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ABSTRACT

Occupational lung diseases (OLDs) are caused,
aggravated or exacerbated by exposures at the
workplace. OLDs encompass a wide range of
respiratory diseases similar to that found out-
side the work environment. Occupational
asthma is the most commonly diagnosed OLD.
Other OLDs may include acute and chronic
conditions, ranging from hypersensitivity
pneumonitis to chronic obstructive pulmonary
disease (COPD) to pulmonary fibrosis. Histori-
cally, research into OLDs has centered on dis-
eases resulting from exposures relevant to high-
income countries and more obvious hazardous
occupations, such as silicosis in coal miners.
Peer-reviewed publications in 2019 have
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broadened the focus to include low- and mid-
dle-income countries and once-overlooked
occupations such as dry cleaning and animal
husbandry. Technological advances and greater
understanding of disease etiology have allowed
researchers and clinicians to implement
improved risk analysis, screening and mitiga-
tion strategies to not only treat disease once it
occurs, but to identify at-risk populations and
institute protections to prevent or limit the
negative impacts of workplace hazards. As
recognition of OLDs as a worldwide threat in a
variety of occupations increases, research is
allowing for the development of better treat-
ments and preventive measures that advance
workers’ rights and ensure their continued good
health.
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Key Summary Points

Wortkplace exposures contribute
substantially to the burden of chronic
respiratory diseases, including asthma,
COPD, chronic bronchitis, idiopathic
pulmonary fibrosis, hypersensitivity
pneumonitis, other granulomatous
diseases (including sarcoidosis),
pulmonary alveolar proteinosis,
tuberculosis, community-acquired
pneumonia, and classic occupational
pneumoconiosis.

Occupational lung diseases are often
misattributed to non-occupational causes,
leading to delayed or improper medical
management of patients.

Respirable fine crystalline silica in coal
mine dust has been implicated in the
recent resurgence of coal workers’
pneumoconiosis in the United States.

The most common specific diagnosis in
previously deployed US military personnel
in Southwest Asia and Afghanistan is
asthma.

Among patients with sensitizer-induced
occupational asthma, 16% have severe
disease, which is predicted by persistent
exposure and longer duration of disease.

Occupational exposures are associated
with incident chronic phlegm and
chronic bronchitis, and the evidence is
strongest for mineral dust exposure and
metals.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and video abstracts,
to facilitate understanding of the article. To
view digital features for this article go to https://
doi.org/10.6084/m9.figshare.13313066.

INTRODUCTION

Occupational lung diseases (OLDs) and non-
occupational lung diseases are often clinically
indistinguishable, but are differentiated from
one another based upon etiology. Lung diseases
are described as occupational if they are caused,
aggravated or exacerbated by exposure in the
workplace. Incriminating exposures might
include respirable dusts (such as coal mine dust
and silica), fumes, vapors, gases, volatile organic
compounds, man-made vitreous fibers, chemi-
cals, metals and infectious pathogenic materi-
als. Inhalational hazards remain common in
workplaces throughout the world, but they are
largely avoidable. OLDs are a commonly diag-
nosed work-related illness, but in the absence of
an occupational history they are indistinguish-
able from similarly named diseases that occur in
the general population (Table 1). The distinc-
tion is important, however, because properly
addressing a causative workplace exposure is
often key to providing effective treatment.
Unfortunately, to the detriment of patients,
OLDs are frequently ignored, misdiagnosed and
misattributed to non-occupational causes.

OLDs include a wide range of benign and
malignant pathologies occurring anywhere
from the upper respiratory tract to the alveoli.
They encompass a range of pulmonary diseases
including obstructive diseases such as chronic
obstructive lung disease (COPD) and asthma;
restrictive diseases such as pulmonary fibrosis
(PF); mixed obstructive and restrictive lung
diseases (such as pneumoconiosis and hyper-
sensitivity pneumonitis); and cancers (such as
mesothelioma and lung cancers). These diseases
may be acute, subacute or chronic, and may
occur with or without latency. While some
OLDs cause permanent impairment, others may
resolve with treatment or removal from the
inciting work-related exposure.

The objective of this review is to provide a
2019 update on OLDs. This article is based on
previously conducted studies and does not
contain any studies with human participants or
animals performed by any of the authors. The
sources of information contained in this review
include peer-reviewed literature in PubMed
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Table 1 Common occupational diseases that may be
misdiagnosed as non-occupational

Non-occupational ~ Occupational disease

disease
Asthma Sensitizer-induced occupational
asthma
Irritant-induced asthma/reactive
airways dysfunction syndrome
Work-exacerbated asthma
COPD Occupational COPD
Irritant (chronic) bronchitis
Pneumonia Hypersensitivity pneumonitis
Acute chemical pneumonitis
Idiopathic Asbestosis
pulmonary Coal workers’ pneumoconiosis
fibrosis ) i o
Uranium workers’ pneumoconiosis
Hard metal disease
Chronic hypersensitivity
pheumonitis
Sarcoidosis Chronic beryllium disease

Chronic hypersensitivity

pneumonitis

Aluminum-induced pulmonary

granulomatosis

(using search terms: occupational lung disease,
work-related lung disease, occupational airway
disease, work-related airway disease, lung dis-
ease at work, and airway disease at work,
restricted to the year 2019).

SELECTED AT-RISK POPULATIONS
AND OCCUPATIONS

While many occupations put workers at risk for
OLD, the iconic image is that of coal miners
developing “black lung,” the popular and legal
term for coal mine dust lung disease from
inhalation of heterogeneous exposures in coal

mines. While coal mining remains an impor-
tant industry in the United States, domestic
production is declining as other means of
energy production gain favor. Some low- and
middle-income countries (LMICs) also consider
coal an important industry, but the trend
worldwide is downward. With mining becom-
ing less common, the economics and demo-
graphics associated with OLDs are changing
away from black lung. A 2015 publication on
the global burden of disease recorded the most
pronounced rises for various occupational
exposures, such as diesel engine exhaust, silica
and benzene. Between 1990 and 2015, there
were increases in average occupational exposure
to diesel exhaust (72.1% men; 129.8% women),
silica (72.6% men; 44.9% women) and benzene
(48.5% men; 97.5% women) [1]. Current
research reflects this, as investigators focus on
new and once-neglected occupations and
exposures associated with OLDs.

Coal Workers

Although once in decline, coal workers’ pneu-
moconiosis has seen a recent resurgence in
prevalence and severity in the United States [2].
While the cause for this resurgence is not
known, respirable fine crystalline silica, silicates
and metal content of coal mine dust has been
implicated. Hall et al. [3] assessed the preva-
lence of r-type opacities (rounded pneumoco-
niotic opacities measuring 3-10mm in
diameter typically associated with silicosis lung
pathology) during 2010-2018 compared with
earlier decades. Nationwide data from the US
Coal Workers’ Health Surveillance Program
included chest radiographs of 106,506 working
underground coal miners. Compared to chest
radiographs of miners taken during 1980-1989,
the prevalence of r-type opacities in similar
radiographs had increased during the
2010-2018 period (prevalence ratio or PR 2.4).
In central Appalachia, the relative increase in
prevalence during these times periods was six
times greater (PR 6.0). This study demonstrates
the growing prevalence of r-type opacities in
chest radiographs of Appalachian underground
coal miners. The findings suggest significant
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occupational exposure to respirable crystalline
silica in coal mine dust by workers. Therefore,
there likely remains an ongoing need to control
and monitor for silica exposure in US coal
mines [3].

Silica-Exposed Workers in “Emerging”
Industries

Silica-associated lung disease has long been
recognized as a significant cause of morbidity
and mortality in miners. Increasingly, silica-as-
sociated lung disease is being seen in workers in
other industries, and often these workers are
developing acute as well as chronic silicosis due
to high exposures without appropriate protec-
tion. Barnes et al. examined silica-associated
lung disease in several countries and in a variety
of occupations that potentially expose workers
to harmful amounts of silica dust. These
industries ranged from stonemasons, to slate
pencil workers, dental tool suppliers, jewelry
makers, sandblasters and denim jean manufac-
turers, among others. These industries have
been largely overlooked as risk factors for silica-
related lung diseases in workers. As such, early
and aggressive screening and interventions are
needed to protect the health of workers in a
variety of silica-using industries around the
world [4]. As trends indicate a shift away from
US-based manufacturing, particular focus
should be directed toward workers in LMICs.

Equestrian Workers

Given that equestrian arenas and training
facilities are often grounded with silica-con-
taining sand, workers in this industry represent
an at-risk group for OLDs. In a small study,
Bulfin et al. examined the exposure of eques-
trian workers to respirable crystalline silica and
dust. They determined that workers in these
environments were exposed to clinically sig-
nificant levels of respirable crystalline silica and
dust. The highest levels of exposure occurred
when the ground was not watered versus when
it was. While recommending watering of arena
grounds to reduce airborne particle exposure,
the authors acknowledged this is a labor-

intensive practice and therefore unlikely to be
widely implemented. @A  comprehensive
approach utilizing a group of efforts to reduce
equestrian worker exposure to respirable crys-
talline silica and dust, such as occupational
health training of these workers, is a more
achievable solution [5].

Military Personnel

Since 2001, US military operations in Southwest
Asia and Afghanistan have required the
deployment of over 2.7 million personnel.
Land-based personnel in these campaigns have
been exposed to a complex mixture of airborne
pollutants. These included elevated levels of
particulate matter (PM,s), desert dust, and
various other organic and inorganic inhala-
tional exposures from sources including com-
bustion from burn pits. In a recent workshop
held during the 2018 American Thoracic Society
International Conference, epidemiologic stud-
ies and case series on this topic were reviewed. It
was demonstrated that there were more fre-
quent encounters for respiratory symptoms,
airway diseases (predominantly asthma) and a
variety of other abnormal respiratory tract
findings in deployers versus non-deployers.
When compared to the pulmonary system
effects of airborne particulates seen in other
populations, it is possible that due to exposures
from their work in Southwest Asia and Afgha-
nistan, deployers have developed lung diseases
and a resultant decrease in pulmonary function.
Other common symptoms present in both
smokers and nonsmokers who sought medical
evaluation included exertional dyspnea, cough,
chest tightness and wheezing. The authors note
that data from sources that regularly study this
population showed that asthma is the most
common specific diagnosis in previously
deployed military populations. In fact, approx-
imately 50% of deployers discharged from the
military with asthma did not have an asthma
diagnosis prior to enlistment [6].

Another area of focus for this workshop was
constrictive bronchiolitis. This topic was con-
sidered because of past reports that lung biop-
sies from selected deployers showed evidence of
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this diagnosis. However, workshop participants
had a wide range of opinions concerning how
to properly define and measure the frequency of
constrictive bronchiolitis and other small air-
way pathology observed in the study popula-
tions. Some participants expressed concern that
diagnostic criteria based on lung biopsies had
not been consistently applied across the studies
reviewed. The workshop found that airway dis-
ease, including constrictive bronchiolitis, may
be related to exposures occurring while per-
sonnel were deployed. However, additional
research is needed to fully characterize any
potential causal relationships and to evaluate
future risk of ex-servicemen developing OLDs as
a consequence of their deployment [6].

Healthcare Workers

Because of the nature of their profession,
healthcare workers (HCWs) are at increased risk
for contracting many infectious respiratory
diseases. In particular, HCWs are at increased
risk for latent tuberculosis (TB) infection (LTBI)
and active TB disease. A recent systematic
review examined the prevalence and incidence
of LTBI in HCWs in LMICs, using articles pub-
lished from 2005 to 2017 [7]. Eighty-five studies
(32,630 subjects) from 26 LMICs were examined
using pooled estimates using random effects
methods. The review determined that LMICs
had a high prevalence and incidence of LTBI in
HCWs and healthcare students (HCSs), as mea-
sured by positive tuberculin skin test (TST) or
interferon gamma release assay (IGRA). TST
positivity rates were approximately 50% for
HCWs and 32% for HCSs, while IGRA was pos-
itive in 39% of HCWs and 25% of HCSs. The
group with the highest prevalence of positive
TST was nurses (pooled estimate 54%), while
the highest prevalence of positive IGRAs was
found in general service workers including
cleaners, drivers and housekeepers (pooled
estimate 60%). Physicians had the second
highest prevalence of a positive TST or IGRA
(48% and 35%, respectively) among HCW cat-
egories. LMICs with the highest TB incidence
also had HCWs with the highest prevalence of
LTBI. The annual incidence of LTBI as estimated

from serial TSTs was 17% in HCWs and 5% in
HCSs. In contrast, serial IGRA estimates showed
an annual incidence of 18% and 8% in HCWs
and HCSs, respectively. Variables with which
the prevalence and incidence of test positivity
was found to be associated with were: years of
work, location of work, job type, and contact
with TB. The study’s authors concluded that
HCWs in LMICs in work settings with high TB
incidence are at unacceptably high risk of
developing LTBI. In resource-limited settings, it
was found that effective and affordable basic
control measures endorsed by the World Health
Organization (WHO) are rarely implemented. It
is imperative that TB programs in countries
with high TB incidence make TB infection
control measures in healthcare facilities a pri-
ority. Doing so will ensure HCWs and HCSs a
safe work environment [7].

Cleaning Service Workers

Although asthma incidence in the general
population has declined over time, the inci-
dence of occupational asthma, the most com-
monly reported OLD in developed nations, has
not. It is estimated that workplace exposures
account for 16% of cases of adult-onset asthma
[8]. Carder et al. [9] evaluated a variety of
cleaning agents and the occupations at greatest
risk of exposure and development of OLDs from
1999 to 2017. Launderers, dry cleaners and
pressers were found to have the greatest risk of
lung diseases resulting from occupational
exposures to cleaning products. Asthma was the
most commonly reported OLD in these workers,
followed by acute inhalation incidents. The
most frequently encountered chemicals were
aldehydes and chlorine. The authors pointed
out that while concerns over some chemicals
have been addressed, workers are still encoun-
tering other chemicals that place them at
increased risk for occupational pulmonary dis-
eases. Action must be taken to address these
new concerns and decrease the risk for workers
developing these diseases [9].
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Genetic/Epigenetic Factors

A minority of exposed workers develop OLDs,
but determining who will develop disease as a
result of an occupational exposure remains a
challenge. Genetics and epigenetics are rapidly
growing fields that may help explain worker
susceptibility to OLDs. An example is chronic
beryllium disease (CBD), an OLD that develops
in a minority of about one million American
workers exposed to beryllium dust each year.
Yang et al. [10] investigated the role of envi-
ronment, genetics and epigenetics in the
development of pulmonary disease from beryl-
lium exposure. Previous genetic association
studies have indicated that some gene variants,
such as HLA class II immune responses, can
predispose to CBD. This, however, does not
completely explain the differences in CBD pro-
gression. The researchers examined methyla-
tion patterns in lung cells from bronchoalveolar
lavage specimens of patients exposed to beryl-
lium and followed them over two years to
evaluate epigenetic differences amongst those
developing CBD versus beryllium sensitization
without CBD. The groups were matched on age,
sex, race and ethnicity. The researchers found
significant differences in genes involved in
immune responses, especially Thl and Th17
responses, between the two groups. They also
compared observed methylation patterns in
patients with CBD to those with sarcoidosis, an
idiopathic disease with granulomas similar to
those found in CBD. Differences in methylation
patterns were again found, although the results
were less robust. This study was significant by
being the first to examine epigenetic differences
in the development of CBD, and lays the
foundation for future research on worker sus-
ceptibility to OLDs [10]. This may lead the way
to improved methods of prevention, disease
screening and occupational health counseling.

CLASSIFICATION
OF OCCUPATIONAL LUNG DISEASE

OLD is not a single diagnosis, but rather
encompasses a range of pulmonary diseases.
Multiple phenotypes of lung disease may

coexist in a worker, as described with coal mine
dust lung disease, which includes classic nodu-
lar pneumoconiosis, COPD, dust-related diffuse
fibrosis, and small airways disease [11].

Overall Occupational Disease Burden

To examine trends in disease burden, Blanc
et al. [8] performed an in-depth literature review
and data synthesis of the occupational contri-
bution to the burden of major nonmalignant
respiratory diseases. For conditions for which
there could be found sufficient population-
based studies to permit pooled estimates, the
occupational population attributable fraction
(PAF) was estimated. For other conditions,
occupational disease burden was estimated by
attribution in case series, incidence rate ratios,
or attributable fraction found in an exposed
group. It was determined that exposures in the
work environment substantially contribute to
the burden of a range of chronic respiratory
diseases. This includes idiopathic pulmonary
fibrosis (PAF, 26%); asthma (PAF, 16%); COPD
(PAF, 14%); chronic bronchitis (PAF, 13%);
other granulomatous diseases such as sarcoido-
sis (occupational burden, 30%); pulmonary
alveolar proteinosis (occupational burden,
29%); hypersensitivity pneumonitis (occupa-
tional burden, 19%); tuberculosis (occupational
burden, 2.3% and 1% in silica-exposed workers
and HCWs); and community-acquired pneu-
monia in working-age adults (PAF, 10%). Not
counting the classic occupational pneumoco-
niosis (PAF, 100%), as shown in Fig.1 [8],
granulomatous diseases, such as sarcoidosis,
have the highest occupational burden (30%),
and can be seen among beryllium and other
metal-exposed workers, as well as firefighters,
workers in the lumber industry, rock or glass
wool workers and emergency responders to the
World Trade Center disaster in 2001. Pul-
monary alveolar proteinosis, the disease with
the second highest occupational burden (29%),
was associated with a broad range of exposures
including vapors or gases such as cleaning fluids
and hair spray, inorganic dust such as silica (PAF
for silica 5%), organic dust such as wood and
metal dusts or fumes such as aluminum.

A\ Adis



Pulm Ther (2021) 7:75-87

Other granulomatous diseases including sarcoidosis _ 30%

Pulmonary alveolar proteinosis
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Population attributable fraction (PAF)

Fig. 1 Summary of the occupational burden of nonmalignant respiratory disease, by condition, using population

attributable fractions

“Idiopathic” pulmonary fibrosis, the disease
with the third highest occupational burden
(26%), was associated with exposure to vapors,
gases, dusts or fumes (VGDF) (PAF of 26%),
metal dust or fume (PAF 8%), wood dust (PAF
4%), silica dust (PAF 3%) and agricultural dust
(PAF 4% not statistically significant). This
analysis suggests that there exists a significant
occupational burden for a variety of respiratory
conditions that are not typically associated with
work. An important limitation of this analysis is
study heterogeneity [8].

Asthma

Although  sensitizer-induced  occupational
asthma (OA) accounts for a substantial amount
of adult asthma, detailed study of asthma
severity is lacking. A study by Vandenplas et al.
[12] endeavored to describe the burden and
determinants of severe sensitizer-induced OA.

This was a retrospective study that looked at the
period from 2006 to 2015. It involved 997 sub-
jects with OA, as determined by a positive
specific inhalation challenge performed in 20
tertiary centers in 11 European countries. The
researchers defined severe asthma as that
requiring a high level of treatment in addition
to any one of the following criteria: (1) daily
need for reliever medication, (2) two or more
severe exacerbations in the previous year, or (3)
spirometric airflow obstruction. In all, there
were 162 (16.2%) subjects classified as having
severe OA. Through a multivariable analysis,
researchers determined that severe OA was
associated with persistent exposure to a causal
agent in the work environment (OR 2.78);
longer disease duration (OR 1.04); a low level of
education (OR 2.69); history of childhood
asthma (OR 2.92); and sputum production (OR
2.86). This study indicates that in subjects with
OA, a considerable proportion have severe
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asthma, and it identifies risk factors for severe
disease that are modifiable [12]. The study sup-
ports the current recommendation of cessation
of incriminating exposure in patients with
sensitizer-induced OA.

Logar-Henderson et al. [13] performed a
large-scale evaluation of adult asthma in differ-
ent occupations using the Occupational Disease
Surveillance System in 575,379 individuals aged
15-65 years. Using this large dataset, they were
able to identify linkages between asthma and
various occupations. Increased disease risks
were detected among common job classifica-
tions, including bakers (hazard ratio or HR
1.60), and painters and decorators (HR 1.67).
Flour and isocyanates were associated with
increased asthma risk in the job exposure
matrix analysis. Increased risk was also demon-
strated in concrete finishers (HR 1.93) and
shipping and receiving clerks (HR 1.21), in
contrast to groups of woodworkers whose
results were variable. Decreased risks were found
among nursing and farming groups. This large
study was innovative in that it utilized purely
administrative data. The authors were able to
find connections between asthma and different
occupations that would be impossible with a
less comprehensive dataset [13].

COPD

As discussed previously, the occupational PAF is
estimated at 14% and 13% for COPD and
chronic bronchitis, respectively [8]. The Faces of
Work-related COPD video series published in
2019 by the US National Occupational Research
Agenda (NORA) provides useful information on
causes, presentation, treatment and impact on
patient quality of life of work-related COPD,
available at: https://www.cdc.gov/nora/
councils/resp/FacesCOPD.html.

Lytras et al. [14] examined chronic bronchi-
tis specifically through a retrospective analysis
of disease incidence, symptoms and exposure
history. Chronic bronchitis (CB), defined by
cough and phlegm production for most days for
at least 3 months annually for two or more
consecutive years, is an important COPD-re-
lated phenotype and has distinct clinical

features and prognostic implications. CB risk
has previously been associated with occupa-
tional exposures, but few studies have evaluated
this association prospectively with objective
assessments of exposure. Investigators in this
study examined the effect of occupational
exposures on CB incidence in the European
Community Respiratory Health Survey. They
randomly selected population samples aged
20-44 years in 1991-1993, and follow-up
occurred twice over a 20-year period. Partici-
pants without baseline chronic cough or
phlegm were analyzed prospectively. Coded job
histories during follow-up were linked to a job
exposure matrix. Then, occupational exposure
estimates to 12 chemical agent categories were
generated. A total of 8794 participants met
inclusion criteria and contributed 13,185 total
observations. Only participants who were
exposed to metals had a higher incidence of CB
(relative risk [RR] 1.7) compared with those not
exposed to metals. Occupations involving any
exposure to metals in the study included jobs
such as motor vehicle mechanics, other
machinery engineers and technicians, plumbers
and pipefitters. Although metals are a hetero-
geneous category of exposure, one metal in
particular, i.e., vanadium, present in steel and
in fossil fuels, has both occupational epidemi-
ologic and experimental evidence of an associ-
ation with bronchitis. Mineral dust exposure
similarly increased the incidence of chronic
phlegm (RR 1.7). Occupations involving min-
eral dust exposure include truck and lorry dri-
vers, and helpers/cleaners in offices, hotels and
other establishments. Incidence of chronic
phlegm was found to be increased in men
exposed to gases/fumes and to solvents, and in
women with exposure to pesticides. The
strengths of the study include prospective
design, long follow-up of 20 years and a large
population size. The study demonstrates that
occupational exposures are associated with
chronic phlegm and CB, with the strongest
evidence being for exposure to metals and
mineral dust [14].

An important way to mitigate incidence of
work-related COPD is to determine which
occupations are at greatest risk. Utilizing the UK
Biobank cohort, De Matteis et al. [15] evaluated
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an estimated 100,000 individuals with complete
spirometry results and job histories to deter-
mine which professions were most at risk for
developing COPD. Because of the unprece-
dentedly large sample size, the researchers were
able to include only never-smokers (a positive
tobacco smoking history was the largest con-
founder identified). Among never-smokers, they
found six occupation categories to be at highest
risk: “sculptor, painter, engraver, art restorer”;
“gardener, groundsman, park keeper”; “food,
drink and tobacco processor”; “plastics proces-
sor, moulder”; “agriculture, and fishing occu-
pations not elsewhere classified”; and
“warehouse stock handler, stacker.” Further-
more, these associations were confirmed among
never-asthmatics as well. This information can
aid in the development of focused preventive
strategies in targeted occupations to reduce
work-related COPD development [15].

CAUSATION AND DIAGNOSIS
OF OCCUPATIONAL LUNG DISEASE

Diagnosis of OLDs may be difficult due to a
challenge in determining causation. For
instance, work-related and non-work-related
asthma may be clinically indistinguishable from
one another, in the absence of a carefully taken
occupational history and confirmatory data.
Diagnosis of OLD must therefore rely upon
interpreting the occupational history and con-
firmatory data in relation to the epidemiologic
evidence of an association between a particular
causative agent in the workplace and a partic-
ular pulmonary pathology. Disease causation
may, however, be confounded by co-exposures.
An example would be that of COPD in a miner
co-exposed to smoking. Epidemiologic evidence
shows that smoking coal workers have higher
rates of and more severe COPD than do tobacco
smokers who are not coal workers or coal
workers who are not smokers, implying an
additive effect of dust and smoking on risk for
COPD [16]. Sometimes, the co-exposures may
be environmental, and involve large segments
of the working and non-working population.
For example, both environmental and occupa-
tional exposure to asbestos is a relevant health

problem in Turkey, a country with high rates of
exposure to naturally occurring asbestos [17.
This could logically extend to many types of
occupational exposures beyond asbestos, and
surveillance systems must be adequately aware
of risks in order to be able to assess them.
Another common difficulty is the confusion
regarding the level of certainty required to
establish causation—usually > 50%, as opposed
to > 95% used in scientific research [18]. In
addition to the strength of epidemiological
association, the cardinal principles that are
considered in determining causation include
the latency, intensity and duration of exposure,
as obtained by a careful occupational history
[18]. The foundation of objective confirmation
of OLD is spirometry. In 2019, the American
and European respiratory organizations issued
new guidelines regarding the use and interpre-
tation of spirometry. This represented a funda-
mental change to various aspects of how
spirometry was used and interpreted, changing
the criteria for test acceptability and for grading
test quality, and introducing the new concept
of usability of test [19].

PREVENTION AND TREATMENT
OF OCCUPATIONAL LUNG DISEASE

OLDs are typically treated by primary care pro-
viders, occupational medical physicians and/or
pulmonologists. Acute-onset diseases may
resolve on their own, once the employee is
removed from the offending exposure. Chronic
diseases are often indolent, often with a latency
period, and show a slow progression over many
years or decades. Often, by the time of diagno-
sis, many pulmonary conditions have suffi-
ciently progressed so that the most effective
treatments are symptomatic.

Treatments for OLDs are largely the same as
that for non-OLDs. For instance, occupational
and non-occupational asthma are similarly
treated with inhaled bronchodilators, inhaled
corticosteroids, mast cell stabilizers, among
other common medications. Asthma does have
effective treatments, although no cure. Other
diseases also have treatments, but the effec-
tiveness of these treatments may be to slow
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progression or treat symptoms, but they are not
disease-modifying. For instance, occupational
COPD is treated like non-occupational COPD
with modalities such as supplemental oxygen,
outpatient pulmonary rehabilitation, vaccina-
tions, lifestyle changes with exercise and diet,
medications and surgical interventions such as
lung transplantation or lung volume reduction.
Some progressive fibrotic diseases, for instance,
have recently developed anti-fibrosis treat-
ments, such as the tyrosine kinase inhibitor
nintedanib, that may help mitigate lung func-
tion decline [20]. However, even with such
treatments, these diseases will typically progress
over time and lead to significant mortality.
Because of difficulties in treatment, preventing
OLD remains the most effective strategy.

Most surveillance programs use symptom
questionnaires, spirometry and/or chest radio-
graphs classified using the International Labor
Organization Classification of Chest Radio-
graphs for Pneumoconiosis (i.e., B-reads). Can-
cers of the lung and pleura are diseases for
which computed tomography (CT) screening
programs are in place to catch disease early.
These screening programs are in line with the
current professional guidelines to perform
yearly CT lung scans to screen for lung cancer in
“asymptomatic adults aged 55-80 years who
have a 30 pack-year smoking history and cur-
rently smoke or have quit smoking within the
past 15 years” [21]. Although large studies on
occupational cohorts have not been performed,
high-risk workers may be similarly screened.

Unfortunately, one hurdle to overcome is
identifying who is at risk for OLD in the first
place. This comes down to identifying haz-
ardous exposures in places they may not have
previously been recognized, and identifying
those who might be predisposed to having an
adverse response from an exposure. Researchers
have therefore examined niche industries or
looked more closely at occupations where dis-
ease outbreaks have been observed in order to
uncover unknown exposures. More scientifi-
cally advanced approaches, such as gene anal-
ysis, are being wused to identify workers
potentially at greater risk than others from a
particular hazard.

ECONOMIC CONSEQUENCES
OF OCCUPATIONAL LUNG DISEASE

OLDs place a significant economic burden upon
workers, employers, insurers and the general
population. Although removal from the work-
place exposure may help improve or resolve
OLD, removal from work may not always be
practical. It is difficult to ask someone who has
made a career in a certain field to suddenly alter
the course of their life and choose another
profession. The consequences of these are wide-
ranging, affecting sense of personal worth,
intimate relationships, social circles and finan-
ces. In recognition of the economic impacts
that OLDs can have, several remedies have been
put in place. In addition to government work-
ers’ compensation programs, government pro-
grams aimed at restituting workers in certain
industries have been established. This includes
special compensation and healthcare provision
for workers exposed to coal, uranium, radiation
and other harmful workplace exposures.

There are currently efforts to keep the
growing numbers of older workers in employ-
ment. Strategies meant to achieve this goal face
the challenge of making provisions for the
increasing prevalence of COPD with age. Scho-
field et al. [22] presented findings of the first
longitudinal study of the impact of COPD on
subsequent economic activity. Investigators
recruited men and women in their 50s who
were employed full-time and followed them for
18 months. Of the participants who responded
to the follow-up questionnaire (1656 of 1773
[93%]), the majority (78.5%) continued in full-
time employment, 10.6% were part-time
employees and 10.9% were no longer in paid
employment. There was an increased adjusted
risk of loss of employment for respondents who
had spirometrically defined moderate or severe
COPD (risk ratio 2.9) or self-reported breath-
lessness (risk ratio 3.1) at baseline. Sex or man-
ual/nonmanual work was not found to modify
this risk. This study demonstrated that in older
workers, airway obstruction and breathlessness
are independently associated with premature
loss from the workforce. The prospective design
lends strong support to the association being
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casual. The authors felt that the results of this
study pose important questions and challenges
for policy makers. This includes determining
how to enable those with COPD and with sig-
nificant breathlessness to remain economically
active. In this study population, the pension-
able age in the country under study was on
average 10 years above the average age of those
in the study who dropped out of the workforce.
This indicates the existence of a need to evalu-
ate interventions that are aimed at retaining
individuals with COPD in work [22].

Algamdi et al. [23] similarly looked at the
economic impact of fibrotic interstitial lung
diseases (ILDs), including workplace productiv-
ity loss and the associated costs. The researchers
used the Work Productivity and Activity
Impairment questionnaire in patients in the six-
center Canadian Registry for Pulmonary Fibrosis
(CARE-PF) and compared them to Canadian
population census data. A total of 148 out of
650 eligible patients were employed. Of the
employed patients, productivity loss was
reported by 55%. An average productivity loss
of 7.8 £ 0.9 h per week was found. Presenteeism
accounted for the majority of this loss
(5.5+0.6h per week), while absenteeism
accounted for a smaller proportion (2.3 £ 0.6 h
per week) [23]. This study demonstrates the
significant economic impact of fibrotic inter-
stitial lung diseases.

CONCLUSION

A substantial occupational burden exists for
multiple respiratory conditions, with clinical,
policy and research implications. There is an
urgent need to increase clinical recognition and
public health awareness of OLDs. Increased
attention should be directed toward reducing
OLD burden through identification and imple-
mentation of effective preventive strategies. For
this to happen, it is imperative that policy
makers across the globe, especially those who
establish regulatory standards and oversee their
enforcement, reevaluate protections currently
in place for workers exposed to recognized
inhalational hazards. Additionally, LMICs can
learn from the experience of more economically

advanced countries and vice versa, and imple-
ment protections known to prevent OLDs and
protect worker health. Medical research must
continue to elucidate the pathogenesis of OLDs
while continuing to examine once-overlooked
parts of the world and occupations that have
been poorly studied. Advances in genetic
research and the understanding of gene-envi-
ronment interactions and the epigenome are
opening up fields of study that may help bring
about advances in prevention and more focused
treatments. Standards concerning how tests are
performed and results are interpreted continue
to change based upon experience and under-
standing of disease etiology, progression and
management. As science advances, emerging
technologies pose new potential risks to work-
ers. There should be an increased focus on work
with nanotechnology, in the aerospace industry
and mobile technologies. Drawing upon current
knowledge, we may be able to avert potential
complications from new occupational hazards
and prevent a recurrence of mistakes from being
made in parts of the world that are just now
adopting technologies and industries that are
familiar to more economically advanced areas
of the world.
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