35 1.2 (0.7- 14 1.1 (0.5- 12 22(09- |9(153)| 09(0.4-
(16.9) 2.3) (14.1) 2.4) (24.5) 2.1) 2.3)
21 (14.8) 36 1.3 (0.7- 11 0.9 (0.3- 12 1.5 (0.6- 13 1.5 (0.6-
(17.3) 2.5) (11.1) 2.3) (24.5) 3.4) (21.7) 3.3)
15 (10.6) 38 1.9 (1.0- 12 1.1 (0.4- 13 3.3(1.4- 13 2.4 (1.0-
(18.3) 3.8) (12.2) 2.6) (26.5) 8.1) (21.7) 6.0)
15 (10.6) 41 2.4 (1.2- 16 2.2 (0.9- 12 3.4 (1.4- 13 2.1(0.9-
(19.7) 4.7) (16.2) 5.1) (24.5) 8.4) (21.7) 5.0)
7 (4.9) 27 2.8 (1.2- 9(9.1) 1.9 (0.6- 10 5.1 (1.7- | 8(13.3) | 2.7(0.8-
(13.0) 7.0) 5.8) (20.4) 15.0) 8.5)

‘ECRHS’ = European Community Respiratory Health Survey.

ORs/Cls in bold indicate p values <0.05.
T Adjusted for age, ethnicity and smoking status.

“-”No ORs available due to non-convergence in model.

https://doi.org/10.1371/journal.pone.0266668.t002

month OR 0.4, 0.2-1.0, Table 4). No clear trends were observed between frequency of RPE use
and symptoms (S3 Table).

Discussion

In this study, construction workers reported more bronchitis-related symptoms (particularly
cough/phlegm almost daily for >3 months/year for >2 years) than reference workers, with
workers with medium duration of employment in the industry (11-20 years) most likely to
report symptoms. However, rates of self-reported asthma-related outcomes were similar or
reduced. Workers who used on-tool dust extraction or wet-cut methods reported fewer symp-
toms compared to those who indicated no/limited use, although the evidence for this associa-
tion was weak. No clear trends were observed with frequency of RPE use.

The higher prevalence of self-reported cough/phlegm symptoms is consistent with previous
studies in construction workers [7,25]. A higher prevalence cough/phlegm symptoms but not
those suggestive of asthma has also been reported previously; for example, in a large US popu-
lation-based occupational cohort study [6], ‘Construction and associated trades’ workers were
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Table 3. Prevalence odds ratios of respiratory symptoms in individual construction trades compared to reference workers (n = 142).

‘General
Builder’
n (%)
83 (39.9)
OR (95%
c’
Respiratory symptoms:
Wheezing/whistling in chest | 0.6 (0.3-
in past 12 mnths. 1.1)
Woken by shortness of 0.5 (0.2-
breath in past 12 mnths 1.9)
Attack of asthma in the past | 0.4 (0.1-
12 months 1.4)
Asthma diagnosis 1.5 (0.8-
2.8)
On medication for asthma | 0.7 (0.2—
2.1)
ECRHS asthma definition 0.7 (0.3-
1.8)
Cough daily for at least part | 0.8 (0.4-
of the year 1.7)
Dry cough at least once a 1.3 (0.6-
week (vs. at most twice a 2.7)
month)
Cough almost daily for >3 | 0.9 (0.4-
months/yr for >2 years 2.1)

Cough with phlegm daily 1.6 (0.7-
for at least part of the year | 3.8)
Cough with phlegm at least | 2.0 (0.9-
once a week (vs. at most 4.5)
twice a month)

Cough with phlegm almost | 1.7 (0.6-
daily for >3 months/yr for | 5.2)
>2 years

Scaffolder | Carpenter | Plumber | Manager/ | Painter | Electrician | Groundworker/ Steel Water
H&S plant operator | fabricator |proofer
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
36 (17.3) 21 (10.1) 20 (9.6) 13 (6.3) 12 (5.8) 11 (5.3) 7 (3.4) 3(1.4) 2 (1.0)
OR(95% | OR(95% | OR(95% | OR(95% | OR(95%  OR(95% | OR(95%CI) " | OR(95% | OR (95%
cnp’ cn’ cn’ cnp’ cn’ cn’ cn’ cn’

0.9 (0.4- 0.4 (0.1- 0.4(0.1- |0.7(0.2- 0.7 (0.2- | 0.4 (0.1- 1.7 (0.3-8.6) - -
1.4) 1.2) 2.6) 2.6) 2.2)

1.1(0.3- . . 12(0.1- | 0.8(0.1- , . . ,

10.8) 7.4)

1.2 (0.3- - -

0.7 (0.3- 0.3 (0.1- 0.3(0.1- | 1.6 (0.4- 0.6 (0.1- | 0.2 (0.0- 1.1 (0.1-10.8) - -
1.4) 1.5) 6.0) 3.1) 2.1)

15(04- |05(0.1- |- 20(04- [1.0(0.1- | 1.0(0.1- 2.3(0.2-23.3) - 12.6 (0.6-
4.3) 10.4) 9.2) 8.4) 247.3)

1.5 (0.5- 0.3 (0.0- - 1.4 (0.3- 0.5(0.1- | 0.7 (0.1- 1.7 (0.2-17.3) - 4.0 (0.2-
2.7) 6.9) 4.2) 5.7) 72.7)

0.7 (0.2- 0.9 (0.3- 0.8(0.2- |0.9(0.2- 3.3(09- | 1.1(0.2- 3.8 (0.7-21.1) - 1.4 (0.1-
3.2) 2.6) 5.0) 12.6) 6.2) 24.6)

1.4 (0.5- 0.3 (0.0- 1.3(0.4- |1.4(0.3- 0.9(0.2- | 1.6 (0.3- 5.9 (1.1-31.3) - 3.7 (0.2-
2.5) 4.4) 7.2) 4.3) 8.4) 65.5)

1.2 (0.4- 1.6 (0.5- 0.7 (0.2- | 1.6 (0.3- 2.7(0.7- |2.0(0.3- 6.2 (1.1-35.0) - 2.9(0.2-
5.9) 3.0) 8.5) 10.2) 11.4) 52.0)

3.0 (L.0- | 1.6 (0.4- 1L1(03- 109(0.1- | 44(1.2- . 8.5 (1.5-48.2) | 3.2(0.2- 3.9 (0.2-
6.7) 4.3) 8.3) 17.0) 41.5) 69.4)

3.7 (1.2- 1.6 (0.4- 24(0.7- | 1.9(0.4- 4.5 (1.2- | 1.1(0.1- 6.1 (1.0-37.7) | 5.0 (0.4 5.2 (0.3-
6.3) 8.0) 10.1) 16.7) 10.1) 69.8) 93.5)

29(07- |22(04- |24(05- [2002- |95(22- . 25.4 (3.9- 7.9 (0.5- 7.1 (0.4-
11.9) 10.8) 18.6) 40.3) 167.5) 129.5) 136.0)

‘ECRHS’ = European Community Respiratory Health Survey.

ORs/Cls in bold indicate p values <0.05.

" Adjusted for age, ethnicity and smoking status.

« »

https://doi.org/10.1371/journal.pone.0266668.1003

No ORs available due to non-convergence in model.

at significantly increased risk of ‘chronic bronchitis’ and ‘chronic cough’, but not asthma. Sim-
ilarly, in an earlier general population study in New Zealand, work in the ‘construction and
mining’ industry was associated with higher rates of chronic bronchitis [11], but not other
respiratory symptoms often used to define asthma in occupational studies (e.g. wheeze [12]).
The reasons for this are unclear, but we speculate that it may be that the majority of exposures
in this setting in New Zealand are to irritants (e.g. dust) rather than classical asthma triggers
such as allergens or other sensitisers [26-28], which may result in different symptomatology,
whilst still being identified as “occupational asthma” (which as with “asthma” in general,
encompasses a range of pathophysiologies and clinical manifestations) [29,30].

Although based on relatively small numbers in each work duration category, construction
workers with a medium duration of employment reported more bronchitis-related symptoms
compared to those with short and long employment duration (Table 2). Including age in the
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Table 4. Prevalence odds ratios for use of on-tool vacuum extraction and wet-cut systems in construction workers.

No to both on-tool extraction and | Yes to either (n = 125) Not Applicable (n = 37) *
wet-cut methods (n = 46, REF)

N/% N/% OR (95%CD " |N/% OR (95%CI) *
Wheezing/whistling in chest in past 12 months. 9 (19.6) 33(26.4) |1.5(0.6-3.7) 13(35.1) |2.8(1.0-7.9)
Woken by shortness of breath in past 12 months 3(6.5) 5 (4.0) 0.6 (0.1-2.8) 2 (5.4) 0.8 (0.1-5.5)
Attack of asthma in the past 12 months 0(0.0) 4(3.2) - 4(10.8) -
Asthma diagnosis 9(19.6) 31(24.8) | 1.4(05-33) | 9(243) | 1.5(0.5-4.7)
On medication for Asthma 2 (4.4) 11 (8.8) 2.4 (0.5-11.9) |4 (10.8) 2.9 (0.5-17.6)
ECRHS asthma definition 3(6.5) 14(11.3) | 1.9(0.5-73) |5(13.5) |2.4(0.5-11.4)
Cough daily for at least part of the year 8(17.8) 26 (21.1) | 0.9 (0.3-2.4) 10. (27.0) | 2.3(0.7-7.8)
Dry cough at least once a week (vs. at most twice a month) 10 (22.2) 16 (12.8) | 0.4 (0.2-1.0) 9 (24.3) 1.1 (0.4-3.4)
Cough almost daily for >3 months/yr for >2 years 8(17.4) 19 (15.2) | 0.5(0.2-1.5) 9 (24.3) 2.1(0.6-7.3)
Cough with phlegm almost daily for at least part of the year 10 (21.7) 22(17.6) | 0.6 (0.2-1.4) 6 (16.2) 0.8 (0.2-2.6)
Cough with phlegm at least once a week (vs. at most twice a month) 11 (23.9) 23 (18.4) | 0.4 (0.2-1.1) 7 (18.9) 0.6 (0.2-2.1)
Cough with phlegm almost daily for >3 months/yr for >2 years 8(17.4) 14 (11.2) |0.4(0.1-1.1) 5(13.5) 0.8 (0.2-3.0)

‘ECRHS’ = European Community Respiratory Health Survey.

" Adjusted for age, ethnicity and smoking status.

¥ = Participant responded to both use on-tool extraction and wet-cut methods questions with ‘not applicable’ (e.g. job role does not require use of tools which generate

dust).

“-”No ORs available due non-convergence in model.

https://doi.org/10.1371/journal.pone.0266668.1004

regression model did not affect the size of the effect estimates, but it did widen the confidence
intervals somewhat. This indicates that there was some multicolinearity (see S4 Table for
model excluding age); as a result, we cannot exclude the possibility that the association with
employment duration is not, at least partially, driven by age. We found no clear work dura-
tion-response association. This may, at least in part, be due to the “healthy worker” effect—in
which those susceptible to the effects of dust may leave high exposure roles or trades, leaving
behind a group of less susceptible workers more able to tolerate such conditions [31]. Evidence
of the healthy worker effect has also been reported in previous studies of workers exposed to
dust, including several New Zealand-based studies [11,12].

Of the construction trades, groundworkers/plant operators had the highest prevalence of
symptoms, followed by painters, scaffolders and plumbers (Table 3). Many of these workers
(e.g. painters [32]) are known to be at risk of exposure to solvents, dust and other respiratory
hazards (and associated respiratory effects) and others (e.g. groundworkers/plant operators,
steel fabricators, electricians) are likely to regularly work, without wearing adequate RPE, in
close proximity to dusty work and others who are using tools that generate dust (secondary
exposures) [33-35]. However, analyses were based on small, in some cases very small numbers
per strata, and findings should therefore be interpreted with caution. Sensitivity analyses
excluding construction trades with fewer than 20 workers (managers/H&S staff, painters, elec-
tricians, groundworkers/plant operators, steel fabricators and waterproofers) resulted in
weaker associations (S1 Table), but trends were comparable (Table 2). This suggests the higher
prevalence of symptoms observed in construction workers as a whole is not solely attributable
to these smaller groups, although we cannot rule out that unmeasured confounding may con-
tribute to the differences between the two groups.

Several studies have shown that use of on-tool extraction and other local exhaust ventilation
measures [34,35] and wet cut methods [4] are effective at reducing dust exposures, but to our
knowledge our study is one of only a few to have directly assessed associations between use of
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dust exposure control measures and respiratory symptoms. In one Tanzanian study of 210
cement workers, a lower prevalence of respiratory symptoms (e.g. ‘chronic cough’ and ‘chronic
sputum production’) and improved lung function was observed after the introduction of dust-
control measures, which included installation of local area ventilation systems [18]. In our
study any use of dust controls was associated with fewer symptoms related to dust exposure in
construction workers (suggestive of bronchitis, e.g. cough with phlegm almost daily for >3
months/yr for >2 years, OR 0.4, 95% CI 0.1-1.1, Table 4) [6,11,12]. Associations were however
weak, which may reflect the relatively small sample size and the limited data available on the
control measures used, in addition to the subjective nature of the questionnaire data. Use of
on-tool extraction and wet cut methods were combined into a single metric (as many reported
using both), but similar trends were observed when analysed separately (52 Table). Alterna-
tively, dust control measures, as implemented in this industry, may not be fully effective, thus
not contributing to measurable differences in symptom prevalence between those who use
these measures and those who do not. Therefore, these results should be interpreted with cau-
tion. Nonetheless, given the importance of reducing exposures in this industry, we consider
that further research to assess whether on-tool vacuum extraction and wet-cut methods may
be protective against respiratory symptoms in these settings is warranted.

No clear trends were observed between frequency of RPE use and respiratory symptom
rates (S3 Table). Previous studies in workers exposed to dust have shown that RPE may pro-
vide only limited protection against respiratory symptoms, often as a result of inconsistent use,
improper fit and/or inappropriate selection of respirator type [36,37]. However, even when
optimal, RPE programmes may only be partially effective (at least in the case of allergic
asthma): Ilgaz, Moore [38] showed that workers with sensitiser-induced occupational asthma
exposed to metal working fluid aerosols continued to experience falls (albeit of reduced magni-
tude) in peak expiratory flow after a strictly enforced RPE programme involving high quality
air-fed respirators. The authors concluded that RPE cannot reliably replace controls at the
source (e.g. LEV).

There were several limitations to this study. Respiratory health was assessed using self-
reported symptoms, and therefore some misclassification may have occurred. However, the
ECRHS has been used extensively to assess respiratory symptoms associated with occupational
exposure, is well validated against clinical criteria [39-44], and standardised symptom assess-
ment represents an important means of identifying populations “at risk” of effects associated
with workplace exposures. The respiratory symptoms observed, particularly chronic cough/
phlegm may also be caused by other disease processes, e.g. infection or Gastroesophageal
Reflux Disease (GERD) [45]. However, we used the BMRC definition for chronic bronchitis
(cough with phlegm almost daily for >3 months/year for >2 consecutive years), which is
designed to minimise misclassification from these acute/more transient causes. Nonetheless,
further studies including objective tests of lung function (spirometry) and inflammation
(exhaled nitric oxide) and monitoring of workplace dust exposures would be useful to further
clarify the nature and extent of any respiratory effects associated with exposures in this indus-
try. The response rate in construction and reference workers was 64% and 34%, respectively.
For the construction workers this is relatively high (for these types of surveys) and suggests
that non-response bias, if present, would be small. The lower rate for the reference group may
have resulted in some bias (i.e. those with respiratory symptoms may have been more likely to
take part), but, if present, this would result in an underestimation (rather than over estimation)
of the true effect. A number of the construction sub-trades were represented by only a very
small number of workers, which limits our ability to draw valid conclusions from these data
(re. trades most at risk of symptoms). However, we did observe a significantly higher preva-
lence of cough/phlegm symptoms in some subgroups, which may warrant further
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investigation in future studies involving larger sample sizes. Use of dust control measures and
PPE was also self-reported, which may result in bias; for example, over-reporting of dust con-
trol equipment use through concern of admitting non-compliance with health and safety
guidelines/regulations. However, if present, any bias would most likely lead to an underestima-
tion of the true effect.

There were differences in age, ethnicity and smoking habits between construction workers
and reference workers, but these were controlled for in the analyses. Duration of employment
in the industry is generally not considered the most reliable proxy for cumulative exposure,
but no historical data of dust exposure levels was available and exposure misclassification
would likely lead to an underestimation of risk. We were also unable to assess current dust
exposure levels, so it is unclear whether contemporary exposures contributed to the effects
observed.

The questionnaire also focused primarily on the use of collective and personal measures to
control dust exposures, but construction workers are also at risk of exposure to a variety of
vapours, gases, and fumes, many of which may also cause respiratory symptoms (and may
have contributed to the associations observed) [26-28]. It is likely that collective and personal
exposure controls effective against dust would also be at least somewhat effective against other
airborne contaminants [16], but we were unable to collect data on all potential exposures and
specific control measures in this study. Finally, there could be unknown and unmeasured con-
founders that, at least in part, may explain some differences in symptom prevalence between
the construction and reference groups.

Taken together, our findings suggest that despite the well-recognised risks of dust exposures
and control options, elevated exposures and inadequate control measures may still be an issue
in this industry (the effects observed in this study are unlikely to be solely attributed to histori-
cal exposures). Further studies are required to objectively assess contemporary dust exposure
levels, their determinants, and the effectiveness of specific control measures. This will allow
development of improved strategies to reduce dust exposure and resulting occupational dis-
ease in this industry.

In conclusion, construction workers exposed to dust continue to report bronchitis-related
symptoms. Increased use of collective dust exposure controls may protect against these
symptoms.

Supporting information

S1 Table. Prevalence odds ratios of respiratory symptoms in all construction workers/by
employment duration tertiles compared to reference workers-Excluding trades repre-
sented by fewer than 20 workers (n = 48).

(DOCX)

S2 Table. Prevalence odds ratios for respiratory symptoms and use of dust suppression
measures in construction workers (on-tool vacuum extraction and wet-cut systems).
(DOCX)

S3 Table. Prevalence odds ratios for respiratory symptoms and frequency of RPE use in
construction workers (n = 182).
(DOCX)

S4 Table. Prevalence odds ratios of respiratory symptoms in construction workers strati-
fied by employment duration tertiles compared to reference workers-Unadjusted for age.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0266668  April 7, 2022 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0266668.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0266668.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0266668.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0266668.s004
https://doi.org/10.1371/journal.pone.0266668

PLOS ONE

Respiratory symptoms in construction workers

S1 File.
(XLSX)

Acknowledgments

We thank the study participants and their employers for their generous support, and Angela
Thurston, Tracey Whaanga, Hannah Buchanan and Emma Nuttall for their help with con-
ducting interviews.

Author Contributions

Conceptualization: Samuel Keer, Bill Glass, Dave McLean, Jeroen Douwes.
Data curation: Samuel Keer, Elizabeth Harding.

Formal analysis: Samuel Keer.

Funding acquisition: Dave McLean, Jeroen Douwes.

Investigation: Samuel Keer.

Methodology: Samuel Keer, Collin Brooks, Jeroen Douwes.

Project administration: Samuel Keer, Elizabeth Harding, Jeroen Douwes.
Resources: Samuel Keer, Dave McLean, Jeroen Douwes.

Supervision: Bill Glass, Dave McLean, Jeroen Douwes.

Validation: Collin Brooks.

Writing - original draft: Samuel Keer.

Writing - review & editing: Samuel Keer, Collin Brooks, Bill Glass, Dave McLean, Jeroen
Douwes.

References

1. Flynn MR, Susi P. Local exhaust ventilation for the control of welding fumes in the construction industry
—A literature review. Ann Occup Hyg. 2012; 56(7):764—76. https://doi.org/10.1093/annhyg/mes018
PMID: 22459321

2. Flynn MR, Susi P. Engineering controls for selected silica and dust exposures in the construction indus-
try—a review. Appl Occup Environ Hyg. 2003; 18(4):268—77. https://doi.org/10.1080/10473220301406
PMID: 12637237

3. Kirkeskov L, Hanskov DJA, Brauer C. Total and respirable dust exposures among carpenters and
demolition workers during indoor work in Denmark. J Occup Med Toxicol. 2016; 11(1):45. https://doi.
org/10.1186/s12995-016-0134-5 PMID: 27660643

4. Akbar-Khanzadeh F, Milz SA, Wagner CD, Bisesi MS, Ames AL, Khuder S, et al. Effectiveness of dust
control methods for crystalline silica and respirable suspended particulate matter exposure during man-
ual concrete surface grinding. J Occup Environ Hyg. 2010; 7(12):700-11. https://doi.org/10.1080/
15459624.2010.527552 PMID: 21058155

5. MeekerJD, Susi P, Flynn MR. Manganese and welding fume exposure and control in construction. J
Occup Environ Hyg. 2007; 4(12):943-51. https://doi.org/10.1080/15459620701718867 PMID:
17963139

6. Mirabelli MC, London SJ, Charles LE, Pompeii LA, Wagenknecht LE. Occupation and the prevalence of
respiratory health symptoms and conditions: the Atherosclerosis Risk in Communities Study. J Occup
Environ Med. 2012; 54(2):157. https://doi.org/10.1097/JOM.0b013e31823e3a52 PMID: 22157701

7. Hanskov D, Brauer C, Breinegaard N, Kirkeskov L. Respiratory symptoms and lung function among
Danish construction workers. A cross-sectional study. Int J Respir Puim Med. 2015; 2(4):1-6.

8. Liss GM, Petsonk EL, Linch KD. The Construction Industry. In: Tarlo SM, Cullinan P, Nemery B, editors.
Occupational and environmental lung diseases. Chichester, UK: Wiley-Blackwell; 2010. p. 273-89.

PLOS ONE | https://doi.org/10.1371/journal.pone.0266668  April 7, 2022 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0266668.s005
https://doi.org/10.1093/annhyg/mes018
http://www.ncbi.nlm.nih.gov/pubmed/22459321
https://doi.org/10.1080/10473220301406
http://www.ncbi.nlm.nih.gov/pubmed/12637237
https://doi.org/10.1186/s12995-016-0134-5
https://doi.org/10.1186/s12995-016-0134-5
http://www.ncbi.nlm.nih.gov/pubmed/27660643
https://doi.org/10.1080/15459624.2010.527552
https://doi.org/10.1080/15459624.2010.527552
http://www.ncbi.nlm.nih.gov/pubmed/21058155
https://doi.org/10.1080/15459620701718867
http://www.ncbi.nlm.nih.gov/pubmed/17963139
https://doi.org/10.1097/JOM.0b013e31823e3a52
http://www.ncbi.nlm.nih.gov/pubmed/22157701
https://doi.org/10.1371/journal.pone.0266668

PLOS ONE

Respiratory symptoms in construction workers

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Purani R, Shah N. Prevalence of Respiratory Symptoms in Construction Workers in Gujarat: A Cross-
sectional Survey. Int J Med Pub Health. 2019; 9(2).

Ranganathan BA. Skin and Respiratory problems in Construction workers. Int Res J Eng Tech. 2016; 3
(5):1095-8.

Fishwick D, Bradshaw LM, D’'SOUZA W, Town I, Armstrong R, Pearce N, et al. Chronic bronchitis,
shortness of breath, and airway obstruction by occupation in New Zealand. Am J Respir Crit Care Med.
1997; 156(5):1440-6. https://doi.org/10.1164/ajrccm.156.5.97-03007 PMID: 9372658

Fishwick D, Pearce N, D’souza W, Lewis S, Town |, Armstrong R, et al. Occupational asthma in New
Zealanders: a population based study. Occup Environ Med. 1997; 54(5):301-6. https://doi.org/10.1136/
oem.54.5.301 PMID: 9196450

Eng A, ‘T Mannetje A, Douwes J, Cheng S, McLean D, Ellison-Loschmann L, et al. The New Zealand
workforce survey lI: occupational risk factors for asthma. Ann Occup Hyg. 2010; 54(2):154—64. https://
doi.org/10.1093/annhyg/mep098 PMID: 20080813

Kauppinen T, Uuksulainen S, Saalo A, Makinen . Trends of Occupational Exposure to Chemical Agents
in Finland in 1950-2020. Ann Occup Hyg. 2013; 57(5):593-609. https://doi.org/10.1093/annhyg/
mes090 PMID: 23230130

Ashley K. NIOSH Manual of Analytical Methods 5th Edition and Harmonization of Occupational Expo-
sure Monitoring. Gefahrst Reinhalt Luft. 2015; 2015(1-2):7-16. PMID: 26309348

Heederik D, Henneberger PK, Redlich CA. Primary prevention: exposure reduction, skin exposure and
respiratory protection. Eur Respir Rev. 2012; 21(124):112. https://doi.org/10.1183/09059180.00005111
PMID: 22654083

Vandenplas O, Lantin A-C, D’Alpaos V, Larbanois A, Hoet P, Vandeweerdt M, et al. Time trends in
occupational asthma in Belgium. Respir Med. 2011; 105(9):1364—72. https://doi.org/10.1016/j.rmed.
2011.05.002 PMID: 21624825

Tungu AM, Bratveit M, Mamuya SH, Moen BE. The impact of reduced dust exposure on respiratory
health among cement workers: an ecological study. J Occup Environ Med. 2014; 56(1):101-10. https://
doi.org/10.1097/JOM.0000000000000057 PMID: 24351896

Douwes J, Slater T, Shanthakumar M, McLean D, Firestone RT, Judd L, et al. Determinants of hand
dermatitis, urticaria and loss of skin barrier function in professional cleaners in New Zealand. Int J
Occup Environ Health. 2017; 23(2):110-9. https://doi.org/10.1080/10773525.2018.1427307 PMID:
29359638

Keer S, Glass B, McLean D, Harding E, Babbage D, Leathem J, et al. Neuropsychological performance
in solvent-exposed vehicle collision repair workers in New Zealand. PLoS One. 2017; 12(12):
e€0189108. https://doi.org/10.1371/journal.pone.0189108 PMID: 29236771

Kachuri L, Villeneuve PJ, Parent ME, Johnson KC, Group CCRE, Harris SA. Occupational exposure to
crystalline silica and the risk of lung cancer in Canadian men. Int J Cancer. 2014; 135(1):138—48.
https://doi.org/10.1002/ijc.28629 PMID: 24272527

Burney PG, Luczynska C, Chinn S, Jarvis D. The European Community Respiratory Health Survey. Eur
Respir J. 1994; 7(5):954—60. https://doi.org/10.1183/09031936.94.07050954 PMID: 8050554

Definition and classification of chronic bronchitis for clinical and epidemiological purposes. Lancet.
1965; 285(7389):775-9. PMID: 4165081

Keer S, Glass B, Prezant B, McLean D, Pearce N, Harding E, et al. Solvent neurotoxicity in vehicle colli-
sion repair workers in New Zealand. Neurotoxicology. 2016; 57:223-9. https://doi.org/10.1016/j.neuro.
2016.10.005 PMID: 27737812

Vermeulen R, Heederik D, Kromhout H, Smit HA. Respiratory symptoms and occupation: a cross-sec-
tional study of the general population. Environ Health. 2002; 1(1):5. https://doi.org/10.1186/1476-069x-
1-5 PMID: 12537592

Mehta AJ, Miedinger D, Keidel D, Bettschart R, Bircher A, Bridevaux P-O, et al. Occupational exposure
to dusts, gases, and fumes and incidence of chronic obstructive pulmonary disease in the Swiss Cohort
Study on Air Pollution and Lung and Heart Diseases in Adults. Am J Respir Crit Care Med. 2012; 185
(12):1292-300. https://doi.org/10.1164/rccm.201110-19170C PMID: 22492989

Rodriguez E, Ferrer J, Zock J-P, Serra |, Anté JM, De Batlle J, et al. Lifetime occupational exposure to
dusts, gases and fumes is associated with bronchitis symptoms and higher diffusion capacity in COPD
patients. PLoS One. 2014; 9(2). https://doi.org/10.1371/journal.pone.0088426 PMID: 24516659

Torén K, Jarvholm B. Effect of occupational exposure to vapors, gases, dusts, and fumes on COPD
mortality risk among Swedish construction workers: a longitudinal cohort study. Chest. 2014; 145
(5):992—7. https://doi.org/10.1378/chest.13-1429 PMID: 24264472

PLOS ONE | https://doi.org/10.1371/journal.pone.0266668  April 7, 2022 11/12


https://doi.org/10.1164/ajrccm.156.5.97-03007
http://www.ncbi.nlm.nih.gov/pubmed/9372658
https://doi.org/10.1136/oem.54.5.301
https://doi.org/10.1136/oem.54.5.301
http://www.ncbi.nlm.nih.gov/pubmed/9196450
https://doi.org/10.1093/annhyg/mep098
https://doi.org/10.1093/annhyg/mep098
http://www.ncbi.nlm.nih.gov/pubmed/20080813
https://doi.org/10.1093/annhyg/mes090
https://doi.org/10.1093/annhyg/mes090
http://www.ncbi.nlm.nih.gov/pubmed/23230130
http://www.ncbi.nlm.nih.gov/pubmed/26309348
https://doi.org/10.1183/09059180.00005111
http://www.ncbi.nlm.nih.gov/pubmed/22654083
https://doi.org/10.1016/j.rmed.2011.05.002
https://doi.org/10.1016/j.rmed.2011.05.002
http://www.ncbi.nlm.nih.gov/pubmed/21624825
https://doi.org/10.1097/JOM.0000000000000057
https://doi.org/10.1097/JOM.0000000000000057
http://www.ncbi.nlm.nih.gov/pubmed/24351896
https://doi.org/10.1080/10773525.2018.1427307
http://www.ncbi.nlm.nih.gov/pubmed/29359638
https://doi.org/10.1371/journal.pone.0189108
http://www.ncbi.nlm.nih.gov/pubmed/29236771
https://doi.org/10.1002/ijc.28629
http://www.ncbi.nlm.nih.gov/pubmed/24272527
https://doi.org/10.1183/09031936.94.07050954
http://www.ncbi.nlm.nih.gov/pubmed/8050554
http://www.ncbi.nlm.nih.gov/pubmed/4165081
https://doi.org/10.1016/j.neuro.2016.10.005
https://doi.org/10.1016/j.neuro.2016.10.005
http://www.ncbi.nlm.nih.gov/pubmed/27737812
https://doi.org/10.1186/1476-069x-1-5
https://doi.org/10.1186/1476-069x-1-5
http://www.ncbi.nlm.nih.gov/pubmed/12537592
https://doi.org/10.1164/rccm.201110-1917OC
http://www.ncbi.nlm.nih.gov/pubmed/22492989
https://doi.org/10.1371/journal.pone.0088426
http://www.ncbi.nlm.nih.gov/pubmed/24516659
https://doi.org/10.1378/chest.13-1429
http://www.ncbi.nlm.nih.gov/pubmed/24264472
https://doi.org/10.1371/journal.pone.0266668

PLOS ONE

Respiratory symptoms in construction workers

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Maestrelli P, Henneberger PK, Tarlo S, Mason P, Boschetto P. Causes and phenotypes of work-related
asthma. Int J Environ Res Public Health. 2020; 17(13):4713. https://doi.org/10.3390/ijerph17134713
PMID: 32627764

Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle G, et al. After asthma: redefining air-
ways diseases. Lancet. 2018; 391(10118):350—400. https://doi.org/10.1016/S0140-6736(17)30879-6
PMID: 28911920

Rothenbacher D, Arndt V, Fraisse E, Daniel U, Fliedner TM, Brenner H. Chronic respiratory disease
morbidity in construction workers: patterns and prognostic significance for permanent disability and
overall mortality. Eur Respir J. 1997; 10(5):1093-9. https://doi.org/10.1183/09031936.97.10051093
PMID: 9163652

Kaukiainen A, Riala R, Martikainen R, Akila R, Reijula K, Sainio M. Solvent-related health effects
among construction painters with decreasing exposure. Am J Ind Med. 2004; 46(6):627—-36. https://doi.
org/10.1002/ajim.20107 PMID: 15551367

Verma DK, Kurtz LA, Sahai D, Finkelstein MM. Current chemical exposures among Ontario construc-
tion workers. Appl Occup Environ Hyg. 2003; 18(12):1031—47. https://doi.org/10.1080/714044193
PMID: 14612300

Flanagan ME, Seixas N, Becker P, Takacs B, Camp J. Silica exposure on construction sites: results of
an exposure monitoring data compilation project. J Occup Environ Hyg. 2006; 3(3):144-52. https://doi.
org/10.1080/15459620500526552 PMID: 16464818

Flanagan ME, Seixas N, Majar M, Camp J, Morgan M. Silica dust exposures during selected construc-
tion activities. Am Ind Hyg Assoc J. 2003; 64(3):319-28. https://doi.org/10.1080/15428110308984823
PMID: 12809537

Hamzah NA, Tamrin SBM, Ismail NH. Metal dust exposure and respiratory symptoms among steel
workers: A dose-response relationship. Int J Colab Res Internal Med Pub Health. 2015; 7(3):24-39.

Mwaiselage J, Bratveit M, Moen BE, Mashalla Y. Respiratory symptoms and chronic obstructive pulmo-
nary disease among cement factory workers. Scand J Work Environ Health. 2005:316—-23. https://doi.
org/10.5271/sjweh.888 PMID: 16161715

llgaz A, Moore VC, Robertson AS, Walters Gl, Burge PS. Occupational asthma; the limited role of air-
fed respiratory protective equipment. Occup Med. 2019; 69(5):329-35.

Burney P, Luczynska C, Chinn S, Jarvis D. The European community respiratory health survey. Eur
Respir J. 1994; 7(5):954—60. https://doi.org/10.1183/09031936.94.07050954 PMID: 8050554

Janson C, Anto J, Burney Po, Chinn S, De Marco R, Heinrich J, et al. The European Community Respi-
ratory Health Survey: what are the main results so far? Eur Respir J. 2001; 18(3):598-611. https://doi.
org/10.1183/09031936.01.00205801 PMID: 11589359

Lytras T, Kogevinas M, Kromhout H, Carsin A-E, Anté JM, Bentouhami H, et al. Occupational expo-
sures and incidence of chronic bronchitis and related symptoms over two decades: the European Com-
munity Respiratory Health Survey. Occup Environ Med. 2019; 76(4):222-9. https://doi.org/10.1136/
oemed-2018-105274 PMID: 30700596

Hagstad S, Backman H, Bjerg A, Ekerljung L, Ye X, Hedman L, et al. Prevalence and risk factors of
COPD among never-smokers in two areas of Sweden—occupational exposure to gas, dust or fumes is
an important risk factor. Respir Med. 2015; 109(11):1439-45. https://doi.org/10.1016/j.rmed.2015.09.
012 PMID: 26440676

Viegas S, Mateus V, Aimeida-Silva M, Carolino E, Viegas C. Occupational exposure to particulate mat-
ter and respiratory symptoms in Portuguese swine barn workers. J Toxicol Environ Health, A. 2013; 76
(17):1007—14. https://doi.org/10.1080/15287394.2013.831720 PMID: 24168036

Matheson MC, Benke G, Raven J, Sim MR, Kromhout H, Vermeulen R, et al. Biological dust exposure
in the workplace is a risk factor for chronic obstructive pulmonary disease. Thorax. 2005; 60(8):645-51.
https://doi.org/10.1136/thx.2004.035170 PMID: 16061705

Chung KF, Pavord ID. Prevalence, pathogenesis, and causes of chronic cough. Lancet. 2008; 371
(9621):1364—74. https:/doi.org/10.1016/S0140-6736(08)60595-4 PMID: 18424325

PLOS ONE | https://doi.org/10.1371/journal.pone.0266668  April 7, 2022 12/12


https://doi.org/10.3390/ijerph17134713
http://www.ncbi.nlm.nih.gov/pubmed/32627764
https://doi.org/10.1016/S0140-6736%2817%2930879-6
http://www.ncbi.nlm.nih.gov/pubmed/28911920
https://doi.org/10.1183/09031936.97.10051093
http://www.ncbi.nlm.nih.gov/pubmed/9163652
https://doi.org/10.1002/ajim.20107
https://doi.org/10.1002/ajim.20107
http://www.ncbi.nlm.nih.gov/pubmed/15551367
https://doi.org/10.1080/714044193
http://www.ncbi.nlm.nih.gov/pubmed/14612300
https://doi.org/10.1080/15459620500526552
https://doi.org/10.1080/15459620500526552
http://www.ncbi.nlm.nih.gov/pubmed/16464818
https://doi.org/10.1080/15428110308984823
http://www.ncbi.nlm.nih.gov/pubmed/12809537
https://doi.org/10.5271/sjweh.888
https://doi.org/10.5271/sjweh.888
http://www.ncbi.nlm.nih.gov/pubmed/16161715
https://doi.org/10.1183/09031936.94.07050954
http://www.ncbi.nlm.nih.gov/pubmed/8050554
https://doi.org/10.1183/09031936.01.00205801
https://doi.org/10.1183/09031936.01.00205801
http://www.ncbi.nlm.nih.gov/pubmed/11589359
https://doi.org/10.1136/oemed-2018-105274
https://doi.org/10.1136/oemed-2018-105274
http://www.ncbi.nlm.nih.gov/pubmed/30700596
https://doi.org/10.1016/j.rmed.2015.09.012
https://doi.org/10.1016/j.rmed.2015.09.012
http://www.ncbi.nlm.nih.gov/pubmed/26440676
https://doi.org/10.1080/15287394.2013.831720
http://www.ncbi.nlm.nih.gov/pubmed/24168036
https://doi.org/10.1136/thx.2004.035170
http://www.ncbi.nlm.nih.gov/pubmed/16061705
https://doi.org/10.1016/S0140-6736%2808%2960595-4
http://www.ncbi.nlm.nih.gov/pubmed/18424325
https://doi.org/10.1371/journal.pone.0266668

