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Abstract
Chronic obstructive pulmonary disease (COPD) is caused by exposure to noxious par-
ticles and gases. Smoking is the main risk factor, but other factors are also associated
with COPD. Occupational exposure to vapours, gases, dusts and fumes contributes to
the development and progression of COPD, accounting for a population attributable
fraction of 14%. Workplace pollutants, in particular inorganic dust, can initiate airway
damage and inflammation, which are the hallmarks of COPD pathogenesis. Occupa-
tional COPD is still underdiagnosed, mainly due to the challenges of assessing the
occupational component of the disease in clinical settings, especially if other risk fac-
tors are present. There is a need for specific education and training for clinicians, and
research with a focus on evaluating the role of occupational exposure in causing
COPD. Early diagnosis and identification of occupational causes is very important to
prevent further decline in lung function and to reduce the health and socio-economic
burden of COPD. Establishing details of the occupational history by general practi-
tioners or respiratory physicians could help to define the occupational burden of
COPD for individual patients, providing the first useful interventions (smoking cessa-
tion, best therapeutic management, etc.). Once patients are diagnosed with occupa-
tional COPD, there is a wide international variation in access to specialist
occupational medicine and public health services, along with limitations in workplace
and income support. Therefore, a strong collaboration between primary care physi-
cians, respiratory physicians and occupational medicine specialists is desirable to help
manage COPD patients’ health and social issues.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a com-
mon disease defined by chronic respiratory symptoms and
airflow limitation.1 Respiratory symptoms usually describe
the major clinical COPD phenotypes: emphysema, charac-
terized mainly by exertional dyspnoea, and chronic bronchi-
tis, where chronic cough with phlegm is the predominant
symptom. The two clinical phenotypes can be present
simultaneously in the same COPD patient, manifesting in a
mixed phenotype. In COPD, airway obstruction is typically
non-reversible or not fully reversible.1

According to the 2017 Global Burden of Disease (GBD)
study, COPD is the third leading cause of death worldwide,
accounting for at least 3 million deaths every year.2

The global prevalence of COPD is high, at almost 4% of
the population.2 Prevalence increases up to 10% among peo-
ple over 40 years of age.3 The prevalence of COPD is under-
estimated and varies across countries, reflecting the specific
age distribution of the population, healthcare resourcing,
variable exposure to risk factors and the prevalence of
predisposing genetic conditions.

COPD also causes significant socio-economic burden,
accounting for more than 3% of all healthcare expenditure.4
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In the United States, the direct cost of COPD is more than
30 million dollars yearly, while indirect costs are 20 million
dollars per year.5 COPD is also one of the most important
causes of disability with a very high rate of years of life lost
and years lived with disability.6

The Global Initiative for Obstructive Lung Disease
(GOLD) defines COPD as a preventable disease caused by
significant exposure to particles and noxious gases and
influenced by host factors, highlighting the importance of
exposure to exogenous risk factors and the presence of
predisposing factors, such as genetic background, lung
growth/development and pre-existing asthma.1

The most important risk factor is tobacco smoking. After
the first reports indicating tobacco smoking as a risk factor for
COPD, more than 12,000 papers have been published on this
subject. In the United States during the 1980s, tobacco smoke
was the leading cause of 80%–90% cases of COPD.7 In
population-based studies, the population attributable fraction
(PAF) of COPD due to smoking could reach 97.6%, ranging
between 39.6% and 76.2% in longitudinal studies.8

Other important risk factors for COPD are occupational
and environmental exposures, respiratory infections, lower
socio-economic status, dietary habits1 and early life events
which influence lung function trajectories.9

HISTORICAL CONTEXT

The current definition of COPD is rather recent (20th cen-
tury), but its clinical counterparts, chronic bronchitis and
emphysema, were widely known long before the pathogene-
sis was understood.

During the 19th century, some authors reported a high
prevalence of chronic bronchitis and similar diseases in subjects
working in ‘dusty trades’, especially those involved in Series
organic dust.10,11 Analogous, but more in-depth, reports were
made in the mid-20th century, involving miners and other
dust-exposed trades.12,13 In the same period, tobacco smoking
was clearly identified as the leading risk factor for chronic
bronchitis, emphysema and non-reversible airway obstruction,
catalysing the interest of researchers and clinicians.

It was not until the 1970s and 1980s that there were new
reports on the association between occupational exposures
and airflow limitation or chronic bronchitis, coming mainly
from cohort studies among miners and workers exposed to
cotton dust.14 Moreover, in this period, the first papers
appeared on the association between cadmium exposure
and emphysema.15 In the late 1980s, the first significant
reviews on the association between chronic airflow limita-
tion and occupational exposures were published.16,17 Those
papers awakened a new interest in this field leading to
cohort studies, case–control studies and population-based
studies to elucidate the association between occupation and
COPD. This body of evidence stimulated the publication of
a comprehensive statement by the American Thoracic Soci-
ety (ATS) and the European Respiratory Society (ERS) in
2003.18 This statement was recently updated in 2019,

confirming the occupational burden of COPD due to gas,
dust, vapours and fumes exposure.19

OCCUPATIONAL COPD UNDERDIAGNOSIS

COPD is already an underdiagnosed disease. Recent studies
suggest that nearly 70% of persistent airflow obstruction cases
are not diagnosed because of spirometry underuse20 and a lack
of awareness in some specific groups (young people, current
or never smokers and those with mild symptoms).21 Despite
the amount of data supporting the role of occupational expo-
sure on the occurrence of COPD, the diagnosis of occupa-
tional COPD is more rare than would be expected.

In Italy, reporting of occupational diseases to the Italian
National Institute for Insurance Against Accidents at Work
(INAIL) is compulsory for every physician; however, only
575 cases of occupational COPD were reported to INAIL in
2019.22 Based on incidence data,23 numbers at least 10 times
higher are expected. Similar concerns are present in other
countries.24

The reasons for underdiagnosis of occupational COPD are
manifold. In some countries, work-related COPD in smokers
does not result in workers’ compensation, leaving the defini-
tion of ‘compensated occupational COPD’ only for cases in
which other strong risk factors such as smoking are not pre-
sent. Of the 575 cases of possible occupational COPD reported
in Italy in 2019, only 55 were compensated.22 This policy may
discourage physicians from reporting COPD for the purpose
of workers’ compensation insurance. Furthermore, interest
and medical education on work-related risk factors of COPD
is recent and inconsistent; hence, some physicians do not fully
consider the workplace a possible cause of the disease. Train-
ing in occupational medicine is often considered inadequate
by general practitioners, who admitted a lack of occupational
history taking as the main reason behind the underdiagnosis
of occupational diseases.25 Moreover, some patients who are
still employed may not report a particular workplace exposure
for fear of possible consequences to their employment, similar
to current smokers who do not want to quit smoking.21

Occupational COPD underdiagnosis may have significant
consequences, not only on workers’ compensation but also on
disease progression and especially lung function decline.26,27

For these reasons, it is crucial for healthcare profes-
sionals to ask about this specific association and consider
options to prevent and reduce the occupational burden of
COPD at all levels.

THE ROLE OF OCCUPATIONAL
EXPOSURES IN COPD
AETIOPATHOGENESIS

Epidemiology

Since the early studies on chronic bronchitis and dusty
trades, scientific evidence on the association of workplace
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exposure and COPD (defined by airflow limitation) has
accumulated in the last 40 years. Epidemiological evidence
is based on case–control and population-based studies, as
well as on traditional industrial cohort studies. Some cohort
studies are prospective, allowing a more robust analysis of
the role of workplace exposures in causing COPD (Box 1).

Cohort studies

Cohort studies are usually considered more informative than
case–control studies for exploring associations between a risk
factor and a disease, because of a better exposure definition;
on the other hand, they are less exploratory than case–control
studies because there is usually a focus on only one or few
exposures. Cohort studies have been extensively applied in
COPD aetiological research, suggesting a causative role of
occupational exposures. Inorganic dust, organic dust and other
agents were addressed as possible risk factors for COPD.

The first seminal studies17,28 were focused on inorganic
dust exposure, with industrial cohorts suggesting a role for
coal dust exposure.29

There is a large body of scientific evidence based on coal
miners’ studies, characterized by an exposure–response rela-
tionship among coal dust exposure and decreased lung func-
tion, regardless of smoking habits and age30–40 and remaining
even after a substantial reduction in the exposure.39,41 In the
United States, data from the National Institute of Occupa-
tional Safety and Health (NIOSH) coal worker health surveil-
lance programme showed a prevalence of airway obstruction
in never-smokers of 7.7%, 16.4% among those with coal
workers’ pneumoconiosis and 32.3% in those with progressive
massive fibrosis. The latter two categories were expected to be
more exposed in terms of airborne concentration and expo-
sure duration.37 Similar findings were also reported in
China.40 One study indicates that if 100 coal miners were
exposed for 35 years at 2 mg/m3 of respirable dust, eight of
them were expected to develop a clinically important loss of
forced expiratory volume in 1 s attributable to dust.28

Another important risk factor for chronic airway
obstruction is silica dust, which could cause airflow limita-
tion, even without silicosis.28,42 Cohort studies of
South African gold miners, Canadian hard rock miners,
Western Australian miners, US molybdenum miners, Ger-
man uranium miners, Welsh slate miners and Brazilian
semi-precious stone mine workers43–48 found airflow limita-
tion. Similar results came from studies in silica-exposed
workers in non-mining sectors such as granite crushers, tun-
nel workers, construction workers, brick-manufacturing
workers, slate workers, stone carvers and grinders, ceramic
workers, refractory ceramic fibres workers, moulders and
coremakers Series furan resin, the silicon carbide industry,
iron foundry and smelter workers.49–65

Other types of inorganic dust that may be risk factors
for COPD are asbestos and cement. The typical lung
function pattern of asbestosis is restrictive; however, an
obstructive lung function impairment has been found in

asbestos-exposed workers in Canada.66,67 There are some old
cohort studies on cement workers reporting a reduced lung
function in those exposed to this type of inorganic dust.68–70

Recent studies in farmers have associated lifelong expo-
sure to organic dust with the occurrence of COPD.71,72

Exposure to other types of organic dust in the textile sector73

or in paper mills74 has been associated with COPD or
accelerated lung function decline.

Other chemicals that could play a role in COPD patho-
genesis are welding fumes, cadmium and irritants. Studies
on welding fumes are not completely concordant. In ship-
yard welders and burners, a dose–exposure relationship was
found between exposure to welding fumes and airflow
limitation.75–78 A systematic review on the effect of welding
fumes on lung function found that the decline was larger in
welders than in non-welders, but it was not that large overall
and may be influenced by smoking habits.79 Cadmium is
known to cause emphysema and has also been associated
with a non-physiological lung function decline.80

Exposure to irritant gases has an acute effect on lung
function and probably also a chronic effect. Nitrous fumes,81

sulphur dioxide and chlorine82 have been associated with
lung function decline. Recently, an increased incidence of
doctor-diagnosed COPD was found in nurses, associated
with the use of irritant cleaning agents.83

Second-hand smoke (SHS) is a potential risk factor for
COPD.8 Cohort studies on the association between SHS
exposure at the workplace and COPD are lacking. Large
population-based studies found that workplace exposure to
SHS can be a risk factor for COPD, with a PAF of 9%.84

Cohort studies have identified important roles for expo-
sure to coal dust and silica dust in causing COPD. For other
risk factors, the evidence is still not completely convincing,
but it is enough to recommend reducing exposure based on
the precautionary principle.

Population-based studies

Population-based studies allow estimation of the PAF of a
disease related to a specific risk factor. This is calculated
considering the extent of risk estimates and the prevalence
of exposure in the population, measuring the proportion of
a disease caused by that specific risk factor.

Exposure indicators can be numerous, but in the last
20 years, a broad category of ‘vapours, gases, dusts and
fumes’ (VGDF) has been used extensively in population-
based studies and case–control studies to describe potential
‘at-risk’ exposure. Information on VGDF exposure was usu-
ally collected by questionnaires as self-reported or by spe-
cific job-exposure matrices extrapolated from the job history
of the participant.85 This approach tends to make the occu-
pational exposure category more homogenous and can be
useful especially when occupational exposure is not easy to
identify retrospectively, as in large case–control and
population-based studies. Details on the exposure are better
studied among occupational cohorts, where the occupational
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exposure of interest is generally clearly known from the
beginning of the study period.

As mentioned before, the ATS in collaboration with the
ERS produced the first statement in 2003 on occupational
burden of airway diseases, considering all the studies on this
topic until 2001. The statement found five papers focused
on COPD as airway limitation in population-based stud-
ies.18 In these five papers, the PAF due to occupational
exposure to gases, dusts and fumes was a median value of
19%, ranging between 9% and 56%.

Almost 20 years later, the ATS and ERS released an
update of their first statement.19 In this case, a higher num-
ber of studies (26) were considered in the time range 2001–
2017, reflecting the better disease definition and increased
interest on this topic in the last 20 years. The pooled PAF
due to workplace exposure was 14%, not particularly lower
than the previous estimate, despite the larger number of
included studies and the expected improvement in work-
place hygiene in the last 30 years.

It is important to note that papers included in the first state-
ment were only from the United States, Europe and
New Zealand, whereas the studies included in the second state-
ment were also from other countries (China, India, Philippines
and Nigeria), making this observation more globally representa-
tive. Interestingly, when only non-smokers were considered
(in six studies), the work-related PAF increased to 31%.

Since 2017, other population-based studies were publi-
shed on this topic. A follow-up of the European Community
Respiratory Health Survey found a PAF for COPD due to
occupational exposures to VGDF of 14.1%.86 Analysis of the
2016 GBD Study on COPD mortality indicated a PAF due
to particulate matter, gases and fumes and SHS of 15.6%.87

In more recent years, studies performed in the
United States and Europe found lower risk estimates: in the
analysis of US National data, the VGDF-related COPD PAF
was between 7.4% and 10.7%88; in the UK, the Biobank study
gave a VGDF-related PAF of 4.8%89; and in the Swedish gen-
eral population, PAF ranged from 3.9% and 4.7%, depending
on airway obstruction definition.90 Another Swedish study on
a different sample of the general population confirmed a PAF
of 5.9% in those exposed to dust.91 These latter results are
somewhat expected and may reflect an improvement in
workplace hygiene or a ‘move’ of risk factors from the
United States, Europe and Australia to other countries, from
where more data on this association would be expected in the
future, if strong preventive interventions are not
implemented. However, the burden remains rather high in
the United States and Europe, considering the prevalence of
COPD and thus the large number of preventable cases related
to occupational exposures. Furthermore, given the reduction
of smoking rates in some countries,92 this trend may be
surprising, but smoking and occupational exposure are
interrelated factors in COPD causation. In a North Ameri-
can study, the risk of COPD was 1.4 for occupational expo-
sure to VGDF alone, 2.8 for smoking alone and 6.2 in
those who were exposed at work and smokers.93 In another
study from Northern Europe, the risk of COPD associated

with occupational exposure to VGDF was present only in
smokers.90 In other studies, this possible synergistic effect
was not seen, suggesting an additive effect.94,95 The reason
for this interaction is still unclear, but some authors specu-
late that toxic agents in cigarette smoke could be adsorbed
on the particulate matter of VGDF.96

In conclusion, epidemiological evidence on the associa-
tion between occupational exposures and COPD is rather
strong for some defined exposures, such as inorganic dust.
Furthermore, there is emerging evidence that many other
exposures to VGDF could play a role in the aetiopathogenesis
of COPD, yielding a significant burden of this disease.

COPD and work: Is there a biological
mechanism?

COPD is a complex disease where exposure to noxious parti-
cles/gases, the respiratory innate and adaptive immune
response and interaction with genetic predisposing factors
play the most relevant roles in pathogenesis. Noxious particles
and gases, most notably tobacco smoke, can cause direct
damage to the airways by reactive oxygen species (ROS). This
damage and the direct interaction between gases and particles
with airway epithelium are responsible for the first immuno-
logical response, which is mainly innate, involving Toll-like
receptors (TLRs), especially TLR4,97 the expression of pro-
inflammatory chemokines and cytokines (e.g., TNF-α,
CXCL8) and activation of the NLP3 inflammasome.98 This
first phase is characterized by activity of macrophages
and neutrophils, involved in clearing airways of noxious
agents by the production and release of proteases, ROS and
metalloproteinases (MMP), which may cause airway and lung
damage. Macrophages also act as antigen-presenting cells for
adaptive immune activation, which is mainly characterized by
a Th1 response, with CD8+ and Tc1 as leading types of cells,
producing perforins and enhancing lung damage.

Also, Th17 lymphocytes and innate lymphoid cells type
3 (ILC3) may play a role in COPD, promoting neutrophil
activation and chemotaxis.99 These factors interact with a
genetic background, of which α1-antitrypsin deficiency
(AATD) is the best known, but also genes involved in MMP
expression (especially MMP-12) and other genes such as
those encoding for HHIP (hedgehog interactive protein),
strongly associated with lung function and COPD.99

Recently, important epigenetic mechanisms have been
implicated in the pathogenesis of COPD, in particular the
up- or downregulation of micro-RNA (miRNA).100

This general scenario can also be applied for occupa-
tional noxious gases and particles, especially inorganic dust.
After deposition along the airways, inorganic dust can inter-
act with bronchial epithelial cells and macrophages,101,102

causing cell damage, ROS production and release of cyto-
kines, chemokines and proteases.103,104 There is some evi-
dence from studies in animals that welding fumes could
produce oxidative stress and thus ROS.105,106 In humans,
controlled exposure to welding fumes containing zinc and

402 MURGIA AND GAMBELUNGHE

 14401843, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/resp.14272 by U

niversita D
i Ferrara, W

iley O
nline L

ibrary on [27/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



copper caused the production of systemic inflammatory
markers.107 Cadmium exposure, know historically to induce
emphysema, can activate MMP pathway and inflamma-
tion.108 Exposure to organic dust could induce inflammation
through the activation of ICAM-1.109 Endotoxin and beta-
glucans, usually present in organic dust, may have a role in
maintaining chronic inflammation.110

From the genetic point of view, COPD susceptibility to
VGDF could be enhanced by AATD,111 heme oxygenase
1 polymorphism112 and DNA methylation.113

In conclusion, experimental data confirm the role of
occupational exposure in the pathogenesis of COPD, espe-
cially for inorganic dust, with data emerging on welding
fumes, metals and irritants. A comprehensive model on the
current knowledge on occupation–COPD interaction is
displayed in Figure 1.

WHAT SHOULD A CLINICIAN KNOW
ABOUT OCCUPATIONAL COPD?

COPD is a preventable and avoidable disease. This is the
first concept that a clinician must include in her/his basic
knowledge. For smoking this concept is quite clear, but not
always for other emerging risk factors such as workplace
exposures, environmental pollution and lung ageing. Con-
sidering occupational exposure, data from three large
population-based studies (Burden of Obstructive Lung Dis-
ease study, the Latin American Project for the Investigation
of Obstructive Lung Disease and the European Community
Respiratory Health Survey) indicate that a 8.8% reduction of

work-related exposure to noxious gases and dust could pre-
vent a significant proportion of COPD cases, with a 20%
decrease of the disease burden.114

Knowledge of the principal agents and occupations asso-
ciated with increased risk of COPD is required in clinical
practice to highlight the aetiology of the disease. Knowing
the aetiology of COPD could help the clinician in the:

• prevention of a further decline in lung function in
patients who are still at work. Occupational exposure to
dusts and metals is an independent risk factor for lung
function decline27;

• identification of a specific and perhaps more troublesome
phenotype of COPD; recent studies suggest a role of occu-
pational exposure to VGDF on current disease severity,
even in those already retired115; and

• compensation of occupational COPD. In some countries,
COPD is compensated as an occupational disease when suffi-
cient criteria for causation are satisfied. Moreover, in worker’s
compensation systems (e.g., Italy), tables with specific expo-
sures/occupation linked to a high probability of COPD are
available to guide physicians in reporting occupational disease.

An incomplete list of jobs associated with the occurrence
of COPD in UK is provided in Table 1.

COPD

Inorganic dust
Organic dust Irritants

SHSMetals
Lung damage and ROS forma�on

Innate immune response Inflammasome ac�va�on Adap�ve immune response

F I G U R E 1 The role of occupational exposures in causing chronic
obstructive pulmonary disease

BOX 1 Occupational COPD aetiopathogenesis

• Epidemiological studies highlight the role of occupational exposure in
contributing to chronic obstructive pulmonary disease (COPD)
causation

• Population-based studies estimates an occupational burden of COPD
of 14%

• Cohort studies reported a significant role of occupational exposure to
inorganic dust and suggested a role for organic dust, metals and
irritants

• Experimental studies are supporting the biological plausibility of the
association between occupational exposure and COPD occurrence

TAB L E 1 List of occupations that may pose at risk of chronic
obstructive pulmonary disease in the UK116,117

Industry and agriculture Tertiary sector

Cement workers Armed forces

Coke oven workers Building services and sales
workers

Construction and trade workers Building services and sales
workers

Farming and agriculture workers Cleaners

Food products manufacturing Freight, stock and material
handlers

Highway and tunnel workers Gardeners, park keepers

Inorganic dust-exposed workers Healthcare workers

Iron, steel and ferrochrome workers Records processing and
distribution clerks

Mechanic and repair jobs Repair services/gas station
workers

Miners Sculptors, painters, engravers
and art restorer

Paper mill workers Warehouse stock handlers,
stackers

Pottery workers

Railroad workers

Rubber, plastics and leather
manufacturing workers

Silicon carbide smelter workers

Spray painters

Welders

Wood workers

OCCUPATIONAL COPD 403
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Unfortunately, not all medical programmes worldwide
provide sufficient background information on occupational
medicine and on work-related COPD specifically. General
practitioners consider their training in occupational medi-
cine to be inadequate.25 In fact, occupational medicine edu-
cation has a very small footprint in most undergraduate
medical curricula.118 Among postgraduate education, in the
United States, only 68.2% of family medicine residency
programmes offered specific training in occupational
medicine, usually included in the community medicine
rotation.119 In addition to official educational channels, sev-
eral government or non-government agencies offer web-
pages or quick reference guides for health professionals,
focused on occupational COPD causes and management
(e.g., https://www.hse.gov.uk/copd/causes.htm; https://www.
cdc.gov/niosh/programs/resp/risks.html; https://www.safewo
rkaustralia.gov.au/national-safe-work-month-2021-infoshee
t-COPD; and https://europeanlung.org/en/information-hub/
factsheets/work-related-lung-conditions/).

Knowledge on work-related COPD is not only limited to
those countries with current and frequent exposure to
noxious particles and gases, but also to countries where
workplace hygiene has improved in recent years, reducing
occupational exposures. Occupational COPD has a long
latency time between the exposure and diagnosis of the
disease,120 thus newly diagnosed COPD cases may be caused
by exposures which began 20 or more years ago. Further-
more, new risk factors, such as irritants in cleaning agents83

and the resurgence of old risk factors in new sectors, such as
silica exposure in denim sandblasting121 or more recently in
artificial stone processing,122 could play a role in current
and future work-related COPD cases.

Another important concept to disseminate is the possibil-
ity that work-related exposure could contribute to COPD in
ever smokers. As mentioned above, smoking and occupa-
tional exposure could interact in starting and maintaining the
airway inflammation process, on which COPD is based.96

In conclusion, gathering current or past information on
workplace exposure is very important for physicians
involved in the clinical management of COPD patients. A
lack of occupational medicine training is common, but cur-
rent evidence pushes educational programmes and single
physician to fill this gap, also with the support of a specific
continuing medical education.123

WHAT A CLINICIAN SHOULD DO?

COPD is a common but often underdiagnosed disease. Cli-
nicians in primary or specialized care should try to facilitate
the identification of all missed COPD cases, especially those
with a mild disease as the prevention of lung function
decline could have a significant effect. This mission is shared
with other stakeholders, such as government decision-
makers, national health systems, health insurers, patient
support associations and pharmaceutical companies, among
others. Unions and employers’ association may have a role

with their interest in reducing the occupational burden of
COPD and the consequences that a severe disease may have
on workers’ disability and employability. Nearly 40% of
patients with COPD must retire prematurely because of the
disease124 and having COPD can significantly increase the
likelihood of absenteeism and presenteeism (Box 2).125

After the diagnosis, clinicians should collect relevant
information on current and past occupational exposures116

via an informative occupational history. This is a critical
point in primary care25 but it is possible to gather important
information with few structured questions (see Table 2) on
current and past jobs and exposures, focusing on those risk
factors (e.g., VGDF) that may be important in COPD patho-
genesis. Additional information should be collected on per-
sonal protective equipment (PPE) (mainly masks) worn at
work and similar symptoms/disease among co-workers.126

Exposure duration is an important variable to consider;
as with other exposures (e.g., smoking), increasing the
exposure duration will increase COPD risk.90

Sometimes, it is not easy to have obtain detailed infor-
mation because:

• the exposure could have been long ago;
• the patient could have no knowledge on the chemical
substances used at the workplace;

• the patient could have cognitive problems such as
dementia;

• the patient, if still at work, could omit some factors for
the fear of losing her/his job or demotion.

In this phase, in agreement with the patient, the clinician
could ask for additional information from the occupational
health service of the company where the patient is working
or, if the patient is retired, from the local occupational
health agency responsible for workplace surveillance.

It is not the duty of primary care physicians or special-
ists in respiratory medicine to find all the criteria required
to compensate the worker, but is important to at least raise
the suspicion of an occupational contribution.126 The pro-
cess of applying for and having workers’ compensation
approved will vary considerably between countries. Next
steps are referrals to occupational medicine specialists, occu-
pational health services and worker’s compensation insur-
ance who will confirm the diagnosis and proceed with other

TAB L E 2 Six questions to gather information from occupational
history

1. Have you ever been exposed regularly to vapours, gases, dusts and
fumes at work?

2. How long have you been exposed?

3. When it was the first time?

4. In which job/jobs?

5. Are you currently exposed?

6. Did you/do you wore/wear personal protective equipment during the
exposure?

404 MURGIA AND GAMBELUNGHE

 14401843, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/resp.14272 by U

niversita D
i Ferrara, W

iley O
nline L

ibrary on [27/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.hse.gov.uk/copd/causes.htm
https://www.cdc.gov/niosh/programs/resp/risks.html
https://www.cdc.gov/niosh/programs/resp/risks.html
https://www.safeworkaustralia.gov.au/national-safe-work-month-2021-infosheet-COPD
https://www.safeworkaustralia.gov.au/national-safe-work-month-2021-infosheet-COPD
https://www.safeworkaustralia.gov.au/national-safe-work-month-2021-infosheet-COPD
https://europeanlung.org/en/information-hub/factsheets/work-related-lung-conditions/
https://europeanlung.org/en/information-hub/factsheets/work-related-lung-conditions/


measures (exposure cessation/reduction, compensation,
advice, etc.). Raising suspicion in primary care could also
help to find COPD clusters or cases related to a peculiar
occupational exposure at the local level.

Clinicians should be aware that work-related COPD can
be more complex, and ongoing exposure can cause further
lung function decline.27 Patients may need clinicians’
advice and support in making important decisions on their
working life, especially if predisposing factors are present
(e.g., AATD). For this reason, it is very important to create a
network between the clinicians and the occupational medi-
cine specialists who share care of the same patient.127 Never-
theless, since the pioneering studies of Bernardino Ramazzini
(1633–1714) in occupational medicine, specialists in this field
are also involved in clinical practice, including early diagnosis
of work-related diseases. In this context, health surveillance
programmes, targeted to high-risk groups, can contribute to
reduction of the real burden of COPD.128 For this reason,
statements and guidelines for spirometry standardization and
competence assessment are very important in primary care129

and occupational medicine.130

To sum up, clinicians have a crucial role in reducing
COPD underdiagnosis, in raising suspicions of a work-
related contribution for individual patients and in creating a
network between clinical and preventive medicine.

OCCUPATIONAL COPD PREVENTION

Occupational COPD is a preventable disease. There are
extensive data on the effect of smoking cessation on COPD
prevention,131 but little is known on the effect of other pre-
ventive measures at the workplace, mainly limited to the
effect of PPE.132 However, given the existing evidence on
the association between COPD and workplace exposure, a
preventive intervention plan is reasonable (Box 3).

Primary prevention of occupational risk factors involves
risk evaluation and then elimination, or if this is not possible,
mitigation of the noxious exposure. Risk evaluation is the first
and essential step to highlight dangerous exposures and assess
the risk at the level of groups and individual workers. Elimi-
nation is achieved by substitution of the dangerous substance
with another that has no effect on workers’ health. If this is
not possible (e.g., dust exposure in drilling, mining and tunnel
construction), reduction of the exposure to the lowest level
reachable is the goal which could be realized by

• engineering controls in the workplace, such as total or
partial enclosure with local or general exhaust ventilation
(e.g., ventilated booths or rooms), water-based dust abate-
ment, ventilation and so forth;

• job rotation, good cleaning and maintenance practices
and other administrative controls;

• workers’ information and training when the worker is
assigned to a new task and then continuing;

• correct use of PPE, especially respiratory protective
equipment.116

While PPE is the final and least protective measure
included in the prevention hierarchy, this is the field where
most literature on occupational COPD preventive measures
is concentrated.132–134 Primary prevention of occupational
COPD should be a significant focus of future research.

Secondary prevention, to intercept the disease in the
early stages, is possible through medical surveillance and
screening programmes. There are many examples of health
surveillance programmes in workers at risk and some
attempts have been made to evaluate their cost and effi-
cacy.135 Ideally, a medical surveillance programme tailored
to the prevention of occupational COPD must include a
structured and standardized questionnaire to collect infor-
mation on respiratory symptoms and their relationship with
work. For this purpose, many questionnaires are available;
one of the most used is in the European Community Respi-
ratory Health Survey,136 but there are others that can con-
sider local factors. One example is available on the webpage
of Lung Foundation Australia (https://healthylungsatwork.
lungfoundation.com.au/en/quiz).

The questionnaire should be administered at the begin-
ning of employment and periodically; the interval time will
depend on exposure level and worker’s vulnerability. Infor-
mation on the questionnaire must be registered periodically
and easily accessed to evaluate differences from previous
data. Health surveillance must include lung function testing,
using the best technical evidence available and specific
guidelines on workplace spirometry.130

The objective of lung function testing in the workplace is
not to diagnose new cases of COPD as in the primary care
setting, but to identify workers with a steeper lung function
decline, to provide preventive measures to stop or reduce
noxious exposures and protect other workers exposed to the
same risk factors. A second objective is to target other risk
factors which can contribute to the risk of COPD, such as
smoking.137 Smoking cessation interventions and counsel-
ling are already offered worldwide as part of workplace
health promotion138 and may contribute, together with
smoking bans at work, to reducing the burden of COPD. A
third objective is to report workers with accelerated decline
in lung function to their general practitioner, in order to
start a medical surveillance and offer other opportunities to
the worker/patient, such as rehabilitation programmes,
vaccination, smoking cessation programmes, genetic pre-
disposition screening and, if necessary, pharmacological
treatment.

BOX 2 What a clinician should do

• Clinicians should be aware that occupations can contribute to
chronic obstructive pulmonary disease (COPD)

• Can be difficult to retrieve information on current and past
occupational exposure, but they can help clinicians to manage better
COPD and its socio-economic consequences

• There are many online resources that a clinician could use to be
informed on this topic and to seek help for her/his patients

• Depending on local availability, clinician should consider referring
the patient to an occupational medicine specialist, occupational
health service and/or worker’s compensation institution
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Tertiary prevention is focused on management of the
disease in terms of optimizing prevention and reducing
health and social consequences. COPD is characterized by
reduced quality of life,1 medical absence from work,
impaired work ability,139,140 loss of productivity and indirect
cost coming also from short-term disability.141 For these
reasons, general practitioners, specialists (in particular respi-
ratory physicians and occupational physicians) and other
healthcare professionals must act together to mitigate COPD
consequences. This can be pursued by respiratory physician
and general practitioners through the best therapeutic strat-
egy, including pulmonary rehabilitation, influenza and
pneumonia vaccination. Pneumonia is often a trigger of
COPD exacerbations.1 Welders exposed to fumes and dusts
are at higher risk of pneumonia,142 reinforcing the concept
of a multifaceted interaction between work and lung health.
Worker’s compensation is another strategy, if available at
the national level, to reduce the socio-economic burden of
occupational COPD.

Other interventions that could help patients to cope with
their physical and mental status should be implemented at
the primary care and specialist level. In particular, an impor-
tant role could be played by the occupational physician, who
should advise the employer to adapt the patient’s occupa-
tional tasks and working time to the disease and to its conse-
quences in terms of work ability. In some countries
(e.g., Italy), this is a specific duty of occupational physicians
involved in workers’ health surveillance and it is mandatory
for employers to implement their advice.

CONCLUSIONS

COPD is a multifaceted syndrome caused by noxious particles
and gases exposure and characterized by airflow limitation,
respiratory symptoms and comorbidities. Smoking is the main
risk factor for this disease, but also other risk factors are asso-
ciated with COPD. Among them, occupational exposure to
VGDF plays an important role, defining an ‘occupational’
COPD. Evidence from epidemiological studies support this
association, especially for inorganic dust. In population-based
studies, workplace exposure to VGDF accounts for a relevant
PAF (14%). The biological plausibility of this association has
been demonstrated by several experimental studies.

However, there is still research that needs to be addressed,
regarding epidemiological studies, especially cohort studies, on
risk factors that seem to increase the risk of COPD, but still
without a large evidence base (some irritant substances, some
types of organic dust and some types of metal). Furthermore,
more epidemiological research on occupational COPD from
countries other than North America, Europe and Australia is
needed. Moreover, experimental studies exploring the link
between new mechanisms leading to COPD (miRNA, DNA
methylation and inflammasome activation) and occupational
exposures are needed.

From the clinical point of view, occupational COPD
has no specific hallmarks compared to COPD in general.
This complicates the diagnosis in clinical settings and is
responsible for occupational COPD underdiagnosis,
together with a lack of education in occupational medicine
during medical undergraduate and postgraduate training
and education. However, early diagnosis is very important
to prevent further decline in lung function due to continu-
ing the exposure and to reduce the health and socio-
economic burden of COPD. For this reason, clinicians
should be aware that workplace exposures can be a con-
tributing cause of COPD, even in smokers. Taking an
effective occupational history, or just asking a few targeted
questions on current and previous workplace exposures,
could help to define the occupational burden of COPD at
the single patient level in primary and specialist care,
where clinicians could propose the first useful interven-
tions (smoking cessation, best therapeutic management,
etc.). Afterwards, occupational and public health services
will take care of preventive actions (exposure avoidance/
reduction, worker’s training and heath surveillance,
worker’s compensation, etc.). A tight collaboration
between primary care physicians, respiratory physicians
and occupational medicine specialists is desirable and may
help to manage COPD patients’ health and social issues.
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25. Gök AS, Yilmaz TE, Kasim _I, Şencan _I, Özkara A. Occupational health
and disease knowledge and practices of family physicians. J Occup
Environ Med. 2020 Nov;62(11):e625–9.

26. Harber P, Tashkin DP, Simmons M, Crawford L, Hnizdo E,
Connett J, et al. Effect of occupational exposures on decline of lung
function in early chronic obstructive pulmonary disease. Am J Respir
Crit Care Med. 2007 Nov 15;176(10):994–1000.

27. Lytras T, Beckmeyer-Borowko A, Kogevinas M, Kromhout H,
Carsin AE, Ant�o JM, et al. Cumulative occupational exposures and
lung-function decline in two large general-population cohorts. Ann
Am Thorac Soc. 2021 Feb;18(2):238–46.

28. Oxman AD, Muir DC, Shannon HS, Stock SR, Hnizdo E, Lange HJ.
Occupational dust exposure and chronic obstructive pulmonary dis-
ease. A systematic overview of the evidence. Am Rev Respir Dis. 1993
Jul;148(1):38–48.

29. Coggon D, Taylor AN. Coal mining and chronic obstructive pulmo-
nary disease: a review of the evidence. Thorax. 1998;53:398–407.

30. Rogan JM, Attfield MD, Jacobsen M, Rae S, Walker DD, Walton WH.
Role of dust in the working environment in development of chronic
bronchitis in British coal miners. Br J Ind Med. 1973 Jul;30(3):217–26.

31. Love RG, Miller BG. Longitudinal study of lung function in coal-
miners. Thorax. 1982;37:193–7.

32. Soutar CA, Hurley JF. Relation between dust exposure and lung func-
tion in miners and ex-miners. Br J Ind Med. 1986;43:307–20.

33. Hurley JF, Soutar CA. Can exposure to coalmine dust cause a severe
impairment of lung function? Br J Ind Med. 1986;43:150–7.

34. Marine WM, Gurr D, Jacobsen M. Clinically important respiratory
effects of dust exposure and smoking in British coal miners. Am Rev
Respir Dis. 1988;137:106–12.

35. Attfield MD, Hodous TK. Pulmonary function of U.S. coal miners
related to dust exposure estimates. Am Rev Respir Dis. 1992;145:605–9.

36. Seixas NS, Robins TG, Attfield MD, Moulton LH. Longitudinal and
cross sectional analyses of exposure to coal mine dust and pulmonary
function in new miners. Br J Ind Med. 1993;50:929–37.

37. Kurth L, Laney AS, Blackley DJ, Halldin CN. Prevalence of
spirometry-defined airflow obstruction in never-smoking working US
coal miners by pneumoconiosis status. Occup Environ Med. 2020
Apr;77(4):265–7.

38. Beeckman LA, Wang ML, Petsonk EL, Wagner GR. Rapid declines in
FEV1 and subsequent respiratory symptoms, illnesses, and mortality
in coal miners in the United States. Am J Respir Crit Care Med. 2001;
163:633–9.

39. Carta P, Aru G, Barbieri MT, Avataneo G, Casula D. Dust exposure,
respiratory symptoms, and longitudinal decline of lung function in
young coal miners. Occup Environ Med. 1996 May;53(5):312–9.

40. Wang ML, Wu ZE, Du QG, Peng KL, Li YD, Li SK, et al. Rapid
decline in forced expiratory volume in 1 second (FEV1) and the devel-
opment of bronchitic symptoms among new Chinese coal miners.
J Occup Environ Med. 2007 Oct;49(10):1143–8.

41. Marchetti N, Garshick E, Kinney GL, McKenzie A, Stinson D,
Lutz SM, et al. Association between occupational exposure and lung
function, respiratory symptoms, and high-resolution computed
tomography imaging in COPDGene. Am J Respir Crit Care Med.
2014 Oct 1;190(7):756–62.

42. Hnizdo E, Vallyathan V. Chronic obstructive pulmonary disease due
to occupational exposure to silica dust: a review of epidemiological
and pathological evidence. Occup Environ Med. 2003;60:237–43.

43. Manfreda J, Sidwall G, Maini K, West P, Cherniack RM. Respiratory
abnormalities in employees of the hard rock mining industry. Am Rev
Respir Dis. 1982 Oct;126(4):629–34.

OCCUPATIONAL COPD 407

 14401843, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/resp.14272 by U

niversita D
i Ferrara, W

iley O
nline L

ibrary on [27/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.inail.it/cs/internet/attivita/dati-e-statistiche/banca--dati-statistica.html
https://www.inail.it/cs/internet/attivita/dati-e-statistiche/banca--dati-statistica.html


44. Holman CD, Psaila-Savona P, Roberts M, McNulty JC. Determinants
of chronic bronchitis and lung dysfunction in Western Australian gold
miners. Br J Ind Med. 1987;44:810–8.

45. Kreiss K, Greenberg LM, Kogut SJ, Lezotte DC, Irvin CG,
Cherniack RM. Hard-rock mining exposures affect smokers and non-
smokers differently. Results of a community prevalence study. Am
Rev Respir Dis. 1989 Jun;139(6):1487–93.

46. Möhner M, Kersten N, Gellissen J. Chronic obstructive pulmonary
disease and longitudinal changes in pulmonary function due to occu-
pational exposure to respirable quartz. Occup Environ Med. 2013 Jan;
70(1):9–14.

47. Reynolds CJ, MacNeill SJ, Williams J, Hodges NG, Campbell MJ,
Newman Taylor AJ, et al. Chronic obstructive pulmonary disease in
Welsh slate miners. Occup Med (Lond). 2017 Jan;67(1):20–5.

48. Souza TP, Souza R, Watte G, de Souza JA, Moreira JDS, Knorst MM.
Lung function and functional exercise capacity in underground semi-
precious stone mineworkers. Work. 2020;66(1):193–200.

49. Ng TP, Tsin TW, O’Kelly FJ, Chan SL. A survey of the respiratory
health of silica-exposed workers in Hong Kong. Am Rev Respir Dis.
1987;135:1249–54.

50. Malmberg P, Hedenstrom H, Sundblad B-M. Changes in lung func-
tion of granite crushers exposed to moderate highly silica concentra-
tions: a 12 year follow up. Br J Ind Med. 1993;50:726–31.

51. Ulvestad B, Bakke B, Melbostad E, Fuglerud P, Kongerud J, Lund MB.
Increased risk of obstructive pulmonary disease in tunnel workers.
Thorax. 2000 Apr;55(4):277–82.

52. Meijer E, Kromhout H, Heederik A. Respiratory effects of exposure to
low levels of concrete dust containing crystalline silica. Am J Ind Med.
2001;40:133–40.

53. Tjoe-Nij E, de Meer G, Smit J, Heederik D. Lung function decrease in
relation to pneumoconiosis and exposure to quartz-containing dust in
construction workers. Am J Ind Med. 2003;43:574–83.

54. Chen YH, Wu TN, Liou SH. Obstructive pulmonary function defects
among Taiwanese firebrick workers in a 2-year follow-up study.
J Occup Environ Med. 2001;43:969–75.

55. Liou SH, Chen YP, Shih WY, Lee CC. Pneumoconiosis and pulmo-
nary function defects in silica-exposed fire brick workers. Arch Envi-
ron Health. 1996;51:227–33.

56. Forastiere F, Goldsmith DF, Sperati A, Rapiti E, Miceli M, Cavariani F,
et al. Silicosis and lung function decrements among female ceramic
workers in Italy. Am J Epidemiol. 2002 Nov 1;156(9):851–6.

57. Yingratanasuk T, Seixas N, Barnhart S, Brodkin D. Respiratory health
and silica exposure of stone carvers in Thailand. Int J Occup Environ
Health. 2002;8:301–8.

58. Ahman M, Alexandersson R, Ekholm U, Bergström B, Dahlqvist M,
Ulfvarson U. Impeded lung function in moulders and coremakers
Series furan resin sand. Int Arch Occup Environ Health. 1991;63(3):
175–80.

59. Gomes J, Lloyd OL, Norman NJ, Pahwa P. Dust exposure and impair-
ment of lung function at a small iron foundry in a rapidly developing
country. Occup Environ Med. 2001;58:656–62.

60. Jorna TH, Borm PJ, Koiter KD, Slangen JJ, Henderson PT,
Wouters EF. Respiratory effects and serum type III procollagen in
potato sorters exposed to diatomaceous earth. Int Arch Occup Envi-
ron Health. 1994;66(4):217–22.

61. Neukirch F, Cooreman J, Korobaeff M, Periente R. Silica exposure
and chronic airflow limitation in pottery workers. Arch Environ
Health. 1994;49:459–64.

62. Oliver LC, Miracle-McMahill H. Airway disease in highway and tunnel
construction workers exposed to silica. Am J Ind Med. 2006;49:983–96.

63. Tiwari RR, Sharma YK. Respiratory health of female stone grinders
with free silica dust exposure in Gujarat, India. Int J Occup Environ
Health. 2008;14:280–2.

64. Johnsen HL, Hetland SM, Benth JS, Kongerud J, Søyseth V. Dust
exposure assessed by a job exposure matrix is associated with
increased annual decline in FEV1: a 5-year prospective study of
employees in Norwegian smelters. Am J Respir Crit Care Med. 2010
Jun 1;181(11):1234–40.

65. Ulvestad B, Ulvestad M, Skaugset NP, Aaløkken TM, Günther A,
Clemm T, et al. Pulmonary function and high-resolution computed
tomography in outdoor rock drillers exposed to crystalline silica.
Occup Environ Med. 2020 Sep;77(9):611–6.

66. Hessel PA, Melenka LS, Michaelchuk D, Herbert FA, Cowie RL. Lung
health among plumbers and pipefitters in Edmonton, Alberta. Occup
Environ Med. 1998 Oct;55(10):678–83.

67. Hessel PA, Melenka LS, Michaelchuk D, Herbert FA, Cowie RL. Lung
health among boilermakers in Edmonton, Alberta. Am J Ind Med.
1998 Oct;34(4):381–6.

68. Kalacic I. Ventilatory lung function in cement workers. Arch Environ
Health. 1973;26:84–5.

69. Saric M, Kalacic I, Holetic A. Follow-up of ventilatory lung function
in a group of cement workers. Br J Ind Med. 1976;33:18–24.

70. Shamssain MH, Thompson J. Effect of cement dust on lung function
in Libyans. Ergonomics. 1988;31:1299–303.

71. Soumagne T, Degano B, Guillien A, Annesi-Maesano I, Andujar P,
Hue S, et al. Characterization of chronic obstructive pulmonary dis-
ease in dairy farmers. Environ Res. 2020 Sep;188:109847. https://doi.
org/10.1016/j.envres.2020.109847

72. Sigsgaard T, Basinas I, Doekes G, de Blay F, Folletti I, Heederik D,
et al. Respiratory diseases and allergy in farmers working with live-
stock: a EAACI position paper. Clin Transl Allergy. 2020 Jul 6;10:29.
https://doi.org/10.1186/s13601-020-00334-x

73. Cui L, Gallagher LG, Ray RM, Li W, Gao D, Zhang Y, et al. Unex-
pected excessive chronic obstructive pulmonary disease mortality
among female silk textile workers in Shanghai, China. Occup Environ
Med. 2011 Dec;68(12):883–7.

74. Andersson E, Sällsten G, Lohman S, Neitzel R, Torén K. Lung func-
tion and paper dust exposure among workers in a soft tissue paper
mill. Int Arch Occup Environ Health. 2020 Jan;93(1):105–10.

75. Chinn DJ, Stevenson IC, Cotes JE. Longitudinal respiratory survey of
shipyard workers: effects of trade and atopic status. Br J Ind Med.
1990;47:83–90.

76. Cotes JE, Feinmann EL, Male VJ, Rennie FS, Wickham CA. Respira-
tory symptoms and impairment in shipyard welders and
caulker/burners. Br J Ind Med. 1989 May;46(5):292–301.

77. Chinn DJ, Cotes JE, el Gamal FM, Wollaston JF. Respiratory health of
young shipyard welders and other tradesmen studied cross-sectionally
and longitudinally. Occup Environ Med. 1995;52:33–42.

78. Koh DH, Kim JI, Kim KH, Yoo SW, Korea Welders Cohort Group.
Welding fume exposure and chronic obstructive pulmonary disease in
welders. Occup Med (Lond). 2015 Jan;65(1):72–7.

79. Szram J, Schofield SJ, Cosgrove MP, Cullinan P. Welding, longitudinal
lung function decline and chronic respiratory symptoms: a systematic
review of cohort studies. Eur Respir J. 2013 Nov;42(5):1186–93.

80. Oh CM, Oh IH, Lee JK, Park YH, Choe BK, Yoon TY, et al. Blood
cadmium levels are associated with a decline in lung function in
males. Environ Res. 2014 Jul;132:119–25.

81. Becklake MR, Goldman HI, Bosman AR, Freed CC. The long-term
effects of exposure of nitrous fumes. Am Rev Tuberc. 1957;76:398–409.

82. Henneberger PK, Lax MB, Ferris BG Jr. Decrements in spirometry
values associated with chlorine gassing events and pulp mill work.
Am J Respir Crit Care Med. 1996 Jan;153(1):225–31.

83. Dumas O, Varraso R, Boggs KM, Quinot C, Zock JP,
Henneberger PK, et al. Association of occupational exposure to disin-
fectants with incidence of chronic obstructive pulmonary disease
among US female nurses. JAMA Netw Open. 2019 Oct 2;2(10):
e1913563. https://doi.org/10.1001/jamanetworkopen.2019.13563

84. Lee PN, Forey BA, Coombs KJ, Hamling JS, Thornton AJ. Epidemio-
logical evidence relating environmental smoke to COPD in lifelong
non-smokers: a systematic review. F1000Res. 2018 Feb 5;7:146.
https://doi.org/10.12688/f1000research.13887.3

85. Le Moual N, Bakke P, Orlowski E, Heederik D, Kromhout H,
Kennedy SM, et al. Performance of population specific job exposure
matrices (JEMs): European collaborative analyses on occupational risk
factors for chronic obstructive pulmonary disease with job exposure
matrices (ECOJEM). Occup Environ Med. 2000 Feb;57(2):126–32.

408 MURGIA AND GAMBELUNGHE

 14401843, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/resp.14272 by U

niversita D
i Ferrara, W

iley O
nline L

ibrary on [27/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.envres.2020.109847
https://doi.org/10.1016/j.envres.2020.109847
https://doi.org/10.1186/s13601-020-00334-x
https://doi.org/10.1001/jamanetworkopen.2019.13563
https://doi.org/10.12688/f1000research.13887.3


86. Lytras T, Kogevinas M, Kromhout H, Carsin AE, Ant�o JM,
Bentouhami H, et al. Occupational exposures and 20-year incidence
of COPD: the European Community Respiratory Health Survey. Tho-
rax. 2018 Nov;73(11):1008–15.

87. GBD 2016 Occupational Chronic Respiratory Risk Factors Collabora-
tors. Global and regional burden of chronic respiratory disease in
2016 arising from non-infectious airborne occupational exposures: a
systematic analysis for the Global Burden of Disease Study 2016.
Occup Environ Med. 2020 Mar;77(3):142–50.

88. Doney B, Kurth L, Halldin C, Hale J, Frenk SM. Occupational expo-
sure and airflow obstruction and self-reported COPD among ever-
employed US adults using a COPD-job exposure matrix. Am J Ind
Med. 2019 May;62(5):393–403.

89. Sadhra SS, Mohammed N, Kurmi OP, Fishwick D, De Matteis S,
Hutchings S, et al. Occupational exposure to inhaled pollutants and
risk of airflow obstruction: a large UK population-based UK Biobank
cohort. Thorax. 2020 Jun;75(6):468–75.

90. Murgia N, Brisman J, Olin AC, Dahlman-Hoglund A, Andersson E,
Torén K. Occupational risk factors for airway obstruction in a
population-based study in Northern Europe. Am J Ind Med. 2021 Jul;
64(7):576–84.

91. Grahn K, Gustavsson P, Andersson T, Lindén A, Hemmingsson T,
Selander J, et al. Occupational exposure to particles and increased risk
of developing chronic obstructive pulmonary disease (COPD): a
population-based cohort study in Stockholm, Sweden. Environ Res.
2021 Sep;200:111739. https://doi.org/10.1016/j.envres.2021.111739

92. Islami F, Stoklosa M, Drope J, Jemal A. Global and regional patterns
of tobacco smoking and tobacco control policies. Eur Urol Focus.
2015 Aug;1(1):3–16.

93. Trupin L, Earnest G, San Pedro M, Balmes JR, Eisner MD, Yelin E,
et al. The occupational burden of chronic obstructive pulmonary dis-
ease. Eur Respir J. 2003 Sep;22(3):462–9.

94. Boggia B, Farinaro E, Grieco L, Lucariello A, Carbone U. Burden of
smoking and occupational exposure on etiology of chronic obstructive
pulmonary disease in workers of Southern Italy. J Occup Environ
Med. 2008;50:366–70.

95. Blanc PD, Iribarren C, Trupin L, Earnest G, Katz PP, Balmes J, et al.
Occupational exposures and the risk of COPD: dusty trades revisited.
Thorax. 2009 Jan;64(1):6–12.

96. Henneberger PK, Humann MJ, Liang X, Doney BC, Kelly KM, Cox-
Ganser JM. The association of airflow obstruction with occupational expo-
sures in a sample of rural adults in Iowa. COPD. 2020 Aug;17(4):401–9.

97. Di Stefano A, Ricciardolo FLM, Caramori G, Adcock IM,
Chung KF, Barnes PJ, et al. Bronchial inflammation and bacterial
load in stable COPD is associated with TLR4 overexpression. Eur
Respir J. 2017 May 23;49(5):1602006. https://doi.org/10.1183/
13993003.02006-2016

98. Sayan M, Mossman BT. The NLRP3 inflammasome in pathogenic
particle and fibre-associated lung inflammation and diseases. Part
Fibre Toxicol. 2016 Sep 20;13(1):51.

99. Barnes PJ. Cellular and molecular mechanisms of asthma and COPD.
Clin Sci (Lond). 2017 Jul 1;131(13):1541–58.

100. Stolzenburg LR, Harris A. The role of microRNAs in chronic respira-
tory disease: recent insights. Biol Chem. 2018 Feb 23;399(3):219–34.

101. Schins RPF, Borm PJA. Mechanisms and mediators in coal dust
induced toxicity: a review. Ann Occup Hyg. 1999;43:7–33.

102. Castranova V. From coal mine dust to quartz: mechanisms of pulmo-
nary pathogenicity. Inhal Toxicol. 2000;12:7–14.

103. Vallyathan V. Generation of oxygen radicals by minerals and its cor-
relation to cytotoxicity. Environ Health Perspect. 1994;102:111–5.

104. Zay K, Loo S, Xie C, Devine DV, Wright J, Churg A. Role of neutro-
phils and alpha1-antitrypsin in coal- and silica-induced connective tis-
sue breakdown. Am J Physiol. 1999;276:L269–79.

105. Li GJ, Zhang LL, Lu L, Wu P, Zheng W. Occupational exposure to
welding fume among welders: alterations of manganese, iron, zinc,
copper, and lead in body fluids and the oxidative stress status.
J Occup Environ Med. 2004;46:241–8.

106. Taylor MD, Roberts JR, Leonard SS, Shi X, Antonini JM. Effects of
welding fumes of differing composition and solubility on free radical
production and acute lung injury and inflammation in rats. Toxicol
Sci. 2003;75:181–91.

107. Krabbe J, Beilmann V, Gerhards B, Markert A, Thomas K, Kraus T, et al.
The effects of repeated exposure to zinc- and copper-containing welding
fumes on healthy volunteers. J Occup Environ Med. 2019 Jan;61(1):8–15.

108. Kirschvink N, Vincke G, Fiévez L, Onclinx C, Wirth D,
Belleflamme M, et al. Repeated cadmium nebulizations induce pulmo-
nary MMP-2 and MMP-9 production and emphysema in rats. Toxi-
cology. 2005;211:36–48.

109. Wyatt TA, Canady K, Heires AJ, Poole JA, Bailey KL, Nordgren TM,
et al. Alcohol inhibits organic dust-induced ICAM-1 expression on
bronchial epithelial cells. Safety (Basel). 2017 Mar;3(1):5. https://doi.
org/10.3390/safety3010005

110. Poole JA, Romberger DJ. Immunological and inflammatory responses
to organic dust in agriculture. Curr Opin Allergy Clin Immunol. 2012
Apr;12(2):126–32.

111. Mehta AJ, Thun GA, Imboden M, Ferrarotti I, Keidel D, Künzli N,
et al. Interactions between SERPINA1 PiMZ genotype, occupational
exposure and lung function decline. Occup Environ Med. 2014 Apr;
71(4):234–40.

112. Würtz ET, Brasch-Andersen C, Steffensen R, Hansen JG, Malling TH,
Schlünssen V, et al. Heme oxygenase 1 polymorphism, occupational
vapor, gas, dust, and fume exposure and chronic obstructive pulmo-
nary disease in a Danish population-based study. Scand J Work Envi-
ron Health. 2020 Jan 1;46(1):96–104.

113. van der Plaat DA, Vonk JM, Terzikhan N, de Jong K, de Vries M, La
Bastide-van Gemert S, et al. Occupational exposure to gases/fumes
and mineral dust affect DNA methylation levels of genes regulating
expression. Hum Mol Genet. 2019 Aug 1;28(15):2477–85.

114. Blanc PD, Menezes AM, Plana E, Mannino DM, Hallal PC, Toren K,
et al. Occupational exposures and COPD: an ecological analysis of
international data. Eur Respir J. 2009 Feb;33(2):298–304.

115. Paulin LM, Diette GB, Blanc PD, Putcha N, Eisner MD, Kanner RE,
et al. Occupational exposures are associated with worse morbidity in
patients with chronic obstructive pulmonary disease. Am J Respir Crit
Care Med. 2015 Mar 1;191(5):557–65.

116. Fishwick D, Sen D, Barber C, Bradshaw L, Robinson E, Sumner J,
et al. Occupational chronic obstructive pulmonary disease: a standard
of care. Occup Med (Lond). 2015 Jun;65(4):270–82.

117. De Matteis S, Jarvis D, Darnton A, Hutchings S, Sadhra S, Fishwick D,
et al. The occupations at increased risk of COPD: analysis of lifetime
job-histories in the population-based UK Biobank Cohort. Eur Respir J.
2019 Jul 18;54(1):1900186. https://doi.org/10.1183/13993003.00186-2019

118. Eu E, Soo MPJ, Gan WH. A short review of undergraduate occupational
medicine training. Occup Med (Lond). 2020 Oct 27;70(7):485–9.

119. Michas MG, Iacono CU. Overview of occupational medicine training
among US family medicine residency programs. Fam Med. 2008 Feb;
40(2):102–6.

120. Carder M, Darnton A, Gittins M, Stocks SJ, Ross D, Barber CM, et al.
Chest physician-reported, work-related, long-latency respiratory dis-
ease in Great Britain. Eur Respir J. 2017 Dec 28;50(6):1700961.
https://doi.org/10.1183/13993003.00961-2017

121. Akgün M. Denim production and silicosis. Curr Opin Pulm Med.
2016 Mar;22(2):165–9.

122. Salamon F, Martinelli A, Vianello L, Bizzotto R, Gottardo O,
Guarnieri G, et al. Occupational exposure to crystalline silica in artifi-
cial stone processing. J Occup Environ Hyg. 2021 Nov 19;18:547–54.

123. Barber CM, Frank T, Walsh K, Burton C, Bradshaw L, Fishwick D.
Knowledge and utilisation of occupational asthma guidelines in pri-
mary care. Prim Care Respir J. 2010 Sep;19(3):274–80.

124. Fletcher MJ, Upton J, Taylor-Fishwick J, Buist SA, Jenkins C,
Hutton J, et al. COPD uncovered: an international survey on the
impact of chronic obstructive pulmonary disease [COPD] on a work-
ing age population. BMC Public Health. 2011 Aug 1;11:612. https://
doi.org/10.1186/1471-2458-11-612

OCCUPATIONAL COPD 409

 14401843, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/resp.14272 by U

niversita D
i Ferrara, W

iley O
nline L

ibrary on [27/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.envres.2021.111739
https://doi.org/10.1183/13993003.02006-2016
https://doi.org/10.1183/13993003.02006-2016
https://doi.org/10.3390/safety3010005
https://doi.org/10.3390/safety3010005
https://doi.org/10.1183/13993003.00186-2019
https://doi.org/10.1183/13993003.00961-2017
https://doi.org/10.1186/1471-2458-11-612
https://doi.org/10.1186/1471-2458-11-612


125. Rai KK, Adab P, Ayres JG, Jordan RE. Systematic review: chronic
obstructive pulmonary disease and work-related outcomes. Occup
Med (Lond). 2018 Mar 27;68(2):99–108.

126. Lax MB, Grant WD, Manetti FA, Klein R. Recognizing occupational
disease-taking an effective occupational history. Am Fam Physician.
1998 Sep 15;58(4):935–44.

127. Moßhammer D, Michaelis M, Mehne J, Wilm S, Rieger MA. General
practitioners’ and occupational health physicians’ views on their coop-
eration: a cross-sectional postal survey. Int Arch Occup Environ
Health. 2016 Apr;89(3):449–59.

128. Meijer E, Grobbee DE, Heederik DJ. Health surveillance for occupa-
tional chronic obstructive pulmonary disease. J Occup Environ Med.
2001 May;43(5):444–50.

129. Schneider I, Rodwell L, Baum S, Borg BM, Del Colle EA, Ingram ER,
et al. Assessing spirometry competence through certification in
community-based healthcare settings in Australia and New Zealand: a
position paper of the Australian and New Zealand Society of Respira-
tory Science. Respirology. 2021 Feb;26(2):147–52.

130. Redlich CA, Tarlo SM, Hankinson JL, Townsend MC,
Eschenbacher WL, Von Essen SG, et al. Official American Thoracic
Society technical standards: spirometry in the occupational setting.
Am J Respir Crit Care Med. 2014 Apr 15;189(8):983–93.

131. Rabe KF, Watz H. Chronic obstructive pulmonary disease. Lancet.
2017 May 13;389(10082):1931–40.

132. Erkinjuntti-Pekkanen R, Slater T, Cheng S, Fishwick D, Bradshaw L,
Kimbell-Dunn M, et al. Two year follow up of pulmonary function
values among welders in New Zealand. Occup Environ Med. 1999
May;56(5):328–33.

133. Virolainen R, Tupi K, Terho EO, Husman K, Notkola V, Vohlonen I.
Characteristics of farmers who have obtained personal dust respira-
tors. Eur J Respir Dis Suppl. 1987;152:199–205.

134. Pern PO, Love RG, Wightman AJ, Soutar CA. Characteristics of
coalminers who have suffered excessive loss of lung function over
10 years. Bull Eur Physiopathol Respir. 1984 Nov–Dec;20(6):487–93.

135. Schwartz DA, Rosenstock L, Barnhart S, Inui TS. Screening for occu-
pational disease among workers in a high-risk trade: examination of
cost, yield, and potential for increased efficiency. Am J Ind Med. 1988;
13(2):241–51.

136. Burney PG, Luczynska C, Chinn S, Jarvis D. The European Commu-
nity Respiratory Health Survey. Eur Respir J. 1994 May;7(5):954–60.

137. Halpern MT, Dirani R, Schmier JK. Impacts of a smoking cessation
benefit among employed populations. J Occup Environ Med. 2007
Jan;49(1):11–21.

138. Mulaney B, Bromley-Dulfano R, McShane EK, Stepanek M, Singer SJ.
Descriptive study of employee engagement with workplace wellness
interventions in the UK. J Occup Environ Med. 2021 Sep 1;63(9):
719–30.

139. Orbon KH, Schermer TR, van der Gulden JW, Chavannes NH,
Akkermans RP, Schayck OP, et al. Employment status and quality of
life in patients with chronic obstructive pulmonary disease. Int Arch
Occup Environ Health. 2005 Jul;78(6):467–74.

140. Eisner MD, Yelin EH, Trupin L, Blanc PD. The influence of chronic
respiratory conditions on health status and work disability.
Am J Public Health. 2002 Sep;92(9):1506–13.

141. Patel JG, Coutinho AD, Lunacsek OE, Dalal AA. COPD affects worker
productivity and health care costs. Int J Chron Obstruct Pulmon Dis.
2018 Jul 30;13:2301–11.

142. Torén K, Blanc PD, Naidoo RN, Murgia N, Qvarfordt I, Aspevall O,
et al. Occupational exposure to dust and to fumes, work as a welder
and invasive pneumococcal disease risk. Occup Environ Med. 2020
Feb;77(2):57–63.

AUTHOR BIOGRAPHIES

Nicola Murgia is Associate Professor of Occupational
Medicine at the Department of Medicine and Surgery,
University of Perugia, Italy. His main scientific interests
are occupational and environmental lung diseases and
allergology. He is Senior Physician and consultant in
Occupational Medicine, Allergology and Clinical Immu-
nology at the Section of Occupational Medicine, Respira-
tory Diseases and Toxicology, Regional Hospital of
Perugia.

Angela Gambelunghe is Senior Researcher in Occupa-
tional Medicine at the Department of Medicine, Univer-
sity of Perugia, Italy. Her main scientific interests are
in vitro assessment of cell injuries caused by occupa-
tional and environmental pollutants, occupational carci-
nogenesis and toxicology of metals. She is Senior
Physician and consultant in Occupational Medicine at
the Section of Occupational Medicine, Respiratory Dis-
eases and Toxicology, Regional Hospital of Perugia.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Murgia N, Gambelunghe A.
Occupational COPD—The most under-recognized
occupational lung disease? Respirology. 2022;27(6):
399–410. https://doi.org/10.1111/resp.14272

410 MURGIA AND GAMBELUNGHE

 14401843, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/resp.14272 by U

niversita D
i Ferrara, W

iley O
nline L

ibrary on [27/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/resp.14272

	Occupational COPD-The most under-recognized occupational lung disease?
	INTRODUCTION
	HISTORICAL CONTEXT
	OCCUPATIONAL COPD UNDERDIAGNOSIS
	THE ROLE OF OCCUPATIONAL EXPOSURES IN COPD AETIOPATHOGENESIS
	Epidemiology
	Cohort studies
	Population-based studies

	COPD and work: Is there a biological mechanism?

	WHAT SHOULD A CLINICIAN KNOW ABOUT OCCUPATIONAL COPD?
	WHAT A CLINICIAN SHOULD DO?
	OCCUPATIONAL COPD PREVENTION
	CONCLUSIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	REFERENCES


