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Introduction: Occupational risk factors for interstitial lung disease (ILD) are a remediable
aspect of this progressive pulmonary disorder. The association between firefighting and
ILD is unknown. Our objective was to assess the characteristics of firefighters with ILD
from a large single-center ILD registry.

Methods: The University of Chicago ILD database was reviewed for patients with a
history of firefighting. Clinical information was abstracted from the medical record. The
prevalence rate ratio of firefighters in the database compared to the baseline prevalence
of firefighting in the Chicago metropolitan area was calculated via the Poisson distribution.

Results: Nineteen firefighters were identified; all were men. A variety of ILD subtypes
were seen across the cohort, including four patients with a diagnosis of connective tissue
disease. Patients had mild forced vital capacity (FVC) and moderate diffusing capacity
for carbon monoxide (DLCO) decrements on presentation; three patients died and two
received lung transplantation over an average follow-up time of 76 months. Firefighters
were seen at a greater proportion in the ILD registry than in the general population with
a prevalence rate ratio of 3.98.

Conclusions: Firefighting was overrepresented in our cohort compared to the general
population, suggesting that there may be a causative association between firefighting
and the presence of ILD. The wide variety of ILD subtypes observed suggest that all ILD
patients should be asked about their occupational history. Further investigation to identify
occupational exposures and determine the benefit of remediation is needed.

Keywords: interstitial lung disease, occupational exposure, firefighting, interstitial lung disease risk, case series

INTRODUCTION

Interstitial lung disease (ILD) is a highly morbid, progressive, and often fatal pulmonary disorder
with multiple potential etiologies. These can include autoimmune disease, inhalational exposures,
and medications, although some patients ultimately have no cause found (1, 2). As treatments
for ILD often slow, but do not stop, disease progression, efforts targeted toward the more
proximate cause of ILD could result in improved clinical outcomes (3, 4). Thus, identifying and
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mitigating occupational inhalational exposures could represent a
method of disease prevention and amelioration.

Firefighters’ work exposure to toxic substances has resulted
in an increased rate of chronic pulmonary and cardiovascular
disease. Recently, first responders in the World Trade Center
(WTCQC) attacks have been demonstrated to have a high rate of
obstructive lung disease, autoimmune disease, sarcoidosis, and
recent self-reports of pulmonary fibrosis, a devastating form of
ILD (5-7). Little is known, however, about non-WTC firefighting
and its association with subtypes of ILD formally diagnosed by a
multidisciplinary team review and the possibility of concomitant
autoimmune disease.

In this study, we reviewed a tertiary care center ILD database
for subjects with an occupational history of firefighting. We
hypothesized that firefighters would have a disproportionately
high prevalence rate in our registry and that firefighters would
exhibit a wide range of ILD subtypes, including those related
to autoimmune disease. This would represent an important
exposure association with ILD, with the potential to be a
remediable cause of this often inexorably progressive disease.

METHODS

The University of Chicago ILD Natural History Database, a
prospective registry approved by the University’s Institutional
Review Board (IRB #14163-A), was reviewed for patients
with a history of firefighting. The electronic medical record
of all patients enrolled in the registry from January 2007
to October 2019 was searched for a history of firefighting.
Demographic and historical information, occupational histories,
serologies, pulmonary function testing, and imaging reports
were reviewed. Antinuclear antibody (ANA) was recorded as
clinically significant if the titer was >1:320. Multidisciplinary ILD
diagnosis (MDD) was conducted according to current American
Thoracic Society/European Respiratory Society guidelines (8).
Survival and lung transplantation status were ascertained and
follow-up data was censored on November 1, 2019 or when
a participant was lost to follow-up. Discrete variables are
displayed as counts and percentages, while continuous variables
are displayed as means with standard deviations.

Additionally, ascertainment of the number of employed
firefighters in the Chicago-Naperville-Elgin, IL-IN-WI
metropolitan area was obtained from the United States Bureau
of Labor Statistics. The exact prevalence ratio was calculated
comparing the prevalence of firefighting observed in ILD clinic
versus the prevalence of firefighting in the general working
population, and the probability of observing this prevalence
ratio was calculated vs. the Poisson distribution of an observed
variable compared to the expectation. Statistical analyses were
conducted using Stata (9).

RESULTS

Nineteen firefighters were identified; all were men (Table 1). The
mean age at time of presentation to clinic was 63 £ 11 years.

Sixteen (84%) self-identified as white, while three (16%) self-
identified as Black. Thirteen (68%) had a history of tobacco
use with a median of 15 pack-years. Five (26%) reported a
history of significant secondhand smoke exposure. None had a
family history of ILD, while four (21%) had a family history of
connective tissue disease (CTD). Comorbid conditions, including
gastroesophageal reflux disease, were common.

Most had a history of longstanding firefighting. The median
number of years working as a firefighter was 28, and five
(26%) patients reported being hospitalized after exposure to
a fire. Three (16%) patients were still firefighting at the time
of clinical presentation. Co-exposures (not including tobacco)
were common, with eight (42%) patients reporting an additional
occupation that has been associated with ILD, six (36%) reporting
a hobby that has been associated with ILD, and seven (37%)
reporting other domestic mold or bird exposures.

A wide variety of ILD subtypes were observed among this
cohort. Ten (53%) firefighters had idiopathic pulmonary fibrosis.
Four (21%) patients with previously diagnosed CTD had CTD-
ILD; two of those patients had a family history of CTD. Over half
(53%) of patients had a positive autoantibody; one third of the
cohort had an ANA titer greater than 1:320. Three were given
a diagnosis of combined pulmonary fibrosis and emphysema
(CPFE); all three of these patients had a history of smoking.
One patient each had unclassifiable ILD and sarcoidosis. Five
patients had surgical lung biopsy performed; of those, two
(40%) had usual interstitial pneumonia (UIP) alone, two (40%)
had UIP with organizing pneumonia, and one (20%) had
hypersensitivity pneumonitis.

The mean forced vital capacity (FVC) at time of clinical
presentation was 72% predicted, while the mean diffusing
capacity for carbon monoxide (DLCO) was 51% predicted.
Three patients died in follow-up, and two received lung
transplantation. Restricted mean survival time for the entire
cohort was 76 months.

According to the United States Bureau of Labor Statistics, the
prevalence of firefighters employed in the Chicago-Naperville-
Elgin metropolitan area in 2018 was 2.82 per 1,000 employed
individuals (13,090 firefighters among 4,641,830 individuals). In
our ILD cohort, the prevalence of firefighters was 11 per 1,000
(19 firefighters among 1,693 individuals); thus a prevalence rate
ratio of 3.98 (95% CI: 2.40-6.22, p < 0.0001) was observed in
firefighters in the ILD registry compared to firefighters within the
working population of the Chicago area.

DISCUSSION

To our knowledge, this study is the first to describe ILD of various
subtypes in firefighters not associated with the WTC attacks. Our
analysis of a tertiary care center ILD cohort found a high rate
of firefighters with a prevalence rate ratio approximately four
times that of the general working population. These firefighters
had a wide variety of ILD diagnoses, including CTD-ILD, IPF
and CPFE. Other inhalational co-exposures were also common,
suggesting that multiple exposures could have a synergetic effect
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TABLE 1 | Cohort characteristics.

Demographics Exposure Disease
Age, mean + SD 63 (11) Ever Smoker, n (%) 13 (68%) Autoantibodies, n (%) 10 (53%)
Male, n (%) 19 (100%) Pack years, median (IQR) 15 (0-40) ANA>1:320 6 (32%)
Race, n (%) Secondhand smoke, n (%) 5 (26%) SSA 2 (11%)
White 16 (84%) Volunteer firefighter, n (%) 3 (16%) Other 5 (26%)
Black 3 (16%) Years worked, median (IQR) 28 (20-39) ILD diagnosis, n (%)
Asian 0 (0%) Hospitalized after fire, n (%) 5 (26%) IPF 10 (563%)
Family history of ILD, n (%) 0 (0%) Still firefighting, n (%) 3 (16%) CTD-ILD 4 (21%)
Family history of CTD, n (%) 4 (21%) Other work exposures, n (%) 8 (42%) CPFE 3(17%)
CTD diagnosis, n (%) Construction 4 (21%) Unclassifiable 1(5%)
MCTD 1(6%) Metal Work 2 (11%) Sarcoidosis 1(6%)
Autoimmune myositis 2 (11%) Other 3 (16%) Pathology, n (%)
ANCA vasculitis 1 (5%) Hobby exposures, n (%) 6 (32%) UIP 2 (11%)
Comorbidities, n (%) Bird or mold exposures, n (%) 7 (37%) HP 1 (5%)
CAD 10 (53%) UIP+OP 2 (11%)
COPD 4 (21%) FVC %pred 72 (18)
Diabetes Mellitus 2 (11%) DLCO 51 (16)
GERD 14 (74%) Death 3 (16%)
Lung Transplantation 2 (11%)

ILD, interstitial lung disease; CTD, connective tissue disease; MCTD, mixed connective tissue disease; ANCA, Antineutrophil Cytoplasmic Antibodies;, CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux disease; ANA, antinuclear antibodies; SSA, Sjogren’s syndrome related antigen A autoantibodies; IPF,
idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema; UIR, usual interstitial pneumonia; HF, hypersensitivity pneumonitis;, OF, organizing pneumonia; FVC,

forced vital capacity; DLCO, diffusing capacity for carbon monoxide.

on the development of ILD and highlighting the interconnected
nature of these exposures in the real-world clinical setting.

This study found a disproportionately high rate of firefighters
in our ILD patient population compared to the working
population of the local metropolitan area. As these patients
had all worked as firefighters for years prior to their ILD
diagnosis, this finding suggests a potential causal mechanism
between firefighting and ILD. Pulmonary fibrosis in WTC first
responders has been described, with an increasing incidence
related to increasing levels of exposure following the attacks
(6). Systematically derived occupational exposure histories are
needed in this patient population in order to assess for both a
dose-response relationship as well as high-risk activities leading
to ILD in firefighters.

We also found a wide variety of ILD subtypes in our
firefighting cohort. Li and colleagues’” description of pulmonary
fibrosis in WTC first responders utilized patient self-report as a
case definition, thus no determination of ILD subtype was able
to be made (6). Sarcoidosis has been described in both WTC
and non-WTC firefighters; however, this subgroup represented
a small minority of ILD patients in our firefighting cohort (5, 10).
This clinical diversity emphasizes the importance of asking about
potentially remediable occupational inhalational exposures, such
as firefighting, in all ILD patients regardless of clinical history or
multidisciplinary diagnosis.

Inhalational co-exposures were common in firefighters with
ILD. Many of these exposures overlapped in the same patients.
While frequent co-exposures make assessment of any particular
causal exposure especially challenging, they also emphasize the
importance of a thorough, systematic exposure assessment on

all ILD patients in order to elicit potential opportunities for
remediation. Additionally, further work could assess whether
multiple exposures increase the risk of severe ILD or other poor
clinical outcomes in an additive or multiplicative fashion.

A substantial proportion of patients carried formal diagnoses
of CTD in relation to their ILD or had positive serologic
testing. In prior investigations of specific CTDs, the relation
between tobacco and rheumatoid arthritis (RA) is the most
consistent association described (11). The correlation between
occupational exposure to mine dust, in particular silica, and
autoimmune disorders, particularly systemic sclerosis, is well-
described (12). More recently, a high prevalence of systemic
autoimmune disease has been described in WTC first responders
(7). Our understanding of the role of inhalational exposures in
causing autoimmunity and ILD is limited, and precisely which
substances are highest risk for causing disease in firefighters
remains an area of active investigation.

This study has several limitations. First, the small number of
patients and retrospective design make causal inferences difficult
to elicit. We were unable to assess for specific job descriptions and
exposure intensity for every patient. As this was an analysis of an
already existing ILD cohort, we did not have a control population
of patients without ILD or healthy firefighters with which
to compare clinical features or risk factors. Nevertheless, our
comparison with publicly available occupational data suggests
the proportion of firefighters in our clinic was higher than
that of the working population, and similar methods have
been used in the past to suggest a potential causal mechanism
between occupational exposures and lung disease (13). Although
comparison of firefighting prevalence to the prevalence in the
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overall working population is imprecise given not every ILD
patient seen in clinic is actively working, including the non-
working population in the calculation of non-ILD firefighting
prevalence would actually increase the prevalence rate ratio of
firefighting seen in our ILD patients.

In summary, we found a higher proportion of firefighters in
our ILD registry than was present in the working population,
suggesting firefighting may be a novel risk factor for ILD.
These patients had a wide variety of clinical presentations,
ILD subtypes and autoimmune features. Further work should
systematically assess for a dose-response relationship as well as
high-risk occupational features in order to strengthen causal
associations and identify potentially remediable exposure-related
causes of ILD.
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