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Abstract

Introduction: Asthma-chronic obstructive pulmonary disease (COPD) overlap (ACO) is a newly
redefined form of chronic airway disease and has not been well studied among 9/11-exposed
populations with increased prevalence of asthma. We assessed the prevalence and risk factors
associated with ACO in an exposure cohort of World Trade Center Health Registry (WTCHR)
enrollees.

Methods: This is a longitudinal study, including enrollees with complete data on 9/11/01
exposure at enrollment (2003-2004, Wave 1), asthma and COPD diagnoses and at least 25 years
of age at the time of the 2015-2016 (Wave 4) WTCHR survey. Probable ACO was defined as
self-reported post-9/11 physician-diagnosed asthma and either emphysema, chronic bronchitis,
or COPD. We evaluated whether probable ACO was associated with World Trade Center (WTC)-
related exposures, using multivariable logistic regression.

Results: Of 36,864 Wave 4 participants, 29,911 were eligible for this analysis, and 1,495 (5.0%)
had self-reported post-9/11 probable ACO. After adjusting for demographics and smoking status,
we found 38% increased odds of having ACO in enrollees with exposure to the dust cloud, and
up to 3.39 times the odds in those with =3 injuries sustained on 9/11. Among rescue/recovery
workers, ever working on the pile, on the pile on 9/11 or 9/12/01, or working on the WTC site for
>7 days showed increased odds ratios of having ACO.

Conclusion: Probable ACO is associated with WTC exposures. Further study of ACO is needed
to understand the development of this and other environmentally or occupationally-related airway
diseases, and how to prevent these in disasters like 9/11.
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Introduction

Persons exposed to the 9/11/2001 World Trade Center (WTC) disaster have experienced
multiple adverse health outcomes associated with the complex mixture of dust, combustion
products, other chemical substances and stressful events that occurred during and subsequent
to the building collapses (1-4). Asthma and chronic obstructive pulmonary disease (COPD)
(5,6), as well as a heterogeneous group of lower airway diseases (7) are conditions reported
among WTC-exposed populations. The Asthma-COPD overlap (ACO) is a well-recognized
(8) but re-defined chronic lower respiratory disease (9). In 2014, the Global Initiative for
Asthma and the Global Initiative for Chronic Obstructive Lung Disease jointly published

a consensus description of ACO for clinical use. Asthma-COPD Overlap was defined as

a condition “characterized by persistent airflow limitation with several features usually
associated with asthma and several features usually associated with COPD” (8,10). Patients
with ACO experience more frequent exacerbations with dyspnea and respiratory distress,
have a worse health-related quality of life, have a more rapid decline in lung function and
use more health services than patients with asthma or COPD alone (11). In a study of 2137
New York City firefighters exposed to the WTC 9/11/01 disaster with clinically indicated
post bronchodilator pulmonary function testing, ACO was diagnosed in 99 subjects (4.6%),
and was predicted by an elevated early post-9/11 blood eosinophil concentration (12).

ACO shares many of the same disease risk factors as COPD, including smoking, advancing
age and history of asthma (13). Exposure to air pollution has been linked to the development
of asthma and COPD, but its effect on ACO is not well studied. One recent Canadian study
found that patients with higher cumulative exposure to fine particulate matter and ozone

had nearly threefold greater odds of developing ACO (14). Occupational exposures were
associated with ACO in unadjusted but not adjusted analyses in a French study (15), but
COPD was more prevalent among workers with current work- vs. non-work-related asthma
(16).

The epidemiology of ACO has recently been summarized (13,17-19). The prevalence of
ACO depends on which population or age group is studied, and which definition is used.

In the United States, the prevalence of self-reported/physician diagnosed asthma and COPD
in the third phase of the National Health and Nutrition Examination Survey (NHANES

I11) among those aged at least 25 years was reported as 2.7% (20). The estimate based on
Behavioral Risk Factor Surveillance System (BRFSS) data on subjects aged at least 35 years
was 3.2% (17).

In the current study of World Trade Center Health Registry enrollees, we examined whether
there may be an association between WTC disaster exposure and ACO. We hypothesized
that 9/11 exposures, may be risk factors for having ACO.

Materials and methods

Study sample and data source

The WTC Health Registry was designed as a longitudinal closed cohort study involving
rescue/recovery workers and volunteers (hereinafter referred to as “RRW™), as well as
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local-residents, passershy, area workers, students and teachers (hereinafter referred as
“survivors”). Enrollees were recruited through lower Manhattan area building or employer
lists, visits to firehouse and police precincts, outreach through local merchant displays or
through a toll-free telephone number or website. In 2003-2004, 71,431 persons enrolled in
the Registry and completed a baseline survey (Wave 1, W1) by phone (95%) or in-person
interview (5%). Enrollees have been re-surveyed every three to four years subsequently. The
most recent follow-up survey (Wave 4, W4) was carried out in 2015-2016. We used data
from W1 on WTC exposures, seX, race/ethnicity, and W4 for data on health conditions,

age, marital status, smoking status, education and income. We included all active Wave 4
participants at least 25 years of age at the time of the W4 survey. Participants were excluded
if (1) they had a pre-2001 asthma diagnosis (n7= 2,201), (2) missing responses at W4 on
asthma (7= 2,683), chronic bronchitis (n7= 481), emphysema/COPD (= 309), (3) missing
responses at W1 on injury count (n7=201), or dust exposure (1= 131), or (4) W4 survey
form either filled out by proxy or missing proxy information (/7= 607) (Figure 1).

Outcome variable

Asthma was defined as present if participants reported on the Wave 4 survey having a
physician diagnosis of asthma between 2001 and 2016. COPD was defined as present if
participants reported on the Wave 4 survey having a physician diagnosis of emphysema,
chronic bronchitis or COPD between 2001 and 2016. ACO was then defined as present if
both post-9/11 diagnoses of asthma and COPD were reported on the W4 survey.

World Trade Center exposures and covariates

Information on WTC exposure were self-reported at W1. They included being caught in

the dust or debris cloud on 9/11, and number of physical injuries (0 to 5) other than eye
injuries sustained on 9/11. Specific WTC exposures limited to RRW included working on
the 16-acre pile of rubble (“the pile”) within the first 48 h, working on the pile any time
during 9/11/2001 — 6/30/2002, and cumulative days worked at the WTC site (categorized as
1to 7 days, =7 to 30 days, >30 to 90 days and >90 days). The boundaries of the World Trade
Center site include Chambers Street to the North, Rector Street or Rector Place on the South,
Broadway on the East, and the Hudson River on the West.

Covariates included information reported at W4: sex, smoking status (current, former,
never), age (25-44 years, 45-64 years, 65+ years), marital status (married, never married,
not married — living with a partner, widowed, divorced or separated), race/ethnicity, annual
income, and educational level.

Statistical analysis

Unconditional logistic regression models were used to assess the associations between
probable ACO (compared to enrollees without asthma and/or COPD) at W4 and WTC
exposures, for the entire group, and for RRW and subgroups. All covariates above were
included in all models.

All analyses were performed using SAS software (SAS Institute, Cary, NC. v9.4).
Significance level was set at two-sided p < 0.05. This study received Institutional Review
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Board (IRB) exemption from the Icahn School of Medicine and was approved by the IRB
for the NYC Department of Health and Mental Hygiene.

A total of 29 911 Wave 4 participants met the inclusion criteria. Probable ACO following
9/11/01 was reported by 1495 (5.00%), asthma alone by 2172 (7.26%), and COPD alone by
1508 (5.04%) subjects. Table 1 shows the prevalence of post-9/11 ACO, asthma and COPD
by socio-demographic characteristics of the study population. Those who were widowed

or divorced/separated, had lower education or income level, of older age, or were current
smokers had a higher prevalence of ACO than those without either asthma or COPD.

Table 2 shows the prevalence of ACO status by WTC exposure among both survivors and
RRW, and by specific WTC exposures among the latter. The prevalence of ACO was 3.22%
among survivors, and 6.97% among RRW. Increased prevalence of ACO was seen among
both survivors and RRW who were exposed to the dust cloud, those who reported increased
number of injuries on 9/11/01, and among RRW who ever worked on the pile, who worked
on the pile on 9/11/01 or 9/12/01, and who worked more days on the WTC site. There were
also consistently higher prevalence of both asthma alone and COPD alone among those with
more WTC-related exposures, and among RRW than survivors.

Table 3 shows results of multivariable logistic regression modeling of the association
between probable post-9/11/01 ACO versus those without asthma or COPD, assessing
reported work on the pile, duration of work at WTC site, arrival to work in the first 48

h, number of injuries on 9/11 and dust cloud exposure reported at W1, adjusting for age,
sex, income, marital status, education and smoking reported at W4. Among both rescue
and recovery workers and survivors, ACO was significantly associated with dust cloud
exposure (adjusted OR, AOR = 1.38, 95% CI = 1.29-1.47) and the number of physical
injuries reported (One injury vs. None: AOR = 1.68, 95% CI = 1.53-1.84, two injuries:
AOR=2.28, 95% CI = 1.95-2.66, three or more injuries: AOR = 3.39, 95% CI = 2.57-4.46).
Among rescue and recovery workers, ACO was significantly associated with work on the
pile anytime during the nine months of rescue/recovery operations (AOR = 1.74, 95% ClI

= 1.58-1.92), working on the pile on 9/11/01 and/or 9/12/01 (AOR = 2.48, 95% CI =
2.27-2.71), and duration of work on the pile from >7 to 30 days (AOR =1.33, 95% CI =
1.19-1.49), >30-90 days (AOR = 1.77, 95% CI = 1.56-2.01), >90 days (AOR = 1.89, 95%
Cl = 1.66-2.16), compared to <7 days of work on WTC site. There were no significant
interactions between smoking and WTC exposures (data not presented).

Discussion

In this large study population of WTCHR enrollees who participated in the Registry’s
Wave 4 (2015-2016) survey we identified cases of probable ACO based on self-reported
post-9/11 physician diagnosed asthma and COPD. Our results suggest a high prevalence of
ACO particularly among those who had higher levels of WTC-related environmental and
occupational exposures following the 9/11 attacks.
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A previous study of NYC firefighters (12) did not find a significant association between
high exposure to the 9/11 attacks and ACO. The authors suggested that an intense brief
irritant exposure did not increase the risk of airway remodeling. However, our current
study involved a much larger sample, with a broader range of participants, including both
rescue and non-rescue and recovery survivors, with differing types of exposures, including
longer exposure duration, and not selected on the basis of disease status. Additionally, that
study included a nonrandom subgroup of their cohort (2137/9958) who underwent clinically
indicated bronchodilator response testing, and was subject to further misclassification by
defining asthma by the presence of such response (which COPD patients can have), and
COPD by at least one test with fixed obstruction (which can be unstable as a means to
diagnose COPD) (21). These factors likely explain the differences between the two studies.

Exposures to the WTC building collapses, with their resulting high levels of dust and

acute injuries, as well as high levels of emotional stress, have resulted in multiple health
problems, particularly adverse respiratory outcomes, primarily asthma (22), but also other
chronic lower airway diseases (7). Thus, it is not surprising that ACO is emerging as a health
concern among those most highly exposed. The resulting public health impacts include the
likelihood of a more severe spectrum of disease among those affected, compared to those
with asthma or COPD alone (11).

In the United States, the prevalence of self-reported physician-diagnosed ACO has been
reported to be 2.7-3.4% (17,20,23-25). A review of international studies of prevalence
found a pooled prevalence of ACO in the general population was 2.0% (95% CI: 1.4-2.6%)
(19). The prevalence of post-9/11 self-reported and concurrent physician-diagnosed asthma
and COPD found in our study is higher (3.22% among survivors, 6.97% among RRW). The
age distribution of ACO patients found in our study was similar to previous studies, in that
people with asthma were younger than those with ACO and the latter younger than those
with COPD (11,20).

Besides age, smoking is well known to impact ACO prevalence. A study among primary
care patients in Finland found a high prevalence of ACO (27%) among older asthmatics with
a positive smoking history, but no previous diagnosis of COPD (26). In another study, ACO
and COPD alone included a substantial proportion of older persons and exhibited similarly
high rates of current smoking (27). In our study, smoking status at W4 was positively
associated with both COPD and ACO; however, the strength of the association was much
higher for COPD than for ACO.

In contrast to general demographic characteristics, the potential impact of occupational
exposures on ACO prevalence has received less attention. Importantly, a recent study

based on the BRFSS survey suggested higher prevalence ratios of COPD among subjects
with work- vs. non-work-related asthma (16). Other than etiology, few pathophysiological
features differentiate work-related from -unrelated asthma (4), so they would not be
expected to differ in their ability to overlap with COPD. Analyses of mortality have

indeed identified higher risks in a number of industries and occupations (28). Many of
these industries and occupations had exposure to vapors, gas, dust, or fumes at work (29)
suggesting that irritant or toxic exposures may be associated with an increased risk of ACO.
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Overall, the results of Table 2 show that ACO, asthma, and COPD are all associated with
WTC-related occupational exposures, with somewhat stronger associations noted for ACO.

While we have a relatively large study sample of 9/11 exposed populations, our study

has several limitations. The definitions of asthma and COPD were based on self-reported
physician-diagnoses of the disease and were not validated with lung function testing or
medical record review. As such, the results may be subject to recall, surveillance, and
reporting bias. However, these definitions have been widely used in large national (15,17,23)
and international population-based surveys (19) and have proved to be reasonably reliable,
and comparable to those of our study. Our definition of COPD was based on the physician
diagnosis of at least one of three conditions (COPD, emphysema, or chronic bronchitis),
e.g. as a diagnosis of chronic bronchitis, or a finding of emphysema by themselves do not
meet present diagnostic criteria for COPD. This might have resulted in an overestimation

of the actual prevalence of COPD. It is also likely that our definition of diseases based

on physician diagnoses could have led to under-diagnoses of a certain proportion of the
population. This study was unable to control for obesity and weight gain, a risk factor

for poorer respiratory health (15,17,30,31), smoking intensity, and smoking status at any
time other than W4, and for pre-9/11 occupational exposures, a risk factor for both asthma
and COPD (32). In an individual enrollee the clinical assessment of obstructive airway
disease requiring objective confirmation by spirometry criteria may have not been available
to their treating physicians, and which were not available in our study. However, ACO
studies based on spirometry may have limited generalizability too. Primary care providers
frequently lack access to spirometry to establish obstructive airway disease diagnoses, and
older patients who are weak and cognitively impaired may have difficulty performing
spirometry (33,34). Importantly, the predominant spirometric abnormality in WTC RRW has
been nonobstructive low forced vital capacity (3,4,7,35,36), which is not clearly diagnostic
of either asthma or COPD, and can be a transitional state to and from COPD (37). As the
recognition of ACO is experiencing a resurgence, future research should consider validating
a health administrative definition of ACO that can be used globally to identify individuals
with ACO and link them to other health administrative data. Data on treatment differences
between those with ACO compared with asthma or COPD alone were not available for
WTCHR Enrollees.

Probable Posttraumatic Stress Disorder (PTSD) has been found to be a precursor of both
clinically significant bronchodilator response and incident asthma among WTC rescue and
recovery workers and volunteers (38). The question whether PTSD is associated with the
later development of ACO was not examined in the current study.

Selection bias is a consideration in this study due to attrition inherent in the longitudinal
study design. This has been evaluated in prior Registry studies, where response rates to
the W2 survey did not vary by type of exposure (29), and none of the disaster exposure
measures measured at the W1 survey were associated with W3 nonparticipation (23).

To improve patient classification, more research is needed to develop more objective criteria,
including biomarkers that are generalizable (39,40), and to better understand the molecular
mechanisms of ACO and its related phenotypes. ACO is presently diagnosed by clinicians
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in longstanding/aging and/or smoking asthmatics (13). Recent investigations also suggest
that ACO occurs in COPD with eosinophilia/TH2 dominant inflammatory markers, and in
steroid-resistant asthmatics with neutrophilic inflammation (41,42). Another study suggests
that there may be different genetic involvement in ACO than in typical COPD or in asthma
(43). If confirmed by further studies, these biomarkers may allow for more precise ACO
diagnoses in the future.

This study found that those exposed to the dust cloud resulting from the collapse of the
WTC towers, those reporting higher number of injuries, and work as rescue and recovery
worker at the WTC site had greater odds ratios of developing ACO, adjusting for risk factors
of sex, race/ethnicity, marital status, income, age, education, and current smoking. Future
research using clinical evidence to define ACO may provide additional insight into the effect
of 9/11 exposure on ACQ. This research provides further evidence on the association of
ACO with exposure to toxins or irritants. Better knowledge of the risk of environmental
exposures in the development of ACO may help us better understand and prevent the
progressive deterioration of lung function that may lead to ACO following large irritant
exposures such as that what occurred at the WTC disaster site, or, more broadly, in high-risk
occupational settings.
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Wave 4 Participants

N=36,862

Page 11

Age <25 at W4 or age missing: N=338

Pre-2001 asthma reported at W4: N=2201

Missing response on asthma at W4: N=2683

Missing response on chronic bronchitis at W4: N=481

Missing response on emphysema/COPD at W4: N=309

N=30,670

Missing response on injury count at W1: N=201
Missing response on Dust at W1: N=131

Proxy interview or missing proxy variable at W4: N=607

N=29,911

Figurel.

Flow chart of participation - asthma-COPD overlap syndrome (ACOS).
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Table 3.
Adjusted odds ratio for World Trade Center exposures and ACO in WTCHR enrollees, 2015-16.

ACO
AOR  (95% ClI)

Among all (N =29,911)

Dust cloud exposure on 9/11

No 1.00
Yes 1.38  (1.29-1.47)
Number of injuries on 9/11 1.00
None
1injury 1.68 (1.53-1.84)
2 injuries 2.28  (1.95-2.66)
3 or more injuries 339 (2.57-4.46)

Among RRW (N = 14,168)
Ever worked on the pile during 9/11-6/30/02

No 1.00

Yes 1.74  (1.58-1.92)
Worked on WTC pile on 9/11 or 9/12

No 1.00

Yes 248  (2.27-2.71)
Days worked on the WTC pile

<7 1.00

>710 30 133 (1.19-1.49)

>30 to 90 177 (1.56-2.01)

>90 1.89  (1.66-2.16)

Separate multivariable logistic regression models were run for each of the exposure variables listed in this table, adjusting for gender, age group,
educational level, race/ethnicity, marital status, income and current smoking status at W4.
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