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AMERICAN THORACIC SOCIETY
DOCUMENTS

The Occupational Burden of Nonmalignant Respiratory Diseases
An Official American Thoracic Society and European Respiratory Society
Statement
Paul D. Blanc, Isabella Annesi-Maesano, John R. Balmes, Kristin J. Cummings, David Fishwick, David Miedinger,
Nicola Murgia, Rajen N. Naidoo, Carl J. Reynolds, Torben Sigsgaard, Kjell Torén, Denis Vinnikov, and Carrie A. Redlich;
on behalf of the American Thoracic Society and European Respiratory Society

THIS OFFICIAL STATEMENT WAS APPROVED BY THE AMERICAN THORACIC SOCIETY MAY 2019 AND THE EUROPEAN RESPIRATORY SOCIETY MARCH 2019

Rationale:Workplace inhalational hazards remain common
worldwide, even though they are ameliorable. Previous American
Thoracic Society documents have assessed the contribution of
workplace exposures to asthma and chronic obstructive pulmonary
disease on a population level, but not to other chronic respiratory
diseases. The goal of this document is to report an in-depth literature
review and data synthesis of the occupational contribution to the
burden of the major nonmalignant respiratory diseases, including
airway diseases; interstitial fibrosis; hypersensitivity pneumonitis;
other noninfectious granulomatous lung diseases, including
sarcoidosis; and selected respiratory infections.

Methods: Relevant literature was identified for each respiratory
condition. The occupational population attributable fraction (PAF)
was estimated for those conditions for which there were sufficient
population-based studies to allow pooled estimates. For the other
conditions, the occupational burden of disease was estimated on the
basis of attribution in case series, incidence rate ratios, or attributable
fraction within an exposed group.

Results:Workplace exposures contribute substantially to the burden
of multiple chronic respiratory diseases, including asthma (PAF, 16%);
chronic obstructive pulmonary disease (PAF, 14%); chronic bronchitis
(PAF, 13%); idiopathic pulmonary fibrosis (PAF, 26%); hypersensitivity
pneumonitis (occupational burden, 19%); other granulomatous diseases,
including sarcoidosis (occupational burden, 30%); pulmonary alveolar
proteinosis (occupational burden, 29%); tuberculosis (occupational
burden, 2.3% in silica-exposed workers and 1% in healthcare workers);
and community-acquired pneumonia in working-age adults (PAF, 10%).

Conclusions:Workplace exposures contribute to the burdenof disease
across a range of nonmalignant lung conditions in adults (in addition to
the 100% burden for the classic occupational pneumoconioses). This
burden has important clinical, research, and policy implications. There
is a pressing need to improve clinical recognition and public health
awareness of the contribution of occupational factors across a range of
nonmalignant respiratory diseases.

Keywords: occupational; workplace; nonmalignant respiratory diseases;
interstitial fibrosis; sarcoidosis; respiratory infections; pneumonitis
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Overview

Occupational exposures are important,
frequently overlooked, and modifiable
contributors to the burden of respiratory
disease. Quantifying the occupational
contribution to this disease burden is critical
to preventing disease and improving lung
health. To date, the question of the
occupational burden in respiratory disease
at the population level has been addressed
primarily in relation to asthma and chronic
obstructive pulmonary disease (COPD).
This document reviews and synthesizes
existing data to quantify the occupational
contribution to the burden of nonmalignant
respiratory diseases across a range of
conditions frequently unrecognized as
potentially work related.

Key Conclusions
d A substantial evidence base indicates that

the contribution of inhalational
workplace hazards to the burden of
nonmalignant lung diseases is
substantial.

d Conditions for which the estimated
occupational burden is 10% or more
include asthma, COPD, chronic
bronchitis, idiopathic pulmonary
fibrosis (IPF), hypersensitivity
pneumonitis (HP), other noninfectious
granulomatous lung diseases (including
sarcoidosis), pulmonary alveolar
proteinosis (PAP), and community-
acquired pneumonia (CAP).

d These findings highlight the need for
greater awareness that work exposures
contribute substantially across a range of
respiratory diseases.

d Strategies are needed to improve the
recognition and prevention of the
substantial occupational burden of
nonmalignant respiratory diseases.

Introduction

Inhalation of vapors, gas, dust, or fumes
(VGDF) in the workplace is common
worldwide, and occupation is an important
global contributor to the burden of
respiratory disease (1). For asthma and
COPD, the contribution of workplace
exposures has been a particular focus of
attention in previous American Thoracic
Society (ATS) policy statements (2–4).
Occupational exposures also contribute to

the disease burden in a number of other
conditions, including interstitial disease
diagnosed as IPF, HP, other noninfectious
granulomatous lung diseases such as
sarcoidosis, other interstitial lung diseases,
and selected respiratory infections (5–9).

We synthesized data from multiple
sources to quantify the occupational
contribution to the burden of nonmalignant
respiratory disease. The occupational burden
in thoracic cancer (lung and pleura) has been
well characterized elsewhere (10–12). Of
note, the classic pneumoconioses (including
silicosis, coal workers’ pneumoconiosis, and
asbestosis) remain an important, unabating
global health problem that is not addressed
in this document because the occupational
contribution to these conditions is essentially
100%. That does not detract, however, from
their public health importance.

In this statement, we assess the
occupational burden in four categories of
respiratory conditions: airway disease
(asthma, COPD, and chronic bronchitis),
interstitial lung disease (IPF as well as PAP
and other uncommon interstitial diseases),
granulomatous processes (HP and other
noninfectious granulomatous diseases,
including sarcoidosis), and selected
respiratory infections (tuberculosis [TB] and
CAP).

Methods

We searched the PubMed and Embase
databases from their respective start dates
throughDecember 31, 2017, unless otherwise
noted. A supplemental literature search was
conducted covering January to September
2018. The search strategies, including start
dates, rationale, and search terms, are shown
in Table E1 in the online supplement. For
asthma, COPD, and chronic bronchitis,
searches took into account the previous ATS
reports (2–4) and additional reviews
(13–20). We also reviewed reference
citations in identified publications to identify
relevant papers. Except when stated
explicitly, all data were population based and
were not limited to a specific industry or
exposure. For asthma, COPD, chronic
bronchitis, and IPF, we estimated the
occupationally related population
attributable fraction (PAF) reported by or
derived from case–control and cohort
studies. When needed, we calculated the
PAF using the odds ratio (OR) and

proportion of cases exposed [PAF =
pc(OR2 1)/OR, where pc is the proportion
of cases exposed] (3). We limited the
analysis of asthma to incident data. For PAP,
HP, and sarcoidosis, we extracted data from
cases series in which the proportion of
occupationally related cases was available.
For TB, we used World Health Organization
and World Bank databases (21–23) for data
on country-specific general population rates
to estimate relative disease incidence by
occupation. For CAP, we examined both
PAF estimates and, within exposure cohorts,
the attributable fraction (AF). We pooled
published or derived PAF values (asthma,
COPD, chronic bronchitis, and interstitial
lung disease) and the occupationally
attributable burden (PAP, HP, and
sarcoidosis) to obtain weighted summary
estimates using the metaproportion
command in Stata 14.2 software (StataCorp).
We used the exact method to compute the
95% confidence interval (CI) for each pooled
estimate. Because we recognized that the
heterogeneity among the studies was high,
we calculated the pooled PAF or proportion
using random effects modeling with case
numbers informing the weights. We also
estimated statistical heterogeneity using the
I2 statistic, which in each case was consistent
with high heterogeneity, as we expected
(values not presented). We also calculated
the pooled estimate excluding the highest
and lowest values in the group, as well as
calculating the median of the observed PAF
or occupational burden values. For TB and
CAP, we did not calculate weighted pooled
values, limiting summary data to the median
values among the estimates considered. For
consistency, we use the term “occupational
burden” across the various disease outcomes
analyzed, even though in some cases the
burden was derived from PAF estimates,
whereas in others the burden was derived
from attribution in case series, incidence rate
ratios (IRRs), or AF within a group.

Occupational Burden of
Asthma Incidence

Work-related asthma is now the most
commonly reported work-related respiratory
disorder in many industrialized countries.
Work-related asthma comprises occupational
asthma, defined as asthma “caused” by
the workplace, and work-exacerbated
(or aggravated) asthma, meaning preexisting
asthma with work-related worsening (24).
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Cross-sectional (prevalence) studies have
dominated previous estimates of the
occupational burden of disease. To build on
earlier estimates, we limited our search to
longitudinal, population-based studies that
reported incident asthma and occupational
risk factors.

We identified nine studies with
longitudinal data relevant to occupation and
incident asthma for inclusion (25–33)
(Table 1). Of these, six had been included in
a previous review (20), including a study of
Israeli military recruits (over 95% of the
Jewish male population aged 18 yr) exposed
across a range of vocations (30). Three
newer studies have been published since
the previous review (20). One study
investigating asthma incidence among
persons aged 13–44 years in Tasmania
(Australia) reported a high cumulative
incidence of asthma (37%) with a work-
related job exposure matrix (JEM)-based
PAF of 10% (26). A second study, using the
RHINE (Respiratory Health in Northern
Europe) adult study population aged 20–44
years, estimated a JEM-based PAF for
occupation of 14% for males and 7% for
females (28). A later reanalysis using a
different JEM arrived at similar estimates
(13% and 8% for males and females,
respectively) (34). A third longitudinal
study analyzed data from the United

Kingdom. 1958 birth cohort limited to
those without asthma by age 16 with later
follow-up through age 42 (29). Using a JEM
to assess exposure risk, the overall
occupational PAF was 16%, with wide
confidence intervals (95% CI, 3.8–27.1%).

Pooling data from all nine studies
yielded an estimated PAF for the
occupational contribution to incident
asthma of 16% (95% CI, 10–22%) (Figure 1),
which is comparable to prior estimates (2).
Overall, longitudinal data from which
inferences can be drawn on the occupational
burden of incident asthma are limited. Of
note, the studies considered were largely done
in developed economic settings. Sex-stratified
longitudinal data are even more limited; we
identified only two such analyses, both with
lower PAF estimates for women than for men.

Occupational Burden of
COPD and Chronic Bronchitis

Seven reviews published since the 2003 ATS
statement (3, 13–16, 18, 19) identified
33 papers relating to the occupational
contribution to COPD or chronic bronchitis.
Of note, two of these found a median PAF for
the occupational contribution to COPD of 15%
(13, 15); one meta-analysis estimated a pooled
OR of 1.43 for COPD related to VGDF

exposures (18), whereas another meta-analysis
observed minimal excess risks (1.04–1.15) for
separate JEM-defined exposures (16). The
additional literature search for publications
published between 2014 and 2017 identified a
further 15 relevant citations not among the 33
included in the reviews noted above.

We retained population-based studies
that included a range of potential occupations
or case–control studies that clearly reflected
the general population. Studies were excluded
if they lacked a clear definition of the disease
endpoint (e.g., either COPD or chronic
bronchitis) or when key data were missing
(e.g., studies not presenting the number of
subjects exposed that would have allowed for
a PAF calculation). When a study reported
multiple endpoints or measures of exposure,
we preferentially considered risk estimates for
COPD defined by spirometry (using lower
limit of normal, if reported) over self-reported
COPD, and, similarly, we considered JEM-
defined risk over self-reported exposure. In
studies stratified by smoking status, the ever-
smoking stratum was the one used in the
pooled analysis of PAF. When data from
a never-smoking stratum were available (in
some cases the entire cohort analyzed), we
used these in a separate pooled analysis of
PAF among never-smokers. Results presented
only in a stratified manner (e.g., by sex) were
considered as separate estimates of risk.

Table 1. Longitudinal Population-based Studies of Occupational Risk for Asthma

First Author, Year,
Location (Reference) Study Type

Incident Cases
(n [Total Population]) Definition of Exposure PAF (%)

Katz, 1999, Israel (30) Population follow-up ages
18–21 yr at baseline

588 (59,058) Military exposure combat or
maintenance vs. clerical

44

Karjalainen, 2001, Finland (31) Population follow-up ages
25–59 yr at baseline

49,575 (1,852,848) Work-related compensation 22

Eagan, 2002, Norway (25) Population follow-up ages
15–70 yr at baseline

101 (2,723) Self-reported dust and fume
exposure at baseline

14

LeVan, 2006, Singapore (27) Population follow-up ages
13–44 yr at baseline

1,426 (52,325) Occupations exposed to dust,
smoke, or vapors

8.6

Kogevinas, 2007,
international (32)

Population follow-up ages
20–44 yr at baseline

133 (6,837) Exposure to high-risk
substances by JEM

11

Hedlund, 2006, Sweden (33) Population follow-up ages 36–37,
50–52, and 66–67 yr at baseline

271 (5,933) Blue collar industrial
workers vs. others

9

Lillienberg, 2013,
international (28)

Population follow-up in RHINE
population ages 20–44 yr at
baseline

129 males (5,933) Exposure to high-risk
substances by JEM

14
286 females (6,253) 7

Hoy, 2013, Australia
(Tasmania) (26)

Population follow-up ages 13–44 yr
at baseline

290 (792*) Exposure to high-risk
substances by JEM

10

Ghosh, 2013, UK (29) Population follow-up of birth
cohort up to age 42 yr

611 (7,088†) Any asthma JEM .0 16.3

Definition of abbreviations: JEM = job exposure matrix; PAF = population attributable fraction; RHINE = Respiratory Health in Northern Europe; UK =United
Kingdom.
The pooled estimated PAF for the occupational contribution to incident asthma was 16% (95% confidence interval, 10–22%).
*Subjects with asthma at baseline excluded.
†Total before subjects with childhood asthma were excluded.
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We included 26 studies to estimate the
contribution of occupational exposures to
the burden of COPD (35–60) and 7 for the
contribution to chronic bronchitis (39, 40,
50, 51, 61–63). Table 2 summarizes the 26
COPD studies considered, including 28
estimates of risk (taking into account sex-
stratified data). The pooled PAF for the
occupational contribution to the burden of
COPD (including cohorts with mixed
smoking status, adjusted for smoking) was
14% (95% CI, 10–18%) (Figure 2). The
occupational PAF for COPD among never-
smokers (not shown in table), estimated
from six studies including stratified data
(35, 47, 51, 64–66), yielded a pooled PAF of
31% (95% CI, 18–43%).

Table 3 summarizes the seven chronic
bronchitis studies used (eight estimates
of risk). The pooled PAF for chronic
bronchitis was 13% (95% CI, 6–21%)
(Figure 3). Only two studies allowed
estimation of the occupational PAF for
chronic bronchitis among never-smokers,
yielding values of 8.3% (51) and 12% (67).
Several publications excluded from the tables
nonetheless warrant mention. Accelerated
annual decline in FEV1 in males with early

COPD was observed in association with
occupational exposures (68). An ecological
analysis of three large international studies
estimated a 0.8% increase in COPD
prevalence per 10% increase in occupational
exposures, taking into account the
concomitant prevalence of smoking (43).
Several large population-based studies have
addressed the association between various
occupations and COPD (11, 69, 70). Also of
note, other researchers have investigated large
occupational cohorts, including construction
workers exposed to dust (71, 72).

In summary, an impressive body of
new data on the occupational burden of
COPD, and to a lesser degree chronic
bronchitis, has been published since the
original 2003 ATS statement. In aggregate,
participant numbers are large and
international in scope. The pooled estimates
of the occupational PAF of 14% for COPD
and 13% for chronic bronchitis are in line
with those of the previous ATS statement
and interval reviews. Moreover, the higher
occupational PAF for COPD among never-
smokers (31%) suggests that occupational
exposures contribute more substantially to
the burden of COPD in nonsmokers.

Occupational Burden of IPF

IPF is a diagnosis of exclusion made in the
presence of a usual interstitial pneumonia
pattern on biopsy or with a consistent
appearance on a high-resolution computed
tomographic scan. The IPF diagnosis presumes
that known causes of interstitial lung disease
have been excluded (e.g., drug toxicity;
connective tissue disease; and domestic,
occupational, or environmental exposures)
(73). Therefore, studies of cohorts with a
diagnosis of IPF presumably already exclude
persons with a recognized occupational cause
of fibrosis, such as asbestosis.

We identified four reviews of
occupational exposures in IPF (5, 74–76)
that collectively included 10 relevant
case–control studies. One of these, a
meta-analysis of six studies, reported a PAF
for several exposure categories ranging from
3.5% (silica) to 20% (agriculture) (5). Adding
more recent citations (n = 5), we identified a
total of 15 relevant case–control studies
addressing the question of occupational
exposures associated with IPF (77–91). Four
of the 15 publications were not included in
our PAF estimates: one because data were

Lillienberg et al., females (2013) 0.07 (0.06, 0.08) 10.01

10.03

10.01

9.88

10.01

9.99

10.01

10.01

10.03

10.03

100.00

ES (95% Cl)Study

%

Weight

0.09 (0.08, 0.09)

0.09 (0.08, 0.10)

0.10 (0.08, 0.12)

0.11 (0.10, 0.12)

0.14 (0.13, 0.15)

0.14 (0.13, 0.15)

0.16 (0.15, 0.17)

0.22 (0.22, 0.22)

0.44 (0.44, 0.44)

0.15 (0.09, 0.22)

Hedlund et al. (2006)

Hoy et al. (2013)

Kogevinas et al. (2007)

Eagan et al. (2002)

Lillienberg et al., males (2013)

Karjalainen et al. (2001)

Katz et al. (1999)

Overall (l^2 = 99.96%, p = 0.00)

0 .25 .5 .75

LeVan et al. (2006)

Ghosh et al. (2013)

Figure 1. Asthma: population attributable fraction (PAF). Forest plot of studies relevant to estimating the occupational contribution to asthma. The
estimated PAF, confidence interval (CI), and weighted contribution for each study, as well as the calculated pooled estimate (red dashed line) and 95% CI,
are shown. For asthma, the pooled PAF for work exposures is 16% (95% CI, 10–22%). ES = effect size.
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not available on the proportion of cases with
specific occupational exposures (78), two
because of methodological issues in exposure
assignment (85, 86), and one because of
overlap with an included study (90). We
initially included one publication that
appeared in abstract form only (92), because
we were aware that the full paper was
forthcoming (89). The remaining 11
case–control studies provided data
permitting analysis of occupational
exposures in five exposure categories:
VGDF, metal dust, wood dust, silica dust,
and agricultural dust. For the IPF analysis,
VGDF represents an inclusive category
combining any of multiple exposures,
defined variously by each study.

Thirty-nine risk estimates from 11
studies (1,229 IPF cases in total) contributed

to these pooled PAF estimates (Table 4) (77,
79–84, 87, 88, 91, 92). The burden of each
pooled exposure type was based on 5–11
individual risk estimates (Table 5). The
pooled OR for agricultural work (five
studies) was elevated but not statistically
significant (OR, 1.6; 95% CI, 0.8–3.0), with
a PAF of 4%. The pooled ORs for each of
the remaining exposure categories were
elevated and statistically significant. These
pooled PAFs were as follows: silica (3%),
wood dusts (4%), metal dusts or fumes
(8%), and VGDF (26%). A forest plot for
the estimates for VGDF, the broadest
exposure category, is presented in Figure 4.

In summary, our findings suggest
that occupational exposures contribute
substantially to the burden of disease
otherwise considered idiopathic and labeled

“IPF.” It is also interesting to note that
in one Korean study, patients with IPF
who had been occupationally exposed to
dust had earlier onset of disease and
worse prognosis (93). A major challenge
in assessing the occupational burden of IPF
disease is differentiating between disease
misclassification (e.g., chronic HP or one of
the classic pneumoconioses [e.g., asbestosis,
silicosis] misdiagnosed as IPF) and a
causative role of work exposures in usual
interstitial pneumonia–like processes.
Another important challenge is exposure
misclassification, especially when estimating
chronic inhalational work exposures over
many years. For example, asbestos exposure
was common in metal and wood industries
and could have contributed to these
exposure-associated PAFs for IPF.

Sunyer et al. (males) (2005)

ES (95% Cl)Study

0.00 (0.00, 0.00)

0.00 (0.00, 0.02) 3.45
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Sinha et al. (2017)
Toren et al. (2017)

Doney et al. (2014)

Melville et al. (2010)
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Figure 2. Chronic obstructive pulmonary disease (COPD): population attributable fraction (PAF). Forest plot of studies relevant to estimating the
occupational contribution to COPD. The estimated PAF, confidence interval (CI), and weighted contribution for each study are shown, as well as the
calculated pooled estimate (red dashed line) and 95% CI. For COPD, the pooled PAF for work exposures is 14% (95% CI, 10–18%). ES = effect size.
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Occupational Burden of
PAP and Other Interstitial
Lung Diseases

PAP has been categorized as primary
(idiopathic), secondary, or congenital (94, 95).
Primary PAP involves autoantibodies to
granulocyte–macrophage colony–stimulating
factor (94); secondary PAP is attributed to a
variety of occupational exposures, most
notably silica (96–108). Cases of autoimmune
PAP have been reported in occupationally
exposed persons (98, 99, 109–111).

We included 29 relevant publications
since 1958 subsuming 1,539 PAP cases
(with a range of 10–241 cases per series)

(112–140), excluding overlapping reports
(141–144). The reported occupational
exposure prevalence ranged from 0% to
67%, with a pooled prevalence of 29%
(95% CI, 21–37%) (Table 6). A range of
exposures was reported, including vapors
or gases (cleaning fluids, gasoline,
hairspray, paint, and pesticides), inorganic
dusts (asbestos, cement, chalk, coal, glass
fiber, and silica), organic dusts (cotton,
flour, wood, and wool), and metal dusts or
fumes (aluminum, copper, indium, iron,
and zirconium). Among 19 publications
that specifically reported on silica (786 PAP
cases), the exposure prevalence ranged
from 0% to 22%, with pooled prevalence

of 5% (95% CI, 2–8%) (112, 114–120,
124–127, 129, 133, 135–137, 139, 140).
Among the five publications describing 345
autoimmune PAP cases, occupational
exposure prevalence ranged from 26% to
55% (121, 132, 133, 139, 141).

Although PAP has a more robust
literature relevant to the occupational
burden of disease, there are a number of
other respiratory syndromes in which
occupational associations have been
observed in disease outbreaks, in certain
work settings, or after suspect exposures
(142, 145–161). Table E2 provides selected
examples of these reported associations,
which include bronchiolitis and the

Table 3. Population-based Studies of Occupational Risk for Chronic Bronchitis

First Author, Year,
Location (Reference) Study Type and Population Total (N) Cases (n) Exposure PAF (%)

Montnémery, 2001, Sweden (61) Population based 8,469 390 Self-reported 11.0
Lange, 2003, Denmark (62) Population based 3,736 602 Self-reported 16.0
Sunyer, 2005, international (39) Population based (longitudinal),

males
3,951 273 VGDF by JEM 15.0

Sunyer, 2005, international (39) Population based (longitudinal),
females

4,312 250 VGDF by JEM 0.0

Jaén, 2006, Spain (40) Population based 576 69 Self-reported 29.4
Doney, 2014, USA (51) Population based 3,508 280 Self-reported

(severe exposure)
23.1

Hansell, 2014, New Zealand (50) Population based 1,017 86 JEM (high exposure) 13.1
Axelsson, 2016, Sweden (63) Population based 1,172 84 Self-reported 8.6

Definition of abbreviations: JEM = job exposure matrix; PAF = population attributable fraction; USA =United States; VGDF = vapors, gas, dust, or fumes.
The pooled PAF for the occupational contribution to chronic bronchitis was 13% (95% confidence interval, 6–21%).

Study
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Weight
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Figure 3. Chronic bronchitis: population attributable fraction (PAF). Forest plot of studies relevant to estimating the occupational contribution to chronic
bronchitis. The estimated PAF, confidence interval (CI), and weighted contribution for each study are shown, as well as the calculated pooled estimate (red
dashed line) and 95% CI. For chronic bronchitis, the pooled PAF for work exposures is 13% (95% CI, 6–21%). ES = effect size.
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flavoring chemical diacetyl; cryptogenic
organizing pneumonia and textile dye
(“Ardystil syndrome”); and diffuse
pulmonary hemorrhage and trimellitic
anhydride (142, 145–161).

Occupational Burden of HP
(Extrinsic Allergic Alveolitis)
and Other Granulomatous
Lung Diseases, Including
Sarcoidosis

We synthesized data from 15 relevant
publications for HP, the earliest paper
dating from 1983 (see Table 7). We
excluded case series limited to a single
avocation or occupation (e.g., bird fanciers
or machinists) (162, 163), if there were

insufficient data to determine the
proportion due to an occupational exposure
(164), or if there were overlapping cases
(165) that were included in another
publication (166). The studies included
(166–180) were all case series (or registries),
except for one case–control design (167),
but used variable criteria for diagnosing HP
and assessing causation. For the case series,
we considered the work-related cases
within a larger series to represent the
occupational burden of disease. The
estimated occupational burden of disease
(Figure 5) ranged from 0% to 81.3%, with a
weighted metaproportion of 19% (95% CI,
12–28%).

In addition to HP, we also considered the
occupational burden of other noninfectious
granulomatous lung diseases. Inhalation of

beryllium can cause granulomatous lung
disease that mimics sarcoidosis; other
metals have also been associated with
granulomatous responses; and sarcoidosis
prevalence has been reported to be elevated
among various occupational groups,
including firefighters, navy recruits, workers
in the lumber industry, rock or glass wool
workers, salespeople, and World Trade
Center disaster emergency responders (181,
182). Several large case-referent studies of
patients with sarcoidosis who were not
beryllium sensitized have found that
occupational exposures to organic dusts,
bioaerosols, and metals increased risk of
sarcoidosis (183–185). A study of
sarcoidosis prevalence in Switzerland found
higher frequencies in regions with metal
industry and intense agriculture (186). In a
large U.S. study using national death
certificate data, sarcoidosis mortality risk
was significantly elevated in association
with metalworking, health care, teaching,
sales, banking, and administration
(181). Mortality data also suggest that
occupational exposures may increase risk
for a more severe sarcoidosis phenotype
(187).

Epidemiological evidence on the
proportion of chronic beryllium disease
misdiagnosed as sarcoidosis is limited
to a few case series (188–192) and one
case-referent study (193). Combining
beryllium-focused studies of sarcoidosis

Table 5. Pooled Population Attributable Fraction Estimates for Occupation and
Idiopathic Pulmonary Fibrosis

Exposure
Risk

Estimates (N)
Pooled OR
(95% CI)

Pooled PAF (%)
(95% CI)

VGDF 6 2.0 (1.2–3.2) 26 (10–41)
Metal dusts 9 2.0 (1.3–3.0) 8 (4–13)
Wood dusts 11 1.7 (1.3–2.2) 4 (2–6)
Agricultural dusts 5 1.6 (0.8–3.0) 4 (0–12)
Silica 8 1.7 (1.2–2.4) 3 (2–5)

Definition of abbreviations: CI = confidence interval; OR = odds ratio; PAF = population attributable
fraction; VGDF = vapors, gas, dust, or fumes, which represent all the other exposure categories
shown combined and, in selected studies, additional exposures as well.
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Figure 4. Idiopathic pulmonary fibrosis (IPF): population attributable fraction (PAF) from vapors, gas, dust, or fumes (VGDF). Forest plot of studies relevant
to estimating the occupational contribution to IPF of VGDF (combined categories of exposure considered in the studies included). The estimated PAF,
confidence interval (CI), and weighted contribution for each study are shown, as well as the calculated pooled estimate (red dashed line) and 95% CI. For
IPF, the pooled PAF for VGDF is 26% (95% CI, 10–41%). ES = effect size.
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with other studies that estimated
occupational risk, we identified seven
studies to use to estimate the occupational
burden of sarcoidosis (Table 8) (181, 183,
184, 188–190, 193). The pooled estimated
occupational proportion of sarcoidosis
ranged from 0% to 54%, with a weighted
metaproportion of 30% (95% CI, 17–45%).

Occupational Burden of TB
and CAP

Certain occupational groups are at increased
risk for TB infection or bacterial CAP. The
occupational burden of these infectious
diseases, however, has been infrequently
quantified (194–197). Searching back to
1990, we identified 9 silica-related and 17
healthcare worker (HCW)-related relevant
studies for inclusion in this analysis
(198–222) (Tables 9 and 10). We excluded
studies that dealt exclusively with latent TB,
did not use diagnostic criteria for TB, or were

reviewed in previous analyses (and thus were
not included in our estimates) (195, 223).

We considered TB in two distinct
occupational risk groups: those exposed
occupationally to silica and those exposed as
HCWs. For TB among the silica exposed,
three U.S. studies and six South African
studies allowed estimation of an occupation-
associated burden of disease (209–217). For
the U.S. studies, the estimated burden ranged
from 3.2% to 4.9%. For the South African
studies using gold miner cohorts, the
occupational burden was estimated by
deriving an IRR for miners relative to
national rates of disease; the median silica-
associated burden was 2.3% (range,
0.8–7.9%) (Table 9). One other estimate of
the occupational burden from an Iranian
study, strikingly higher than all other studies
(36%), was omitted because selection bias
may have been present (224).

As shown in Table 10, we found
little consistency in estimates of the

occupational burden of TB in HCWs. In five
studies, the incidence rate among HCWs was
lower than that of the general population
(200, 202, 203, 218, 219), yielding an estimated
burden of zero. Among those with an
appreciable burden (IRR> 1), the occupational
burden ranged from 0.1% (198) to 8.9% (198).
In one of these studies (221), even though there
was an increased TB IRR overall, this was
accounted for by foreign-born HCWs, and
work-acquired infection was confirmed in only
a handful of cases. Based on all 17 HCW
studies, the overall median estimate was 1.0%
(range, 0–8.9%) (Table 10). A previous review
of TB among HCWs (195) reported similar
occupational burdens of disease among
low– and high–TB incidence countries.

We identified 15 publications relevant
to the occupational burden of CAP. Six were
population-based case–control studies
estimating CAP risk (225–230). Of these,
the earlier of two overlapping publications
from the same Spanish research group was
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Figure 5. Hypersensitivity pneumonitis (HP): occupational burden. Forest plot of studies relevant to estimating the contribution of work exposures to HP.
The occupational prevalence of HP, confidence interval (CI), and weighted contribution for each study are shown, as well as the calculated pooled
estimate (red dashed line) and 95% CI. The pooled proportion of occupational HP among all HP cases is 19% (95% CI, 12–28%). ES = effect size.
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excluded (225), as well as the earlier of two
related publications from Canada (226). The
four remaining case-referent studies (Table 11)
yielded a median PAF of 10% (range, 3–45%)
for the occupational burden of pneumonia.

We identified nine cohort studies
focusing on specific exposures or a single
industry (231–239). Seven estimated risk of
pneumonia in welders or in individuals
with metal fume exposure (231, 232,
235–239); two also estimated risk for
inorganic dusts (231, 232). For metal
fume/welding exposures, the median AF
was 52.5% (range, 38–73%). Four studies
considered risk associated with inorganic
dust (231–234). The AF estimates from
these studies varied widely (Table 11).

Conclusions

This comprehensive literature review and
analysis of nonmalignant respiratory disease

demonstrates a substantial occupational
burden for multiple respiratory conditions
not typically considered potentially work
related (Figure 6). The findings for asthma,
COPD, and chronic bronchitis build on
prior estimates and reinforce the validity
of an occupational PAF in the 15–20%
range. The occupational contribution to
the burden of cases diagnosed as IPF, other
interstitial lung diseases, HP and other
noninfectious granulomatous diseases
(including sarcoidosis), and selected
respiratory infections has not been
estimated previously using an in-depth
literature review and data synthesis
approach.

One limitation of this review is that
we censored study eligibility for the purposes
of data synthesis after December 2017. To
address this potential shortcoming, after
completing the main analyses, we
performed a supplemental literature review

covering January through September 2018,
identifying three additional publications
that would have met criteria for inclusion
to estimate occupational burden, one each
relevant to COPD, chronic bronchitis, and
HP (240–242). All three studies’ results
were consistent with our original findings.
A 20-year longitudinal follow-up study of
3,343 participants of the population-based
European Community Respiratory Survey
found that work exposures, assessed by
JEM, increased the risk of developing
COPD (240). The PAF for VGDF yielded
by the data from this study was 14.1%,
consistent with our estimate. A cross-
sectional study of 5,539 Colombians
reported increased risk of chronic
bronchitis associated with self-reported
VGDF exposure, yielding a PAF of 16.1%
(242), also consistent with our findings.
The final recent publication, a U.S.
retrospective health claim–based study
that estimated the incidence and
prevalence of HP, found that 17.0% of
HP cases had occupational exposure–
associated International Classification of
Diseases codes, also consistent with our
findings (241).

Several other limitations of this in-
depth literature review and data synthesis
should be noted. The literature we identified
was extremely heterogeneous and not
amenable to a formal systematic review
that could apply all of the PRISMA
(Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) criteria.
Thus, we have avoided applying the
label “systematic review” to this analysis.
In particular, we made no attempt to
formally grade publication quality, to
apply methodologic restrictions on
acceptability (beyond limiting the asthma
analysis to prospective studies), or to
weight results (beyond taking into
account study size in pooled estimates).
Study heterogeneity necessitated using
differing approaches (e.g., PAF and
prevalence) to estimate the occupational
contribution to the burden of the various
respiratory conditions.

Study heterogeneity also likely
contributed to the wide range in the
observed values for the estimated occupational
burdens within the conditions we studied. To
better assess this potential limitation, we
also estimated all of the pooled burdens,
excluding the highest and lowest values, as
well as calculating the median rather than the
pooled value. Reanalyses after excluding

Table 6. Occupational Exposures in Pulmonary Alveolar Proteinosis

First Author, Year,
Location (Reference) Exposure Measure Cases (N)

Occupational
Burden (%)

Davidson,1969, international (112) Reported history 139 50
McEuen, 1978, USA (113) Lung tissue particles 37 35
Rubin, 1980, Canada (114) Reported history 13 15
Kariman, 1984, USA (115) Reported history 23 0
Prakash, 1987, USA (116) Reported history 34 9
Asamoto, 1995, Japan (117) Reported history 68 15
Goldstein, 1998, USA (118) Reported history 24 50
Kim, 1999, Korea (119) Reported history 10 40
Briens, 2002, France, Belgium (120) Questionnaire 41 39
Inoue, 2008, Japan (121) Questionnaire 199 26
Fang, 2009, China (122) Reported history 11 18
Xu, 2009, China (123) Reported history 241 8
Byun, 2010, Korea (124) Reported history 38 0
Bonella, 2011, Germany (125) Questionnaire 70 51
Fang, 2012, China (126) Reported history 25 36
Campo, 2013, Italy (127) Reported history 73 36
Zhao, 2013, China (128) Reported history 30 67
Fijołek, 2014, Poland (129) Reported history 17 24
Ilkovich, 2014, Russia (130) Reported history 68 59
Yang, 2014, China (131) Reported history 10 20
Akasaka, 2015, Japan (132) Reported history 31 26
Xiao, 2015, China (133) Questionnaire 45 38
Bai, 2016, China (134) Questionnaire 101 50
Deleanu, 2016, Romania (135) Reported history 20 20
Hadda, 2016, India (136) Reported history 35 14
Huang, 2016, China (137) Reported history 17 29
Mo, 2016, China (138) Reported history 11 18
Guo, 2017, China (139) Reported history 37 49
Hwang, 2017, Korea (140) Reported history 71 48

Definition of abbreviation: USA = United States.
All studies are case series except four case–control studies (113, 126, 133, 158) and one national
registry (121). “Reported history” refers to occupational or exposure history from the clinical record.
Occupational burden is based on the prevalence among cases of occupations likely to involve
inhalational exposures or inhalational exposures likely to be occupational. The pooled occupational
burden was 29% (95% confidence interval, 21–37%).
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outlying values yielded point estimates that
were similar to the original pooled
estimates, as were the median values,
neither of which were consistently lower or
higher than the initial estimates (data not
shown).

Across conditions, a differential in
burden estimates is biologically plausible,
consistent with differing potencies of risk

depending on the nature of the exposure and
the pathogenesis of the disease in question.
It would be speculative, however, to make
causal inferences from these findings,
precisely because of the within- and across-
condition variability that characterizes this
literature.

Yet another limitation of this analysis
is that it lacks data that might serve

to estimate disability-adjusted life-years
lost, a metric that could provide more
quantitative assessment of the health
impact of different work exposures
and comparison across populations.
Also of note, this analysis does not
include classic pneumoconioses
such as silicosis and asbestosis.
These are conditions for which the
occupational contribution is
essentially 100%, obviating the need for
an analysis of the estimated burden of
those diseases. The pneumoconioses
remain important, underrecognized global
health problems associated with
considerable morbidity and mortality
(243–247).

This assessment of the occupational
burden of nonmalignant respiratory
disease has clinical, research, and
ultimately policy implications. There
is a pressing need to improve clinical
recognition and widen public health
awareness of the contribution of
occupational factors across a range
of nonmalignant respiratory diseases.
Greater attention should be given
to reducing this occupational disease
burden by identifying and implementing
effective preventive interventions.
In that light, the importance of
preventing these diseases needs to be
recognized. Policy makers, especially
those who set regulatory standards
and oversee their enforcement, should
reassess current protections for workers
around the world who are exposed to
recognized hazardous inhalational
exposures. n
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Figure 6. Summary of the occupational burden of nonmalignant respiratory disease, by condition:
the estimated contribution of work exposures to the burden of disease across multiple nonmalignant
respiratory conditions. The occupational population attributable fractions for asthma (16%), chronic
obstructive pulmonary disease (COPD) (14%), chronic bronchitis (CB) (13%), idiopathic pulmonary
fibrosis (IPF) (26%), and community-acquired pneumonia (CAP) (10%) are shown. The occupational
burden estimates for pulmonary alveolar proteinosis (PAP) (29%), hypersensitivity pneumonitis (HP)
(19%), sarcoid (30%), silica-associated tuberculosis (TB) (2.3%), and healthcare worker–associated
TB (HC) (1.0%) are based on mixed methods.
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