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Abstract

Purpose of Review Our goal is to summarize the airway dis-
ease literature since September 11, 2001 (9/11), focusing on
studies published since 2011 in World Trade Center-exposed
rescue/recovery workers.

Recent Findings Since 2011, studies have confirmed relation-
ships between initial World Trade Center exposure intensity,
severity of symptoms, airway disease diagnoses, and bio-
markers of disease progression.

Summary Studies continue to document ongoing morbidity in
rescue/recovery workers over 10 years after 9/11. Future re-
search should further identify correlates of symptom persis-
tence and new airway disease diagnoses. The unique charac-
teristics of the airway diseases in this population warrant on-
going monitoring and treatment.
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Introduction

After the September 11, 2001 (9/11) terrorist attacks on the
World Trade Center (WTC), thousands of first responders in-
cluding Fire Department of the City of New York (FDNY)
firefighters and emergency medical service workers (EMS),
police, and other workers (construction and sanitation), as
well as community residents were exposed to smoke, dust,
and gaseous substances. Exposure from pulverized building
materials and from aerosolized particles was further aggravat-
ed by fires that continued through December 2001. Lioy and
colleagues characterized the WTC dust as containing metals,
inorganic species, asbestos, pesticides, polycyclic aromatic
hydrocarbons (PAHs), and other hydrocarbons [1]. Gypsum
and calcite were found in WTC particulate matter analyses
and are known to irritate the mucous membranes of the nose,
throat, and airways [2]. In addition, much of the WTC partic-
ulate matter was found to be highly alkaline (pH 9—-11) and to
be greater than 10 pm [1], a size that typically undergoes
nasopharyngeal filtration and deposition [3]. However, given
the overwhelming extent of dust exposure and increased re-
spiratory demand during work, both upper and lower airways
were likely exposed. Evidence of this was supplied by
Fireman et al. in their study which demonstrated that FDNY
firefighters with significant WTC dust cloud exposure who
underwent sputum induction after 9/11 had an increase in
larger size particles found in sputum samples when compared
to controls (Israeli firefighters) [4]. The official recovery and
clean-up efforts continued until May 30, 2002, although the
disaster site was active for months longer, potentially
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exposing an estimated 60,000—70,000 workers to airway irri-
tants through re-aerosolized dust [5].

After 9/11, several responder monitoring programs were
developed to monitor the health, especially the respiratory
status of rescue/recovery workers (Table 1). The FDNY
WTC Health Program (FDNY WTC-HP) was the first, as it
was an extension of an existing occupational health service, in
place for years prior to the disaster. This program is an inte-
grated monitoring and treatment program that was created
especially for the WTC-exposed FDNY workforce. It pro-
vides annual monitoring/wellness exams for active and retired
WTC-exposed personnel, and treatment services, as needed.
The General Responder WTC Health Program (General
Responder Health Consortium) at Mount Sinai Medical
Center and other New York City area clinics evaluate non-
FDNY responders including construction, law enforcement,
and volunteers [6]. The WTC Health Registry at the New
York City Department of Health and Mental Health follows
WTC-exposed individuals through repeated surveys, but does
not provide health services [7]. The Bellevue WTC
Environmental Health Center (WTC EHC) evaluates neigh-
borhood residents, local workers, and clean-up workers/
volunteers [8]. This review focuses mostly on studies
reporting on rescue/recovery workers.

Respiratory Disease and Outcomes in Rescue/Recovery
Workers During the First Decade Post-9/11

In the first 10 years post-9/11, several studies were published
using data obtained from the above monitoring programs
which helped identify and characterize respiratory diseases
that developed after 9/11. For example, 90% of FDNY
rescue/recovery workers were found to have acute respiratory
symptoms within 48 hours of 9/11, including wheezing, chest
tightness, nasal congestion, and acute cough. The incidence of
new respiratory symptoms did not begin to decline until
February 2002 [9, 10]. Data published from the FDNY
WTC-HP cohort were uniquely valuable in that virtually all
FDNY rescue/recovery workers who were present on 9/11 or
soon thereafter had been evaluated prior to 9/11 as part of their
routine monitoring; they had pre-exposure lung function mea-
surements (spirometry) and had met rigorous physical health
standards to join the FDNY. Thus, respiratory dysfunction
including cough, asthma, obstructive disease, and bronchial
hyperreactivity can be directly attributed to WTC exposures
on or after 9/11. Arrival time for work at the WTC site and
duration (in months) of work at the WTC site are often used as
surrogates for exposure intensity in the FDNY and other co-
horts since no measurements of air quality or airborne parti-
cles were completed in the first 48 hours after 9/11. In the
FDNY cohort, those who first arrived early the morning of
9/11 were the most highly exposed to the dust cloud created
during and after the collapses of the WTC towers. Next, those
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who arrived in the afternoon of 9/11 are considered the next
most highly exposed, followed by those who arrived on
September 12, 2001, and then by those who arrived on days
3—14 with lower exposures to dust. Workers who arrived after
day 14 are considered to have minimal dust exposure [11].
Several studies found an association between bronchial hyper-
reactivity, FEV, (forced expiratory volume in 1 second) re-
duction, airway obstruction, persistent respiratory symptoms,
reactive airways dysfunction syndrome (RADS), and early
arrival time and prolonged duration of work at the WTC site
[10-15]. Similar findings were reported among police, iron-
workers, and sanitation workers who responded to WTC site
in the early days after 9/11 [16—18]. Furthermore, Aldrich and
colleagues, using data from the FDNY WTC-HP, demonstrat-
ed a statistically significant FEV decline in the first year for
those who worked at the disaster site on the morning of 9/11 or
within the first 14 days, without significant recovery over the
subsequent 6 years [19]. Finally, studies have also
highlighted the association between mental and physical
health disorders and respiratory illness, showing an as-
sociation between asthma symptoms and probable post-
traumatic stress disorder (PTSD) and gastroesophageal
reflux symptoms (GERS) [11, 20].

Previous review articles have concentrated on the first de-
cade post-9/11 [21]. The goal of the current review is to sum-
marize the recent literature published since 2011 on airway
disease in WTC-exposed rescue/recovery workers.
Occupational airway disease includes several subtypes of dis-
ease such as work-exacerbated asthma (those with previous
asthma), occupational asthma, irritant-induced asthma,
RADS, and occupational COPD [22-26]. In this WTC-
exposed population, however, identifying a specific airway
disease diagnosis, such as asthma, has been a challenge due
to both disease misclassification and disease overlap. There is
significant overlap between chronic bronchitis, bronchiolitis,
COPD, emphysema, and asthma. In addition, most studies
rely on a diagnosis of asthma that is based on self-report of a
physician diagnosis by a responder, without confirmation.
Another limitation in WTC studies is that some defined high
and low exposure to irritants at the WTC site differently. For
the purpose of this review, WTC-associated airway disease
will be identified as follows: occupational asthma, RADS,
lower respiratory symptoms, WTC cough, occupational ob-
structive airways disease, and bronchial hyperreactivity.

Respiratory Disease and Outcomes in Rescue/Recovery
Workers Published After 2011

Lung Function Changes Over Time and Its Relationship
to Symptoms, Recovery, and Bronchial Hyperreactivity

Several studies have examined the changes in lung function
over time. In 2016, Aldrich and colleagues reported that after
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Table 1

Respiratory publications among rescue/recovery workers by World Trade Center (WTC)cohort

Cohort
Recovery
Workers

Population Size

WTC Rescue/

2001-2010 Publications®

2011-2016 Publications®

Fire Department of the N=16,190
City of New York,
World Trade Center
Health Program

General Responder N=27,449

Cohort, World Trade
Center Health Program

‘World Trade Center Health N=30,665
Registry

Bellevue WTC
Environmental Health
Center

N=766

Aldrich et al. N Engl J Med, 2010; Banauch et al.
MMWR Morb Mortal Wkly Rep, 2002; Banauch
et al. Am J Respir Crit Care Med, 2003;
Banauch et al. Chest, 2010; Banauch et al. Crit
Care Med, 2005; Banauch et al. Curr Opin Pulm
Med, 2005; Banauch et al. Am J Respir Crit
Care Med, 2006; Banauch, et al. Disaster Med
Public Health Prep, 2008; Feldman et al. Chest,
2004; Fireman et al. Environ Health Perspect,
2004; Prezant et al. MMWR Morb Mortal Wkly
Rep, 2002; Prezant et al. Mt Sinai J Med, 2008,
Rom et al. Proc Am Thorac Soc, 2010; Rom
et al. Am J Respir Crit Care Med, 2002; Webber
et al. Environ Health Perspect, 2009; Weiden
et al. Chest, 2010

de la Hoz Curr Allergy Asthma Rep, 2010; de la
Hoz et al. J Occup Environ Med, 2008; de la
Hoz et al. Int Arch Occup Environ Health, 2008;
de la Hoz et al. J Occup Environ Med, 2009;
Enright et al. Mt Sinai J Med, 2008; Enright
et al. Respir Care, 2010; Herbert et al. Environ
Health Perspect, 2006; Landrigan et al. Environ
Health Perspect, 2004; Mendelson et al. J
Occup Environ Med, 2007; Moline et al. Cancer
investigation, 2006; Skloot et al. Chest, 2004;
Skloot et al. Chest, 2009; Tao et al. J Occup
Environ Med, 2007; Wu et al. Environ Health
Perspect, 2010

Brackbill et al. JAMA, 2009; Farfel et al. J Urban
Health, 2008; Wheeler et al. Environ Health
Perspect, 2007

Lin et al. Am J Epidemiol, 2005; Lin et al. J
Asthma, 2007; Lin et al. Int J Occup Environ
Health, 2010; Oppenheimer et al. Chest, 2007;
Reibman et al. Environ Health Perspect, 2005

Aldrich et al. Chest, 2016; Aldrich et al. Chest,
2016; Cho et al. Respiratory medicine, 2014;
Cho et al. J Mol Biomark Diagn 2014; Cho et al.
J Clin Immunol, 2013; Glaser et al. Am J
Epidemiol, 2014; Hall et al. PLoS currents,
2015; Kwon et al. PloS one, 2013; Naveed et al.
Am J Respir Crit Care Med 2012; Niles et al. Am
J Ind Med, 2013; Niles et al. Chest, 2011; Nolan
et al. Respiratory research, 2014; Nolan et al.
Chest, 2012; Schenck et al. BMJ open, 2014;
Soo et al. Chest, 2012; Tsukiji et al. Biomarkers
2014; Weakley et al. Prev Med, 2011; Weakley
et al. Prev Med, 2013; Webber, et al. Am J Ind
Med, 2011; Weiden et al. Semin Respir Crit
Care Med, 2015; Weiden et al. Eur Respir J,
2013; Yip et al. Occup Environ Med, 2016

Altman et al. /nt Arch Occup Environ Health,
2011; de la Hoz Curr Opin Allergy Clin
Immunol, 2011; Jiang et al. Am J Ind Med, 2016;
Jurek and Maldonado Annals of epidemiology,
2016; Kim et al. Am J Ind Med, 2012; Lucchini
et al. G ltal Med Lav Ergon, 2012; Luft et al.
Psychol Med, 2012; Mindlis et al. J Asthma,
2016; Udasin et al. J Occup Environ Med, 2011;
Wisnivesky, et al. Lancet, 2011; Xu et al. Ann
Allergy Asthma Immunol, 2016

Antao et al. Am J Ind Med, 2011; Brackbill et al.
Am J Epidemiol, 2014; Con et al. Am J Ind Med,
2016; Friedman et al. Occup Environ Med,
2016; Friedman et al. Am J Ind Med, 2013;
Friedman et al. Am J Respir Crit Care Med,
2011; Jordan et al. J Asthma, 2015; Liet al. Am J
Ind Med, 2016; Li et al. Am J Gastroenterol,
2011; Maslow et al. Am J Public Health, 2012;
Nair et al. Am J Public Health, 2012; Perlman
et al. Lancet, 2011

Berger et al. Am J Ind Med, 2016; Berger et al. ERJ
open research, 2015; Caplan-Shaw et al. Am J
Ind Med, 2016; Kazeros et al. J Asthma, 2013;
Kazeros et al. J Occup Environ Med, 2015; Liu
et al. J Occup Environ Med, 2012; Trasande et
al. Sci Total Environ, 2013

#Publications are restricted to those that included rescue/recovery workers

the initial decline in FEV % predicted seen immediately after
9/11, FEV % predicted remained relatively stable through
September 2014. They also noted through 2014 that there
was a significantly greater decline in FEV; in more highly
WTC-exposed firefighters versus lesser exposed [27¢¢]. In a
study published in 2015, Berger et al. examined both spirom-
etry and oscillometry in community members who had WTC
dust exposure [28]. They compared spirometry, oscillometry,

and symptoms in both symptomatic individuals in the WTC
EHC cohort and asymptomatic participants in the WTC
Health Registry. Unlike the WTC-exposed firefighter cohort,
most participants, both asymptomatic and symptomatic, had
normal spirometry. However, abnormal oscillometry measure-
ments increased with both severity and frequency of wheeze
in the symptomatic cohort, even in those with normal spirom-
etry [28]. In 2016, Berger et al., using methacholine challenge
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testing (MCT) and oscillometry, found that WTC-exposed
participants who became symptomatic after MCT had abnor-
malities in oscillometry. The authors suggest that reactivity in
small airways may explain the presence and severity of lower
respiratory symptoms [29].

Lung function has also been shown to correlate with symp-
tom recovery and airway disease diagnoses. Soo and col-
leagues evaluated the relationship between FEV % predicted
and the probability of recovery from lower respiratory symp-
toms (cough, wheeze, or dyspnea) in WTC-exposed fire-
fighters in the FDNY WTC-HP cohort [30]. Lower respiratory
symptoms were evaluated using self-administered question-
naires over 9 years after 9/11. Overall, among firefighters
who were initially symptomatic, only 37% reported recovery
from symptoms. Firefighters with the lowest FEV % predict-
ed at baseline had the lowest probability of symptom recovery
(25%) compared with those with the highest FEV % predicted
at baseline, who had a higher probability of recovery (45%).
Similarly, Webber and colleagues found that FDNY rescue/
recovery workers with the lowest FEV % quintile included
those with physician-diagnosed asthma (41.1%) and
COPD/emphysema (50.6%), suggesting that disease correlat-
ed with FEV, reduction and resulted after WTC exposure
[31]. Niles and colleagues also reported that firefighters who
both self-reported symptoms and had abnormal lung function
in 2005 were more likely to acquire airway disease diagnoses
of asthma, COPD/emphysema, and/or bronchitis later [32].

In addition, several studies have evaluated other factors af-
fecting the likelihood of symptom recovery such as arrival time
to work at the WTC and medication use. Soo et al. found a
relationship between symptom recovery and arrival time to the
WTC site: rescue/recovery workers who arrived on the
morning of 9/11 were less likely to recover than those who
arrived on days 3—14 after 9/11 [30]. They also found that
participants who reported using respiratory medications such
as bronchodilators, inhaled steroids, montelukast, or nebulized
medications were less likely to report symptom recovery when
compared to those who did not use medications (HR 0.52), as
medication use is a likely indicator of disease severity.

Similar to likelihood of symptom recovery, exposure intensi-
ty has also been associated with the diagnosis of airways disease.
Hall et al. evaluated the association between new physician-
diagnosed obstructive airway disease (OAD), defined as asthma,
chronic bronchitis, or COPD/emphysema, and WTC exposure
in FDNY firefighters [33]. They found the most intensely ex-
posed firefighters had the highest incidence of new OAD diag-
noses compared with those with less exposure. The association
was highest in the first 15 months after 9/11. The risk was
somewhat attenuated during the period between 16 and
84 months, and by 85-120 months after 9/11 the difference
was no longer statistically significant. When asthma and non-
asthma OAD were evaluated separately, similar results were
seen. Webber et al. found a relationship between the prevalence
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of FDNY physician-diagnosed post-9/11 asthma and WTC
exposure in FDNY firefighters and EMS workers. There was
an increased prevalence of post-9/11 asthma among those who
arrived on the morning of 9/11 (11.4%) compared with those
who arrived 3—14 days after 9/11 (5.3%) [31]. Unlike other
studies, in both the Webber et al. and Hall et al. studies, asthma
was clearly defined and was determined from a physician diag-
nosis in the FDNY medical records rather than identified only
by self-reports [31, 33]. They required that FDNY physician
diagnoses be documented on at least two separate visits since
9/11, including at least one during the study period.

Several studies have evaluated incidence rates for asthma
in rescue/recovery workers. Niles et al. reported that between
2005 and 2010, significantly more WTC-exposed firefighters
were diagnosed with asthma, increasing in prevalence from
8.3 to 18% in that sample. The prevalence of other airway
diseases (bronchitis and COPD/emphysema) also increased
from 18.5 to 33.6% [32]. Weakley and colleagues evaluated
the prevalence of self-reported asthma between 2005 and
2010 in WTC-exposed firefighters [34]. They reported that
the prevalence of current asthma in those ages 45-65 in-
creased over time from 8.9 to 14.9% in 2009, which was three
times higher than reported nationally in a similar group in the
general population. In 2016, Yip and colleagues reported the
prevalence of physician-diagnosed asthma between 2001 and
2015 among WTC-exposed FDNY firefighters as 21% and as
10.3% in FDNY WTC-exposed EMS workers [35]. Some of
the post-9/11 increase in prevalence in the FDNY cohort can
be explained by increased awareness by physicians and fire-
fighters after additional resources were allocated to treating
FDNY rescue/recovery workers. Kim et al. also reported an
increased prevalence of lifetime asthma (self-reported) in non-
FDNY WTC rescue/recovery workers from the General
Responder Program [36]. Lifetime prevalence of asthma in-
creased from 2.9% prior to 9/11 to 19.4% in 2007, compared
to the general population which was stable at 10%. There was
also an increase in “12-month asthma” (defined as >1 attacks
in the prior 12 months) between 2000 and 2007 in rescue/
recovery workers in the same cohort (0.2% prior to 9/11 to
7.8% in 2007) compared to approximately 4% in the general
population. Wisnivesky and colleagues evaluated the cumula-
tive incidence of asthma in the WTC rescue/recovery workers
from the same cohort as Kim et al., the General Responder
cohort [36, 37¢]. They reported a cumulative incidence of self-
reported asthma that was notably increased from 10.5% prior
to 9/11 to 27.6% in September 2010. The first year after 9/11,
the annual incidence of asthma was the highest (3.4%); annual
incidence stabilized at approximately 2% (range from 1.8 to
2.5%) each year until the end of follow-up in 2010 [37¢].
Unlike the FDNY cohort, the WTC rescue/recovery workers
in the General Responder cohort included police officers, con-
struction workers, and municipal workers who were not re-
quired to meet rigorous pre-employment standards required
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by the FDNY, partially explaining their higher pre-9/11 rates
of asthma.

Aldrich and colleagues evaluated changes in bronchial hy-
perreactivity (BHR) and its association with FEV;% predict-
ed, respiratory medication use, and resolution of symptoms
over time [38¢¢]. In 2013-2014, they evaluated BHR using
methacholine challenge testing (MCT) in WTC-exposed fire-
fighters who had undergone baseline MCT within 2 years after
9/11. Although the overall degree of BHR remained stable,
they reported a baseline prevalence (obtained from 2001—
2003) of 16%, which increased to 25% at follow-up (obtained
from 2013 to 2014). Of those with BHR at baseline, 57.1%
had BHR at follow-up and 42.9% with BHR at baseline no
longer had BHR at follow-up. In addition, 19% of firefighters
developed new BHR at follow-up. There was a greater decline
in FEV| in those with BHR at follow-up than in those without
BHR at follow-up. Interestingly, the use of corticosteroid ther-
apy had no effect on BHR, although those who received cor-
ticosteroid therapy had a slower FEV, decline rate. This study
helped characterize WTC-associated airway disease as one
that shares some features of occupational asthma (BHR and
response to corticosteroids), but differs in its persistence, even
after removal from the exposure source.

Overall, findings from the WTC literature support a con-
tinued association between lung function decline, symptom
recovery, and airway disease diagnoses with the level of
WTC exposure. Specifically, higher intensity WTC exposure
is associated with the following: worse lung function (de-
creased FEV % predicted), less reversibility of lower respira-
tory symptoms, BHR, and a greater likelihood of an OAD
diagnosis. Lung function and symptom recovery were further
confounded by the use of respiratory medications and BHR.

Respiratory Symptoms/Disease and Physical Health
Comorbidities

In the years after 9/11, several physical comorbidities such as
gastroesophageal reflux symptoms or disease (GERS/GERD)
were found to coexist with respiratory symptoms and disease.
Li and colleagues evaluated the association between GERS
and asthma among rescue/recovery workers in the WTC
Health Registry cohort 5—6 years and again 10-11 years after
9/11 [39, 40]. Participants were identified as having GERS if
they had a history of heartburn, reflux symptoms, or indiges-
tion. They found an increase in the cumulative incidence of
persistent GERS in rescue/recovery workers with asthma
(self-reported) when compared to those without asthma. The
cumulative incidence of GERS differed from 25% in those
with high WTC exposure without asthma to 33% in those with
high WTC exposure with asthma. In addition, the cumulative
incidence of GERS in those with asthma was greater in re-
sponders who were highly exposed (33%) compared to those
with asthma who had low levels of exposure (8%) [39].

Consistent with their earlier study, in 2016 Li et al. published
findings that rescue/recovery workers with GERS at baseline
had an increased risk of developing persistent GERS in 2011—
2012 if they also reported early post-9/11 asthma (RR 1.2).
They also demonstrated an increased risk of late-onset GERS
(reported in 2011-2012, but not reported in prior interviews)
in those with early post 9/11 asthma (RR 1.2) [40].

Similarly, Wisnivesky et al. noted that 8.6% of rescue/
recovery workers in the General Responder cohort reported
comorbid diagnoses of asthma, GERD, and sinusitis.
Participants with asthma were also noted to have sinusitis
without GERD (4.7%) or GERD without sinusitis (4.1%)
[37¢]. Weakley and colleagues reported significant comorbid-
ity between lower respiratory symptoms (dyspnea or wheeze)
and GERS (25.4%) and LRS and upper respiratory symptoms
(nasal/sinus drip/congestion or sore/hoarse throat, 29.6%) in
the 5-9 years after 9/11 in WTC-exposed firefighters [34].

Jordan and colleagues described the relationship between
asthma control and comorbid conditions such as GERS and
obstructive sleep apnea (OSA) from a 2011-2012 survey con-
ducted with the WTC Health Registry cohort [41]. In patients
with GERS, there was a significantly higher prevalence of
poorly or very poorly controlled asthma (49.3 and 60.5%,
respectively) compared with those with controlled asthma
(29.5%). They also found a significantly higher prevalence
of physician-diagnosed OSA in those with poorly and very
poorly controlled asthma (34.2 and 40.6%, respectively) ver-
sus those with controlled asthma and OSA (17.6%). These
findings were based on their entire study population, which
included rescue/recovery workers, other workers/volunteers,
commuters, and community members/local residents.

This literature review demonstrates a significant relation-
ship between respiratory diseases, more specifically asthma,
and comorbid GERD, upper respiratory disease, and/or OSA.
Coexistence is more likely in the setting of early WTC arrival
time and persistent or increasingly severe symptoms, suggest-
ing that control of at least one disease process likely contrib-
utes to control of the other(s). It also stresses the importance of
screening for common comorbid conditions when one is
diagnosed.

Respiratory Symptoms/Disease and Mental Health
Comorbidities

Several studies after 9/11 have identified an association be-
tween respiratory disease and mental health symptoms. In
most studies, mental health symptoms were identified using
standardized and validated patient screening questionnaires
and were not diagnosed directly by clinicians. Wisnivesky
and colleagues studied a cohort of WTC rescue/recovery
workers between July 16, 2002 and September 11,2010, iden-
tifying those with self-reported diagnoses of asthma and men-
tal health disorders [37¢]. Asthma was defined in those who
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self-reported a physician diagnosis and also by including
those under a physician’s care, those taking asthma medica-
tions, or those who reported having had an acute asthma attack
within 1 month prior to the index follow-up visit. Of rescue
workers with asthma, 48.3% also screened positive for one or
more mental health disorder such as probable PTSD, depres-
sion, or panic disorder.

In a study published in 2011, Niles and colleagues evalu-
ated the association between WTC cough syndrome symp-
toms (at least one symptom of upper respiratory, of lower
respiratory, and of GERD), FEV;% predicted, and PTSD
symptoms in WTC-exposed firefighters within the first year
after 9/11 and then again 3—4 years later [42]. They found a
significant association between WTC cough syndrome and
probable PTSD at baseline (OR 1.21) and after 3—4 years of
follow-up (OR 1.21). Additionally, there was a relationship
between the number of WTC cough syndrome symptoms at
baseline and the number of PTSD symptoms at both baseline
and at follow-up (OR 1.46 and OR 1.49, respectively). No
association was found between FEV % predicted and PTSD
symptoms.

More recently, Mindlis and colleagues evaluated the rela-
tionship between asthma and PTSD among 181 rescue/
recovery workers in the General Responder cohort diagnosed
with asthma [43]. The participants were all diagnosed with
asthma either after 9/11 or had previous asthma that worsened
after 9/11. Previous asthma diagnoses were verified by the
medical record and PTSD was diagnosed by a physician dur-
ing the study. They reported that among rescue/recovery
workers with asthma, 28% also had PTSD. The study also
monitored inpatient and outpatient healthcare utilization due
to asthma. They found that patients with PTSD compared to
those with sub-threshold PTSD scores or no PTSD had statis-
tically significant worse asthma control. In addition, those
with PTSD required significantly more inpatient care due to
asthma exacerbations compared to those without PTSD (33
and 10%, respectively). Finally, those with PTSD also had
significantly lower asthma quality of life scores compared to
those without PTSD. Friedman and colleagues (2016) demon-
strated a relationship between persistence of lower respiratory
symptoms (LRS) and mental health in 9/11 rescue/recovery
workers in the WTC Health Registry cohort [44]. LRS were
defined as self-reported cough, wheeze, dyspnea, or inhaler
use within 30 days of the interview date and as being persis-
tent if present 10 years after 9/11. Of rescue/recovery workers,
18.7% were identified as having persistent LRS; those with
persistent LRS were 50% more likely to report poor mental
health when compared with those with no LRS.

Overall, the literature demonstrates a significant associa-
tion between WTC-related respiratory disorders and mental
health symptoms, as well as a correlation between mental
health symptoms and severity of respiratory illness and
disease-related quality of life. These studies suggest that
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improvement of one comorbid condition could help improve
symptoms of overlapping WTC-related conditions.

Lung Function and Smoking and Smoking Cessation

Only a few studies have evaluated the effects of smoking and
smoking cessation on lung function in WTC-exposed rescue/
recovery workers. Soo and colleagues demonstrated that
rescue/recovery workers who were current smokers were less
likely to have symptom recovery (HR 0.79) than never-
smokers [30]. In 2016, Aldrich and colleagues reported that
among WTC-exposed firefighters, current smokers were more
likely to have impaired lung function (FEV| less than lower
limits of normal) when compared with never-smokers. Of cur-
rent smokers, 32.2% had a decline in FEV; (when controlled
for age and the expected decline after 9/11) compared with
17% of never-smokers. They also found that former smokers
who quit between September 11, 2001 and March 10, 2008
were more likely to have impaired FEV % predicted than
never-smokers, but less so than current smokers [27¢¢].
These results suggest the continued benefit of smoking cessa-
tion, despite intense WTC exposure. Hall and colleagues,
however, found no association between smoking status and
OAD diagnoses among WTC-exposed firefighters in the
10 years after 9/11 [33]. Further studies are necessary to define
the role of tobacco abuse in WTC-related OAD.

Biomarkers and WTC Respiratory Dysfunction

Recent publications now focus on metabolic, vascular, and
inflammatory biomarkers in relation to respiratory disease in
WTC rescue/recovery workers. Weiden and colleagues have
evaluated the relationship between serum biomarkers obtained
from the FDNY cohort within 6 months after 9/11 and the
development of WTC-lung injury (WTC-LI) as defined by
an FEV| less than the lower limit of normal [45¢]. FEV| mea-
surements were obtained annually and lung function recovery
was identified if there was FEV recovery within 7 years after
the initial decline noted in the first year after 9/11. Weiden
et al. demonstrated that increased levels of matrix metallopro-
teinases (MMP) such as MMP-1 reduced the odds of recov-
ering lung function within 7 years after 9/11. Conversely,
MMP-2 and tissue inhibitors of matrix metalloproteinases
(TIMP-1) expression was increased in the small subset of
firefighters who did regain lung function within 7 years after
9/11, suggesting these are protective against lung injury. They
also reported that an increase of lipid metabolites
(lysophosphatidic acid and apolipoprotein Al), elevated C-
reactive protein, and apolipoprotein A2 were associated with
increased odds of developing WTC-LI [45¢]. Consistent with
earlier findings from Banauch et al. [46], Weiden and col-
leagues also found a greater decline in FEV, with increasing
alpha-1 antitrypsin (AAT) deficiency [45°].
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Using the same cohort, Naveed and colleagues reported a
relationship between abnormal triglycerides and HDL and el-
evated heart rate and leptin levels to the risk of developing
abnormal lung function after 9/11 [47]. In 2012, Nolan et al.
reported that elevated serum macrophage-derived chemokine
(MDC) and granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) were also associated with an increased risk of
developing an FEV less than the lower limit of normal within
7 years after 9/11 [48].

Finally, Kazeros et al. measured the peripheral eosinophil
count of individuals in the WTC Environmental Health Center
(EHC) cohort, which included local workers, residents, and
clean-up workers [49]. They compared the presence of elevat-
ed eosinophil count, asthma-like symptoms (wheeze, chest
tightness, cough), and spirometry data. They found signifi-
cantly more individuals with wheeze had elevated peripheral
eosinophils than those without wheeze (21 and 13%, respec-
tively). Although few had obstructive airflow pattern on spi-
rometry, those with elevated eosinophil count were more like-
ly to have airflow obstruction (16% with obstruction and 7%
without obstruction).

Future studies involving biomarker abnormalities may help
to better define those at risk for lung injury, its persistence, and
its recovery.

Treatment and Healthcare Utilization

Several studies have evaluated treatment and healthcare utili-
zation in rescue/recovery workers with WTC-related respira-
tory disease. In an analysis of WTC-exposed FDNY fire-
fighters by Niles et al., there was a notable increase in work-
related disability retirements after 9/11. Specifically, most dis-
ability retirements were due to airway disease [42]. The num-
ber of retirements for airways disease peaked in the second
year after 9/11 and remained elevated when compared with
the number of pre-9/11 retirements. In addition, over 70% of
respiratory-related disability retirements occurred in fire-
fighters who arrived to work at the WTC on the day of 9/11
(morning or afternoon), suggesting that intense exposure and
severe respiratory symptoms may have substantially contrib-
uted to respiratory disability.

In 2013, Niles and colleagues identified factors that in-
creased the likelihood that FDNY firefighters would be eval-
uated by a physician for respiratory conditions and treatment
between September 2009 and September 2010 [32]. FDNY
firefighters who arrived within 3 days after 9/11 and those
who were over 45 years of age on 9/11 were statistically more
likely to seek evaluation from a FDNY physician for respira-
tory symptoms in the final year of the study. In addition, those
who reported having one to four respiratory symptoms or
sought any physician evaluation for respiratory symptoms
within 4 years after 9/11 were also most likely to undergo
continued or repeated physician evaluation for respiratory

issues in the final year of the study. Finally, many factors
(age 45 or older on 9/11, asthma or other OAD diagnosis
within 4 years of 9/11, one to four respiratory symptoms with-
in 4 years of 9/11, and abnormal FEV,% predicted by year 4
after 9/11) were significantly associated with filling over
$1000 worth of respiratory prescription medications between
2009 and 2010.

Clearly, the need for continued treatment and healthcare
services for WTC rescue/recovery workers remains substan-
tial. Understanding the trajectory of these diseases and plan-
ning for the long-term health needs of responders remain crit-
ical areas of ongoing investigation.

Conclusion

The above reviewed studies highlight several key factors in
our understanding of WTC-related airway disease. First, the
phenotype of WTC-related airway disease remains difficult to
accurately describe. Traditionally, irritant-induced, occupa-
tional asthma is a disease that improves with removal from
the exposure source. However, several studies have shown
that some WTC rescue/recovery workers experienced pro-
gressive lung dysfunction and some even had a latency period
between the exposure and symptom presentation or a respira-
tory diagnosis. If symptoms occurred shortly after initial WTC
exposure and there is persistence of BHR then RADS would
be the diagnosis. For those with a delay in symptoms and
abnormal lung function, occupational COPD would be a more
likely diagnosis. The WTC-related cough, however, is typical-
ly dry and not entirely consistent with the definition of chronic
bronchitis. Diffusion abnormalities are rare and CT scan find-
ings of emphysema are uncommon. WTC-related airway dis-
ease is likely an entity that overlaps with RADS, occupational
asthma, and COPD. Second, even more than 10 years after
9/11, there remains a strong association between WTC expo-
sure intensity, persistence of respiratory symptoms, lung func-
tion abnormalities, and a diagnosis of respiratory disease. As
highlighted, bronchial hyperreactivity, physical and mental
health comorbidities, and smoking status all affect the extent
and persistence of respiratory symptoms and lung function. In
the future, biomarker studies may help characterize WTC-
related airway disease in terms of its inflammatory character-
istics, and help identify those most sensitive to injury and
those most likely to recover. Perhaps the most important issue
to highlight is the critical need for continued monitoring and
treatment of rescue/recovery workers several decades after a
disaster since it is clear that the extensive health effects of 9/11
exposure could not have been predicted. The health outcomes
of these workers is yet to be fully understood, but with con-
tinued resources and investigation, there is hope that we will
gain a better understanding of the full scope of WTC airway
diseases.

@ Springer



5 Page8of9

Curr Allergy Asthma Rep (2017) 17: 5

Compliance with Ethical Standards

Conflict of Interest Drs. Cleven, Webber, Zeig-Owens, Hena, and
Prezant declare no conflicts of interest relevant to this manuscript.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

* Of importance

e+ Of major importance

10.

11.

Lioy PJ, Weisel CP, Millette JR, Eisenreich S, Vallero D, Offenberg
J, et al. Characterization of the dust/smoke aerosol that settled east
of the World Trade Center (WTC) in lower Manhattan after the
collapse of the WTC 11 September 2001. Environ Health
Perspect. 2002;110(7):703—14.

McGee JK, Chen LC, Cohen MD, Chee GR, Prophete CM,
Haykal-Coates N, et al. Chemical analysis of World Trade Center
fine particulate matter for use in toxicologic assessment. Environ
Health Perspect. 2003;111(7):972-80.

Heyder J Svartengren U. Basic principles of particle behavior in the
human respiratory tract. In: B. H, O. C. C and S. GC, editors. Drug
delivery to the lung. Boca Raton: CRC Press; 2001.

Fireman EM, Lerman Y, Ganor E, Greif J, Fireman-Shoresh S, Lioy
PJ, et al. Induced sputum assessment in New York City firefighters
exposed to World Trade Center dust. Environ Health Perspect.
2004;112(15):1564-9.

Crowley LE, Herbert R, Moline JM, Wallenstein S, Shukla G,
Schechter C, et al. “Sarcoid like” granulomatous pulmonary disease
in World Trade Center disaster responders. Am J Ind Med.
2011;54(3):175-84. doi:10.1002/ajim.20924.

Dasaro CR, Holden WL, Berman KD, Crane MA, Kaplan JR,
Lucchini RG, et al. Cohort profile: World Trade Center Health
Program General Responder Cohort. Int J Epidemiol. 2015.
doi:10.1093/ije/dyv099.

Farfel M, DiGrande L, Brackbill R, Prann A, Cone J,
Friedman S, et al. An overview of 9/11 experiences and
respiratory and mental health conditions among World
Trade Center Health Registry enrollees. J Urban Health.
2008;85(6):880-909. doi:10.1007/s11524-008-9317-4.
Reibman J, Liu M, Cheng Q, Liautaud S, Rogers L, Lau S, et al.
Characteristics of a residential and working community with di-
verse exposure to World Trade Center dust, gas, and fumes. J
Occup Environ Med. 2009;51(5):534-41. doi:10.1097/JOM.0
b013e3181a0365b.

Centers for Disease Control and Prevention. Use of respiratory
protection among responders at the World Trade Center site—
New York City, September 2001. MMWR Morb Mortal Wkly
Rep. 2002;51 Spec No:6-8.

Prezant DJ, Weiden M, Banauch GI, McGuinness G, Rom WN,
Aldrich TK, et al. Cough and bronchial responsiveness in fire-
fighters at the World Trade Center site. N Engl J Med.
2002;347(11):806—15. doi:10.1056/NEJM0a021300.

Webber MP, Gustave J, Lee R, Niles JK, Kelly K, Cohen HW, et al.
Trends in respiratory symptoms of firefighters exposed to the world
trade center disaster: 2001-2005. Environ Health Perspect.
2009;117(6):975-80. doi:10.1289/ehp.0800291.

@ Springer

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

2700

Banauch GI, Alleyne D, Sanchez R, Olender K, Cohen HW, Weiden
M, et al. Persistent hyperreactivity and reactive airway dysfunction in
firefighters at the World Trade Center. Am J Respir Crit Care Med.
2003;168(1):54-62. doi:10.1164/rccm.200211-13290C.

Banauch GI, Hall C, Weiden M, Cohen HW, Aldrich TK,
Christodoulou V, et al. Pulmonary function after exposure to the
World Trade Center collapse in the New York City Fire
Department. Am J Respir Crit Care Med. 2006;174(3):312-9.
doi:10.1164/rcem.200511-17360C.

Skloot GS, Schechter CB, Herbert R, Moline JM, Levin SM,
Crowley LE, et al. Longitudinal assessment of spirometry in the
World Trade Center medical monitoring program. Chest.
2009;135(2):492-8. doi:10.1378/chest.08-1391.

Weiden MD, Ferrier N, Nolan A, Rom WN, Comfort A, Gustave J,
et al. Obstructive airways disease with air trapping among fire-
fighters exposed to World Trade Center dust. Chest. 2010;137(3):
566-74. doi:10.1378/chest.09-1580.

Salzman SH, Moosavy FM, Miskoft JA, Friedmann P, Fried G,
Rosen MJ. Early respiratory abnormalities in emergency services
police officers at the World Trade Center site. J Occup Environ
Med. 2004;46(2):113-22. doi:10.1097/01.jom.0000111612.68916.
do.

Skloot G, Goldman M, Fischler D, Goldman C, Schechter C, Levin
S, et al. Respiratory symptoms and physiologic assessment of iron-
workers at the World Trade Center disaster site. Chest. 2004;125(4):
1248-55. doi:10.1378/chest.125.4.1248.

Tao XG, Massa J, Ashwell L, Davis K, Schwab M, Geyh A. The
world trade center clean up and recovery worker cohort study: re-
spiratory health amongst cleanup workers approximately 20
months after initial exposure at the disaster site. ] Occup Environ
Med. 2007;49(10):1063—72. doi:10.1097/JOM.0b013e31815ac4
8.

Aldrich TK, Gustave J, Hall CB, Cohen HW, Webber MP, Zeig-
Owens R, et al. Lung function in rescue workers at the World Trade
Center after 7 years. N Engl J Med. 2010;362(14):1263-72.
doi:10.1056/NEJM0a0910087.

Brackbill RM, Hadler JL, DiGrande L, Ekenga CC, Farfel MR,
Friedman S, et al. Asthma and posttraumatic stress symptoms 5 to
6 years following exposure to the World Trade Center terrorist
attack. JAMA. 2009;302(5):502—-16. doi:10.1001/jama.2009.1121.
Ekenga CC, Friedman-Jimenez G. Epidemiology of respiratory
health outcomes among World Trade Center disaster workers: re-
view of the literature 10 years after the September 11, 2001 terrorist
attacks. Disaster Med Public Health Prep. 2011;5 Suppl 2:S189-96.
doi:10.1001/dmp.2011.58.

Henneberger PK, Redlich CA, Callahan DB, Harber P, Lemiere C,
Martin J, et al. An official American Thoracic Society statement:
work-exacerbated asthma. Am J Respir Crit Care Med.
2011;184(3):368-78. doi:10.1164/rccm.812011ST.

Fishwick D, Sen D, Barber C, Bradshaw L, Robinson E,
Sumner J, et al. Occupational chronic obstructive pulmonary
disease: a standard of care. Occup Med. 2015;65(4):270-82.
doi:10.1093/occmed/kqv019.

Tan J, Bernstein JA. Occupational asthma: an overview. Curr Allergy
Asthma Rep. 2014;14(5):431. doi:10.1007/s11882-014-043 1-y.
Tarlo SM. Update on work-exacerbated asthma. Int J
Occup Med Environ Health. 2016;29(3):369-74.
doi:10.13075/ijomeh.1896.00676.

Brooks SM, Weiss MA, Bernstein IL. Reactive airways dysfunction
syndrome (RADS). Persistent asthma syndrome after high level
irritant exposures. Chest. 1985;88(3):376-84. doi:10.1378
/chest.88.3.376.

Aldrich TK, Vossbrinck M, Zeig-Owens R, Hall CB, Schwartz TM,
Moir W, et al. Lung function trajectories in World Trade Center-
exposed New York City firefighters over 13 years: the roles of
smoking and smoking cessation. Chest. 2016;149(6):1419-27.


http://dx.doi.org/10.1002/ajim.20924
http://dx.doi.org/10.1093/ije/dyv099
http://dx.doi.org/10.1007/s11524-008-9317-4
http://dx.doi.org/10.1097/JOM.0b013e3181a0365b
http://dx.doi.org/10.1097/JOM.0b013e3181a0365b
http://dx.doi.org/10.1056/NEJMoa021300
http://dx.doi.org/10.1289/ehp.0800291
http://dx.doi.org/10.1164/rccm.200211-1329OC
http://dx.doi.org/10.1164/rccm.200511-1736OC
http://dx.doi.org/10.1378/chest.08-1391
http://dx.doi.org/10.1378/chest.09-1580
http://dx.doi.org/10.1097/01.jom.0000111612.68916.d0
http://dx.doi.org/10.1097/01.jom.0000111612.68916.d0
http://dx.doi.org/10.1378/chest.125.4.1248
http://dx.doi.org/10.1097/JOM.0b013e31815ac4f8
http://dx.doi.org/10.1097/JOM.0b013e31815ac4f8
http://dx.doi.org/10.1056/NEJMoa0910087
http://dx.doi.org/10.1001/jama.2009.1121
http://dx.doi.org/10.1001/dmp.2011.58
http://dx.doi.org/10.1164/rccm.812011ST
http://dx.doi.org/10.1093/occmed/kqv019
http://dx.doi.org/10.1007/s11882-014-0431-y
http://dx.doi.org/10.13075/ijomeh.1896.00676
http://dx.doi.org/10.1378/chest.88.3.376
http://dx.doi.org/10.1378/chest.88.3.376

Curr Allergy Asthma Rep (2017) 17: 5

Page 9 of9 5§

28.

29.

30.

32.

33.

34.

35.

36.

37

38.ee

doi:10.1016/j.chest.2015.10.067. Follow-up summary of changes
in lung function in WTC-exposed FDNY firefighters 13 years
after 9/11. Paper highlights lack of lung function recovery and
benefits of smoking cessation in this cohort.

Berger KI, Turetz M, Liu M, Shao Y, Kazeros A, Parsia S,
et al. Oscillometry complements spirometry in evaluation of
subjects following toxic inhalation. ERJ Open Res.
2015;1(2). doi:10.1183/23120541.00043-2015.

Berger KI, Kalish S, Shao Y, Marmor M, Kazeros A, Oppenheimer
BW, et al. Isolated small airway reactivity during
bronchoprovocation as a mechanism for respiratory symptoms in
WTC dust-exposed community members. Am J Ind Med.
2016;59(9):767-76. doi:10.1002/ajim.22639.

Soo J, Webber MP, Hall CB, Cohen HW, Schwartz TM, Kelly KJ,
et al. Pulmonary function predicting confirmed recovery from lower-
respiratory symptoms in World Trade Center-exposed firefighters,
2001 to 2010. Chest. 2012;142(5):1244-50. doi:10.1378/chest.11-
2210.

Webber MP, Glaser MS, Weakley J, Soo J, Ye F, Zeig-Owens R,
et al. Physician-diagnosed respiratory conditions and mental health
symptoms 7-9 years following the World Trade Center disaster.
Am J Ind Med. 2011;54(9):661-71. doi:10.1002/ajim.20993.
Niles JK, Webber MP, Cohen HW, Hall CB, Zeig-Owens R, Ye F,
et al. The respiratory pyramid: from symptoms to disease in World
Trade Center exposed firefighters. Am J Ind Med. 2013.
doi:10.1002/ajim.22171.

Hall CB, Liu V, Zeig-Owens R, Webber MP, Aldrich TK, Weakley
J, et al. The duration of an exposure response gradient between
incident obstructive airways disease and work at the World Trade
Center site: 2001-2011. PLoS Curr. 2015;7. doi:10.1371/currents.
dis.8293e7682624698558a76alfa8c5893f

Weakley J, Webber MP, Gustave J, Kelly K, Cohen HW, Hall CB,
et al. Trends in respiratory diagnoses and symptoms of firefighters
exposed to the World Trade Center disaster: 2005-2010. Prev Med.
2011;53(6):364-9. doi:10.1016/j.ypmed.2011.09.001.

Yip J, Zeig-Owens R, Webber MP, Kablanian A, Hall CB,
Vossbrinck M, et al. World Trade Center-related physical and men-
tal health burden among New York City Fire Department emergen-
cy medical service workers. Occup Environ Med. 2016;73(1):13—
20. doi:10.1136/0oemed-2014-102601.

Kim H, Herbert R, Landrigan P, Markowitz SB, Moline JM, Savitz
DA, et al. Increased rates of asthma among World Trade Center
disaster responders. Am J Ind Med. 2012;55(1):44-53.
doi:10.1002/ajim.21025.

Wisnivesky JP, Teitelbaum SL, Todd AC, Boffetta P, Crane M,
Crowley L, et al. Persistence of multiple illnesses in World Trade
Center rescue and recovery workers: a cohort study. Lancet.
2011;378(9794):888-97. doi:10.1016/S0140-6736(11)61180-X.
Study reports the incidence and prevalence of physical and
mental health disorders 9 years since 9/11 and their
associations with WTC exposures.

Aldrich TK, Weakley J, Dhar S, Hall CB, Crosse T, Banauch GI,
et al. Bronchial reactivity and lung function after World Trade
Center exposure. Chest. 2016. doi:10.1016/j.chest.2016.07.005.

39.

40.

41.

42.

43.

44,

45..

46.

47.

48.

49.

Publication highlights the relationship between bronchial
hyperreactivity, lung function, and respiratory symptoms in
FDNY cohort.

Li J, Brackbill RM, Stellman SD, Farfel MR, Miller-Archie SA,
Friedman S, et al. Gastroesophageal reflux symptoms and comorbid
asthma and posttraumatic stress disorder following the 9/11 terrorist
attacks on World Trade Center in New York City. Am J
Gastroenterol. 2011;106(11):1933—-41. doi:10.1038/ajg.2011.300.
Li J, Brackbill RM, Jordan HT, Cone JE, Farfel MR, Stellman SD.
Effect of asthma and PTSD on persistence and onset of gastro-
esophageal reflux symptoms among adults exposed to the
September 11, 2001, terrorist attacks. Am J Ind Med. 2016;59(9):
805—14. doi:10.1002/ajim.22644.

Jordan HT, Stellman SD, Reibman J, Farfel MR, Brackbill RM,
Friedman SM, et al. Factors associated with poor control of 9/11-related
asthma 1011 years after the 2001 World Trade Center terrorist attacks.
J Asthma. 2015;52(6):630-7. doi:10.3109/02770903.2014.999083.
Niles JK, Webber MP, Gustave J, Cohen HW, Zeig-Owens R, Kelly
KJ, et al. Comorbid trends in World Trade Center cough syndrome
and probable posttraumatic stress disorder in firefighters. Chest.
2011;140(5):1146-54. doi:10.1378/chest.10-2066.

Mindlis I, Morales-Raveendran E, Goodman E, Xu K, Vila-Castelar
C, Keller K, et al. Post-traumatic stress disorder dimensions and
asthma morbidity in World Trade Center rescue and recovery
workers. J Asthma. 2016. doi:10.1080/02770903.2016.1263650.
Friedman SM, Farfel MR, Maslow C, Jordan HT, Li J, Alper H,
et al. Risk factors for and consequences of persistent lower respira-
tory symptoms among World Trade Center Health Registrants 10
years after the disaster. Occup Environ Med. 2016;73(10):676-84.
doi:10.1136/0emed-2015-103512.

Weiden MD, Kwon S, Caraher E, Berger K1, Reibman J, Rom WN,
et al. Biomarkers of World Trade Center particulate matter expo-
sure: physiology of distal airway and blood biomarkers that predict
FEV(1) decline. Semin Respir Crit Care Med. 2015;36(3):323-33.
doi:10.1055/5-0035-1547349. Case-cohort study evaluating
associations between biomarkers and lung function in WTC-
exposed FDNY cohort.

Banauch GI, Brantly M, Izbicki G, Hall C, Shanske A, Chavko R,
et al. Accelerated spirometric decline in New York City firefighters
with alpha(1)-antitrypsin deficiency. Chest. 2010;138(5):1116-24.
doi:10.1378/chest.10-0187.

Naveed B, Weiden MD, Kwon S, Gracely EJ, Comfort AL, Ferrier
N, et al. Metabolic syndrome biomarkers predict lung function im-
pairment: a nested case—control study. Am J Respir Crit Care Med.
2012;185(4):392-9. doi:10.1164/rccm.201109-16720C.

Nolan A, Naveed B, Comfort AL, Ferrier N, Hall CB, Kwon S,
et al. Inflammatory biomarkers predict airflow obstruction after
exposure to World Trade Center dust. Chest. 2012;142(2):412-8.
doi:10.1378/chest.11-1202.

Kazeros A, Maa MT, Patrawalla P, Liu M, Shao Y, Qian M,
et al. Elevated peripheral eosinophils are associated with
new-onset and persistent wheeze and airflow obstruction in
World Trade Center-exposed individuals. J Asthma.
2013;50(1):25-32. doi:10.3109/02770903.2012.743149.

@ Springer


http://dx.doi.org/10.1016/j.chest.2015.10.067
http://dx.doi.org/10.1183/23120541.00043-2015
http://dx.doi.org/10.1002/ajim.22639
http://dx.doi.org/10.1378/chest.11-2210
http://dx.doi.org/10.1378/chest.11-2210
http://dx.doi.org/10.1002/ajim.20993
http://dx.doi.org/10.1002/ajim.22171
http://dx.doi.org/10.1371/currents.dis.8a93e7682624698558a76a1fa8c5893f
http://dx.doi.org/10.1371/currents.dis.8a93e7682624698558a76a1fa8c5893f
http://dx.doi.org/10.1016/j.ypmed.2011.09.001
http://dx.doi.org/10.1136/oemed-2014-102601
http://dx.doi.org/10.1002/ajim.21025
http://dx.doi.org/10.1016/S0140-6736(11)61180-X
http://dx.doi.org/10.1016/j.chest.2016.07.005
http://dx.doi.org/10.1038/ajg.2011.300
http://dx.doi.org/10.1002/ajim.22644
http://dx.doi.org/10.3109/02770903.2014.999083
http://dx.doi.org/10.1378/chest.10-2066
http://dx.doi.org/10.1080/02770903.2016.1263650
http://dx.doi.org/10.1136/oemed-2015-103512
http://dx.doi.org/10.1055/s-0035-1547349
http://dx.doi.org/10.1378/chest.10-0187
http://dx.doi.org/10.1164/rccm.201109-1672OC
http://dx.doi.org/10.1378/chest.11-1202
http://dx.doi.org/10.3109/02770903.2012.743149

Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.





