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ABSTRACT
Objectives The prevalence of persistent lower
respiratory symptoms (LRS) among rescue/recovery
workers, local area workers, residents and passers-by in
the World Trade Center Health Registry (WTCHR) was
analysed to identify associated factors and to measure
its effect on quality of life (QoL) 10 years after 9/11/
2001.
Methods This cross-sectional study included 18 913
adults who completed 3 WTCHR surveys (2003–2004
(Wave 1 (W1)), 2006–2007 (Wave 2 (W2)) and 2011–
2012 (Wave 3 (W3)). LRS were defined as self-reported
cough, wheeze, dyspnoea or inhaler use in the 30 days
before survey. The prevalence of three LRS outcomes:
LRS at W1; LRS at W1 and W2; and LRS at W1, W2
and W3 (persistent LRS) was compared with no LRS on
WTC exposure and probable mental health conditions
determined by standard screening tests. Diminished
physical and mental health QoL measures were
examined as potential LRS outcomes, using multivariable
logistic and Poisson regression.
Results Of the 4 outcomes, persistent LRS was
reported by 14.7%. Adjusted ORs for disaster exposure,
probable post-traumatic stress disorder (PTSD) at W2,
lacking college education and obesity were incrementally
higher moving from LRS at W1, LRS at W1 and W2 to
persistent LRS. Half of those with persistent LRS were
comorbid for probable PTSD, depression or generalised
anxiety disorder. Enrollees with persistent LRS were
3 times more likely to report poor physical health and
∼ 50% more likely to report poor mental health than
the no LRS group.
Conclusions LRS, accompanied by mental health
conditions and decreased QoL, have persisted for at least
10 years after 9/11/2001. Affected adults require
continuing surveillance and treatment.

BACKGROUND
New onset lower respiratory symptoms (LRS) were
reported by people directly exposed to the World
Trade Center (WTC) attack in the weeks following
11 September 2001.1 Although the prevalence of
frequent cough in firefighters fell from 54% in the
first year after 9/11 to 17% in year 2, the preva-
lence of dyspnoea and wheeze remained elevated
through 4 years of follow-up.2 Other rescue/recov-
ery workers, local area workers and residents also
experienced a high prevalence of persistent LRS3–6

in the first 5 years after 9/11. Reibman et al7

described cough (46%), wheeze (27%) and

dyspnoea on exertion (67%) in local area workers
and residents, clean-up workers and rescue/recovery
workers seeking treatment up to May 2008. The
prevalence of these symptoms was similar within
each of these distinct exposure groups. The risk of
persistent symptoms over the first 4 years post-9/11
in firefighters has been associated with earlier
arrival time and longer duration at the site2 and in
residents and local area workers, with greater
exposure to settled dust at home or at work.8

Weakley et al9 reported stabilisation of the elevated
prevalence of dyspnoea and wheeze among firefigh-
ters studied 5–9 years after 9/11. Wisnivesky et al10

documented an asthma prevalence of 18.1% in
other rescue/recovery workers after 9 years.
To date, few data are available to determine

whether the prevalence of LRS among 9/11-exposed
people has remained elevated beyond 2010. Yip
et al11 reported an elevated cumulative incidence of
obstructive airways disease proportional to exposure
in emergency medical service workers at 12 years
after 9/11. More than two-thirds of WTC Health
Registry (WTCHR) enrollees who were diagnosed
with asthma within 2 years of being exposed to 9/11
reported poorly or very poorly controlled asthma as
of 2010–2011,12 but the prevalence of LRS in the
overall Registry population has not been described
since 2009.4

Among all WTC disaster-exposed groups, an
increased prevalence of persistent LRS has been
associated with post-traumatic stress disorder
(PTSD), depression and generalised anxiety dis-
order (GAD) even while adjusting for intensity of
exposure to the disaster.10 13–17 Luft et al16 study-
ing police and non-traditional responders (clean-up
workers, building trades, transportation workers,
clergy and others) suggested that PTSD mediates
the association between exposure and LRS. Kotov
et al18 analysed longitudinal data on these workers
to demonstrate that PTSD increased the likelihood
of LRS onset and decreased the rate of LRS
remission.
LRS, especially in combination with PTSD,

have been associated with indicators of poor
quality of life (QoL) in WTCHR rescue/recovery
workers, local area workers, residents and
passersby.15 17 Reduced QoL in firefighters and
EMS workers has been attributed to physical condi-
tions (including lower respiratory disease) and
mental health conditions (including PTSD, depres-
sion and GAD).19
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The objectives of this study are to document the persistence
of LRS through 2011–2012 among adult rescue/recovery
workers, residents, local area workers and passers-by enrolled in
the WTCHR, to identify factors, such as disaster exposure and
comorbid mental health conditions, which may increase the
likelihood of persistent symptoms, and to gauge the impact of
LRS on QoL.

METHODS
The Registry comprises individuals who met criteria for expos-
ure to the disaster on or after 9/11/2001.20 These included (A)
rescue, recovery and clean-up workers at the WTC site for at
least one shift between 11 September 2001 and 30 June 2002,
(B) Manhattan residents whose home address was below Canal
Street, (C) local area workers whose place of work was below
Chambers Street; and (D) passers-by in the area below
Chambers Street on 9/11. Individuals were solicited from lists of
potentially exposed adults provided by employers and govern-
ment agencies (list-identified) or enrolled through an outreach
and media campaign (self-identified). A total of 68 046 adults
aged ≥18 responded to the first Registry survey (Wave 1 or W1,
2003–2004), 46 020 (67.6%) of these responded to the second
Registry survey (Wave 2 or W2, 2006–2007) and 42 395
responded to the third survey (Wave 3 or W3).

Ethical approval
The Institutional Review Boards of the New York City
Department of Health and Mental Hygiene and the Centers for
Disease Control and Prevention approved the Registry
protocols.

Respiratory outcomes
LRS at W1 were defined as reported post-9/11 onset of wheeze,
shortness of breath or persistent cough. For W2 and W3,
number of symptomatic days and use of a physician-prescribed
inhaler were added to the questionnaire; LRS in these surveys
were defined as wheeze, shortness of breath or persistent cough
for at least 8 of the 30 days prior to answering the survey or
using an inhaler in the preceding 30 days.21 In W3, symptoms
were further specified to exclude those related to a cold, influ-
enza or seasonal allergies.

Eight outcomes reflect the combinations of the presence or
absence of LRS at W1, W2 and W3. Four were the focus of
study: no LRS (−,−,−); LRS at W1 only (+,−,−), that is, LRS
that had abated by W2; LRS at W1 and W2 only (+,+,−), that
is, LRS that had abated by W3; and LRS at W1, W2 and W3
(+,+,+), ‘persistent LRS’. Persistence of LRS is defined as LRS
at W1, and LRS for at least 8 days or inhaler use in the 30 days
before W2 and W3 (+,+,+). This duration and continuation of
symptoms is likely to represent more severe illness. These four
outcomes were chosen because they most clearly trace the
trajectory of symptoms possibly attributable to the disaster,
either resolving or continuing through W3. The remaining four
outcomes entail intermittent symptoms or onset of symptoms
5–10 years post-9/11.

Study sample
The analysis was limited to the adults who participated in the
W1, W2 and W3 surveys (n=35 857, figure 1). In order to con-
centrate on illness more likely attributable to WTC disaster
exposures, enrollees who reported a pre-9/11 history of LRS

Figure 1 Study population flow
diagram listing exclusions and
resulting four study groups.
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(3910) or pre-9/11 diagnosed chronic respiratory disease
(asthma, reactive airways dysfunction syndrome, chronic bron-
chitis, emphysema, pulmonary fibrosis, sarcoidosis or other lung
disease) (6008) were excluded, leaving 25 939. A conservative
approach requiring consistency of response for the date of
respiratory disease diagnosis across the three surveys was used in
ascertaining the post-9/11 status. Symptom and inhaler use
data sufficient to determine the trajectory of LRS were available
for 22 434 of 25 939 (86.5%). Of these, 18 913 (84.3%) were
in the four groups, which are the focus of this report: (−,−,−),
(+,−,−), (+,+,−) and (+,+,+).

Analysis variables
Demographic variables included age on 9/11/2001, gender,
racial/ethnic group and educational level at W1 and body mass
index (BMI), smoking, marital status and social integration at
W3. Social integration at W3 was based on the following cri-
teria: having >3 close friends or relatives, and in the past 30
days, communicating with friends at least twice, attending a reli-
gious service at least twice, and being actively involved in a vol-
unteer organization or club. Having each of these relationships
or activities was counted as one point, and the categories were
summed. A total of 0–1 was considered low social integration, 2
was medium and 3–4 was high.22 Exposure was measured using
a general matrix of WTC-associated physically and mentally
challenging experiences.22 Since a combination of physical and
psychological trauma exposures has driven the co-occurrence of
respiratory symptoms and mental health problems, a scale that
encompasses the full range of 9/11 exposures was used. This
scale is a summation of the following 12 items each scored as 1
(present) or 0 (absent): (1) being in the North or South WTC
towers or another building that collapsed in the attack; (2) wit-
nessing three or more events (seeing planes hit the buildings,
buildings collapsing, people falling or jumping from buildings,
people injured or people running); (3) fear of being injured or
killed; (4) having a relative killed on 9/11; (5) having a friend
killed on 9/11; (6) having a coworker killed on 9/11; (7) intense
dust cloud exposure; (8) having lost or damaged possessions;
(9) sustaining an injury other than eye irritation or injury; (10)
being a rescue/recovery or clean-up worker; (11) evacuating
one’s home for at least 24 hours after 9/11; and (12) losing
one’s job because of 9/11. Exposure was classified as low (0–1),
medium (2–3), high (4–5) and very high (≥6 experiences).

The classification of probable PTSD 5–6 years after 9/11 was
based on the score on the PTSD checklist (PCL) specific for the
WTC disaster included in W2. The PCL is a 17-item self-
reported instrument based on Diagnostic and Statistical Manual
of Mental Disorders, fourth edition (DSM-IV) (American
Psychiatric Association, 1994) criteria. Each item was scored on
a five-point scale; a score of ≥44 was considered probable
PTSD. Measures of probable mental illness at W3, 10–11 years
after 9/11, included (A) score ≥44 on that PCL; (B) patient
health questionnaire (PHQ8) score ≥10 suggestive of depres-
sion;23 and (C) GAD7 test score ≥10 consistent with an anxiety
disorder.24 To summarise the overall effect of these three condi-
tions, the number of positive test results was summed (0–3).

Standardised questions to measure QoL included general
satisfaction with one’s life and number of days in the past
30 days that physical or mental health was fair or poor, dichoto-
mised as <14 and ≥14 days.25

Statistical analysis
Analyses used SAS Statistical software, V.9.2. (SAS Institute,
Cary, North Carolina, USA). Two-tailed tests were used in all

analyses. The χ2 test was used to determine group differences
on categorical variables. When the independent variable was
categorical and ordered (educational level, BMI, current
smoking level, degree of social interaction and level of exposure
to the disaster), the effect on the prevalence of persistent LRS
versus the remaining three LRS categories was compared for
trend using the Cochran-Armitage trend test. A maximum
p value of 0.05 was chosen for statistical significance.

Enrollees with persistent LRS were compared to those
without LRS (−,−,−) and to those whose LRS has abated ((+,−,
−) and (+,+,−)). In bivariate analyses, the onset of LRS at W1,
continuation of LRS at W2 and continuation of LRS at W3
were compared to never having LRS for key demographic vari-
ables and covariates shown to be significant in Registry data.
These included cigarette smoking at W3, lack of health insur-
ance, survey mode at W3 (mail, internet or computer-assisted
telephone interview) and source of enrolment into the Registry
(list-identified or self-identified). Lower rates of illness have
been repeatedly found in list-identified enrollees compared with
self-identified enrollees.4

The effect of WTC exposure variables and probable PTSD
measured at W2 on the three outcomes with LRS compared to
no LRS was examined while adjusting for demographics and
covariates significant in the bivariate analysis in a multinomial
logistic regression model assessed by odds ratios (ORs) with
95% confidence intervals (CIs). Separate comparisons were also
made between the LRS at W1 and W2 but not W3 group (+,+,−)
and the W1, W2 and W3 (+,+,+) group in order to directly
examine a factor’s effect on persistence.

To assess the effect of comorbid psychological illness on per-
sistence of LRS, prevalence ratios for the presence of LRS com-
pared to no LRS, adjusted for demographics and exposure, were
calculated using the Poisson distribution regression.26 In add-
ition, the proportion of enrollees with a probable mental health
condition was compared across the four LRS groups.

The effect of LRS on the prevalence of diminished QoL at
W3 was examined in a Poisson distribution regression adjusting
for demographics, covariates and mental health screening test
results.26

RESULTS
The prevalence of persistent LRS (+,+,+) was 12.4% among
the 22 434 enrollees with data sufficient to determine their LRS
trajectory and 14.7% among the four groups (18 913) under
study. The mean age of the 18 913 enrollees was 42.2 years
(median 42, IQR 34–50) at 9/11. The sample was 74%
non-Hispanic white, 63% men, 89% non-smoking at W3, 57%
college graduates and 48% were rescue/recovery workers. The
distribution of factors associated with persistent LRS or abated
LRS (+,+,−), (+,−,−) versus no LRS (−,−,−) are presented in
table 1. Bivariate analysis of demographics, exposure levels and
other factors showed that the following were associated with an
increased prevalence of persistent LRS: rescue/recovery work,
age 45–64 years, male gender, black non-Hispanic or Hispanic
racial ethnic group, current cigarette smoking, lacking a college
education, lower level of social integration, lacking health insur-
ance, intense exposure to the disaster and probable PTSD at
W2. When the prevalence of persistent LRS was compared to
the remaining LRS categories, the Cochran-Armitage trend test
was significant at p<0.0001 for increasing age group, cigarette
smoking and exposure to the disaster and for decreasing educa-
tional level and social integration, and health insurance
coverage.
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Table 1 Prevalence of LRS course by demographic factors, insurance, exposure to the disaster and mental health conditions; bivariate
analysis*, N=18 913

LRS course

Total† No LRS LRS at W1 only LRS at W1 and W2 only LRS at W1, W2 and W3
−,−,− +,−,− +,+,− +,+,+
Per cent Per cent Per cent Per cent

Factor 18 913 47.1 27.2 11.1 14.7

Gender
Male 11 903 45.7 27.0 11.4 15.9
Female 7010 49.4 27.5 10.6 12.5

Age category at 9/11/2001
18–24 885 59.2 26.9 6.1 7.8
25–44 10 291 45.7 28.4 11.3 14.5
45–64 7264 47.2 25.7 11.3 15.8
≥65 473 51.6 23.0 11.8 13.5

Eligibility group
Rescue/Recovery workers 8995 41.7 27.6 12.0 18.7
Residents 2494 52.4 27.2 9.7 10.7
Area workers 6591 52.2 26.6 10.4 10.7
Passersby 816 48.9 27.0 10.5 13.6

Race/ethnicity
White non-Hispanic 14 070 50.3 26.4 10.0 13.2
Black non-Hispanic 1626 37.6 31.0 15.3 16.2
Hispanic 1821 32.6 28.0 14.8 24.6
Asian 884 49.2 29.6 10.2 11.0
Other 512 36.1 28.3 15.2 20.3

Education‡
High school or less 3617 35.9 26.0 14.2 23.8
Some college 4433 37.6 28.4 13.6 20.4
College/post-graduate 10 780 54.7 27.1 9.0 9.2

BMI reported at W3‡
Normal (<25) 5688 55.7 26.4 8.6 9.4

Overweight (25–29) 7486 47.3 27.9 10.8 14.0
Obese (≥30) 5433 37.8 27.0 14.1 21.1

Smoking at W3‡
Every day 1049 29.5 23.2 16.8 30.6
Some days 709 36.2 29.2 14.1 20.5
Not at all 16 908 48.7 27.3 10.6 13.4

Social integration at W3‡
Low 2597 34.5 27.8 13.1 24.6
Medium 7191 47.8 27.1 10.9 14.1
High 8607 50.2 27.2 10.6 12.0

Lacking health insurance‡
No 16 315 48.4 27.2 10.9 13.5
Some time since 9/11 but not in past 12 months 1363 41.7 26.9 11.1 20.4
Lacking in past 12 months 917 34.6 27.6 13.3 24.5

Exposure scale‡
Low 4874 63.8 21.6 6.7 7.9
Medium 7970 48.8 27.1 11.0 13.1
High 4373 35.4 31.5 13.7 19.3
Very high 1696 20.9 32.4 17.5 29.3

Probable PTSD at W2
No 15 530 53.2 27.9 9.4 9.5
Yes 2893 16.8 23.4 19.8 40.0

Probable PTSD at W3
No 15 817 52.0 28.0 10.0 10.0
Yes 2441 17.5 22.1 16.8 43.6

Probable depression at W3
No 15 880 51.6 28.0 10.1 10.3
Yes 2481 20.0 21.8 16.6 41.5

Continued
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When these factors were considered in a multinomial logistic
regression model, adjusted ORs (aORs) for these variables
except race/ethnicity were incrementally higher for those with
LRS at W1; LRS at W1 and W2; and LRS at W1, W2, and W3,
than for those without LRS reported in any of the surveys
(table 2). For example, for probable PTSD at W2, the aOR rose
from 1.9 (95% CI 1.7 to 2.2) for LRS at W1 only to 7.6 (95%
CI 6.7 to 8.7) for persistent LRS. (A version of table 2 with all
the risk factors in the model is available as online supplementary
appendix table S1).

When enrollees with persistent LRS were compared to those
with LRS at W1 and W2 but not W3, aORs for less than
college education (aOR 1.4 (95% CI 1.2 to 1.6)), obese BMI
(aOR 1.3 (95% CI 1.1 to 1.6)), lower level of social integration
(aOR 1.3 (95% CI 1.1 to 1.6)), lack of health insurance at some
time since 9/11 (aOR 1.4 (95% CI 1.1 to 1.7)) and probable

PTSD at W2 (aOR 1.8 (95% CI 1.6 to 2.1) were significant.
The exposure level did not remain significant.

The prevalence of LRS over the three surveys was closely
related to the presence of a probable mental health condition.
Prevalence ratios, adjusted for demographic factors and other
covariates, were incrementally and significantly elevated from
LRS at W1 only to persistent LRS (figure 2). For example, for
depression, the adjusted prevalence ratio (aPR) rose from 1.3
(95% CI 1.2 to 1.4) for the group with LRS at W1 only to 2.4
(95% CI 2.2 to 2.6) for the persistent LRS group when each
was compared to the no LRS group. When compared with
enrollees with LRS at W1 and W2 only, enrollees with persistent
LRS also had significantly elevated aPRs for each mental health
condition (for GAD aPR=1.3 (95% CI 1.2 to 1.4), for depres-
sion aPR=1.4 (95% CI 1.3 to 1.4) and for PTSD aPR=1.4
(95% CI 1.3 to 1.5).

Table 1 Continued

LRS course

Total† No LRS LRS at W1 only LRS at W1 and W2 only LRS at W1, W2 and W3
−,−,− +,−,− +,+,− +,+,+
Per cent Per cent Per cent Per cent

Factor 18 913 47.1 27.2 11.1 14.7

Probable GAD at W3
No 16 466 50.3 27.8 10.4 11.5
Yes 1951 21.9 21.4 16.4 40.3

*All factors are significant by χ2 at p<0.0001.
†The total may not add to 100% due to rounding and may be <18 913 due to missing data.‡Cochran-Armitage trend test for persistent LRS versus other three categories significant at
p<0.0001.
BMI, body mass index; GAD, generalised anxiety disorder; LRS, lower respiratory symptoms; PTSD, post-traumatic stress disorder; W1, Wave 1; W2, Wave 2; W3, Wave 3.

Table 2 Multinomial logistic regression of factors associated with LRS course at W1, W2 and W3, N=17 316

LRS course

LRS at W1 only vs no LRS LRS at W1, W2 only vs no LRS
Adjusted ORs and 95% CIs*

LRS at W1, W2, W3 vs no LRS
Adjusted ORs and 95% CIs*Factor Adjusted ORs and 95% CIs*

Exposure scale
Low Ref Ref Ref
Medium 1.5 (1.4 to 1.6) 1.8 (1.6 to 2.1) 1.7 (1.5 to 2.0)
High 2.3 (2.0 to 2.5) 2.8 (2.3 to 3.3) 2.9 (2.5 to 3.4)
Very high 3.7 (3.1 to 4.3) 5.2 (4.2 to 6.4) 5.3 (4.3 to 6.5)

Probable PTSD at W2
No Ref Ref Ref
Yes 1.9 (1.7 to 2.2) 4.2 (3.6 to 4.9) 7.6 (6.7 to 8.7)

Lacking health insurance
No Ref Ref Ref
Some time since 9/11 but not in past 12 months 1.1 (0.91 to 1.2) 0.99 (0.80 to 1.2) 1.4 (1.1 to 1.6)
Lacking in past 12 months 1.2 (1.0 to 1.5) 1.3 (1.0 to 1.7) 1.7 (1.4 to 2.1)

Smoking at W3
Not at all Ref Ref Ref
Some days 1.2 (1.0 to 1.5) 1.4 (1.1 to 1.8) 1.2 (0.96 to 1.6)
Every day 1.2 (0.99 to 1.4) 1.9 (1.5 to 2.3) 2.3 (1.9 to 2.8)

BMI reported at W3
Normal (<25) Ref Ref Ref
Overweight (25–29) 1.2 (1.1 to 1.3) 1.3 (1.1 to 1.5) 1.5 (1.3 to 1.7)
Obese (≥30) 1.3 (1.2 to 1.5) 1.9 (1.6 to 2.2) 2.4 (2.1 to 2.8)

*Model: LRS course=age at 9/11, gender, race/ethnicity, BMI, educational level, smoking at W3, method of recruitment at W1, social integration, survey mode at W3, exposure scale,
lacking health insurance, probable PTSD at W2. Statistically significant values are bolded.
BMI, body mass index; LRS, lower respiratory symptoms; PTSD, post-traumatic stress disorder; Ref, referent group; W1, Wave 1; W2, Wave 2; W3, Wave 3.
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The proportion of enrollees with one, two or all three prob-
able mental health conditions at W3 was calculated for each of
the four LRS outcome groups (figure 3). Half (49.6%) of the
enrollees with persistent LRS had an elevated screening test
result for at least one of these mental health conditions, and a
third (35.2%) had elevated scores for at least two conditions.

QoL indicators
In bivariate analyses, enrollees with persistent LRS were signifi-
cantly more likely to have reported lower general satisfaction
with life, and with regard to 30 days prior to W3, they were
more likely to have reported at least 14 days of poor physical

health and poor mental health than enrollees who had not
reported LRS at any of the surveys (p<0.0001 for each indica-
tor). Similarly, those with persistent LRS versus LRS at the first
two but not the third survey showed a significantly higher
prevalence of negative QoL indicators (p<0.0001 for all
indicators).

The relationship between these three QoL indicators and LRS
was examined while adjusting for the effects of demographics,
BMI at Wave 3, exposure to the disaster and mental health condi-
tions at Wave 3 (table 3). Even after adjusting for the count (0–3)
of probable mental health conditions, the prevalence of a nega-
tive QoL outcome for each indicator was significantly higher
among those with persistent LRS versus no LRS. The prevalence
of reported poor physical health was more than three times
higher in the group with persistent LRS (aPR=3.2, 95% CI 2.9
to 3.6), and the prevalence of reported poor mental health was
nearly 50% higher in this group (aPR=1.5, 95% CI 1.3 to 1.6).
Furthermore, those with persistent LRS were significantly more
likely than those with LRS at W1 and W2 only, to trend towards
worse QoL indicators (aPRs between 1.1 and 1.8).

DISCUSSION
Cough, wheeze and dyspnoea, beginning after 9/11, have per-
sisted among WTCHR enrollees for at least 10 years. Half of
the enrollees with persistent LRS also had at least one mental
health condition. Comorbid LRS and mental illness have been
reported in rescue/recovery workers by other WTC disaster
investigators10 14 16 18 and in Registry surveys from 2003–2004
and 2006–2007 among workers and residents.4 15 17 27 This
study extends those findings to demonstrate that the
co-occurrence of respiratory and mental health illness has con-
tinued for at least 10 years after the disaster and that reported
persistent LRS were highly associated with probable GAD,
depression and PTSD separately and in combination. This study
did not attempt to look at the longitudinal occurrence of LRS
and mental illness or to detail the interactions between them.

Figure 2 Probable mental health
conditions and LRS course. Each of the
three groups with LRS is compared to
the group with no symptoms as to the
prevalence of each of the three
probable mental health conditions
(based on scores on standard
screening tests). LRS, lower respiratory
symptoms.

Figure 3 Proportional prevalence of count of probable mental health
conditions at W3 by LRS course. The proportion of registrants with one,
two or three positive screening test results is presented for each LRS
group. LRS, lower respiratory symptoms; GAD, generalised anxiety
disorder; PTSD, post-traumatic stress disorder.
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However, the study did document that enrollees with reported
probable PTSD and LRS at W2 were almost twice as likely to
report LRS at W3, suggesting that this mental health condition
predisposes to ongoing respiratory illness. Notably, the strength
of association between elevated PTSD at W2 and persistent LRS
was of greater magnitude than the association between the level
of exposure to the disaster and persistent LRS. Furthermore,
when the persistent LRS group was compared with those whose
LRS abated after W2, probable PTSD at W2 remained signifi-
cantly associated but the exposure level did not.

Studies to elucidate the biological linkages between PTSD and
respiratory disease28 and to assess the impact of comorbid
PTSD on uncontrolled LRS29 or asthma30 in WTC-exposed
people are ongoing. Recognising the burden of comorbid
mental health and LRS, researchers are evaluating treatment
modalities specific for their co-occurrence.31

Comorbid LRS and mental illness have been associated with
greater decreased QoL than LRS alone in rescue/recovery
workers, local area workers and residents.15 17 19 Reported per-
sistent LRS in this study were significantly associated with
≥14 days of poor physical and with ≥14 days of poor mental
health, even while controlling for the number of coexisting
mental health conditions. In addition, those with persistent LRS
at W3 had significantly worse QoL than those with LRS at only
W1 and W2. This finding suggests that the continuing presence
of LRS at W3 negatively affected mental as well as physical
health.

The burden of persistent LRS likely extends beyond the enrol-
lees studied here. Extrapolating the prevalence of symptoms to
the estimated 400 000 adults exposed to the WTC disaster,
∼25 000 experienced persistent LRS during the 12-month inter-
val before W320 32 (see online supplementary appendix table S2).
This generalisation, however, may be affected by study selection
factors (see limitations below).

Researchers are evaluating the efficacy of treatment for persist-
ent LRS.29 30 Although the W3 survey did not gather data on
treatment effectiveness, a follow-up questionnaire on the treat-
ment of asthmatics still symptomatic as of the W3 survey was
included as part of the recently concluded fourth Registry survey
(2015–2016), whose findings will be reported in due course.

A strength of WTCHR surveys, in general, is the ongoing
response of rescue/recovery workers, residents and area
workers; more than half the original adult cohort completed the
third survey. With this sizeable database and follow-up rate, the
effect of demographics, exposure and mental health factors on

the prevalence of LRS can be assessed. Evidence of strength of
the association between risk factors and the prevalence of LRS
is provided by the increasing adjusted ORs across the four study
trajectories (−,−,−) to (+,−,−) to (+,+,−) to (+,+,+).
Similarly, there is a dose–response relationship for scaled risk
factors within each LRS category. For example, adjusted ORs
for persistent LRS increased as the exposure scale increases
from low to very high, suggesting that more severe exposure
induced more prolonged illness. To date there is little other data
on the effect of exposure on long-term persistence of symptoms
although new incident, physician-diagnosed obstructive airway
disease for at least 7 years post-9/11 is associated with WTC
exposure among firefighters.33

This study has several limitations. LRS data are derived solely
from enrollees’ self-report in WTCHR surveys and are clinically
unvalidated. However, WTC self-reported illness data have been
found to be reasonably reliable in previous studies. In a nested
case–control study of local area workers and residents in the
Registry, enrollees with LRS at W1, W2 and at examination 6–
8 years post-9/11 were significantly more likely to show abnor-
mal lung function on spirometry and impulse oscillometry than
were asymptomatic enrollees.21 These findings were confirmed
in a follow-up study 5 years later.34

Another possible limitation is selection bias, in which respon-
dents to all three surveys may have chosen to continue to par-
ticipate because they perceived that they had greater exposure to
the disaster and experienced more prolonged symptoms.
However, the magnitude of the associations between disaster
exposures and factors such as the prevalence of PTSD and LRS
at W2 was similar among W3 participants versus enrollees who
completed W1 and W2 but not W3 (W3 drop-outs).35

Demographic factors differentiating W3 participants and
non-participants were adjusted for in the current study by multi-
variable regression analysis. Still, the differences must be
acknowledged in generalising the study findings to the entire
WTCHR population and to the overall exposed population.

This study did not longitudinally examine LRS and PTSD to
determine whether one preceded and/or exacerbated the other.
Studies to gauge their interrelationship over time are underway
using data from the three WTCHR surveys and, in rescue/recov-
ery workers, using real-time measurements.36

Smoking cigarettes everyday was associated with persistent
LRS. Smoking has been identified as a risk factor for poor
respiratory outcome in WTC rescue/recovery workers37 and
residents and local area workers.15 A smoking cessation

Table 3 Adjusted prevalence ratios of LRS course predicting QoL at W3 survey*, N=16,615

QoL measures

Satisfaction with life
Poor physical health in
the past 30 days

Poor mental health in the past
30 days

LRS course Total
Fair or poor
(%)

Adjusted prevalence
ratio

≥14 days
(%)

Adjusted prevalence
ratio

≥14 days
(%)

Adjusted prevalence
ratio

No LRS 8904 8.1 Ref 6.3 Ref 10.0 Ref
LRS at W1 only 5139 11.9 1.1 (0.99 to 1.2) 10.4 1.4 (1.3 to 1.6) 14.2 1.1 (0.99 to 1.2)
LRS at W1, W2 only 2097 17.8 1.2 (1.1 to 1.4) 17.9 1.9 (1.6 to 2.2) 22.2 1.2 (1.1 to 1.3)
LRS at W1, W2 and W3 2773 30.4 1.3 (1.2 to 1.5) 39.1 3.2 (2.9 to 3.6) 41.5 1.5 (1.3 to 1.6)
LRS at W1, W2 and W3 vs LRS at
W1, W2 only

1.1 (1.0 to 1.2) 1.8 (1.6 to 2.0) 1.3 (1.2 to 1.4)

*Model: Quality of life indicator=LRS course adjusted for number of mental health conditions, age category at 9/11, gender, race/ethnicity, BMI, educational level, social integration,
smoking at W3, method of recruitment at W1, survey mode at W3, exposure scale, and lacking health insurance. Statistically significant values are bolded.
LRS, lower respiratory symptoms; QoL, quality of life; W1, Wave 1; W2, Wave 2; W3, Wave 3.
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programme has been available to Fire Department of New York
rescue/recovery workers since 2002.38 Since 2008, the Registry
has made multiple efforts to reach enrollees who have reported
smoking cigarettes39 directing adults to sources of free nicotine
patch replacement kits and brief counselling. Because individuals
with PTSD are less likely to stop smoking without assistance,39

the Registry has targeted its activities towards this group, and
since 2013, offered them referrals to a clinical trial smoking ces-
sation programme aimed at adults with symptoms of PTSD.40

These data underscore the need for further efforts to reduce cig-
arette smoking in 9/11-exposed adults with LRS, especially
those with comorbid mental health problems.

CONCLUSION
LRS and associated mental illness, resulting in diminished QoL,
continued to affect thousands of WTCHR enrollees more than
10 years after 9/11. Studies are needed to track the future course
of LRS and to quantify the interrelationship between LRS and
PTSD. As the interval from disaster exposure to current illness
grows, mental illness is the most strongly identified determinant
of LRS persistence. The association of LRS with mental health
symptoms merits clinical consideration; these comorbidly
affected patients require ongoing evaluation and care.

What this paper adds

▸ Lower respiratory symptoms (LRS) in adults exposed to the
World Trade Center disaster are well-documented, but
factors associated with their persistence 10 years later have
not yet been identified.

▸ LRS have persisted in more than 12% of adults responding
to the World Trade Center Health Registry surveys.

▸ Probable mental health conditions (post-traumatic stress
disorder, depression and generalised anxiety disorder) are
highly associated with symptom persistence.

▸ LRS are associated with decreased quality of life as indicated
by self-reported physical and mental health status.

▸ Continued surveillance and simultaneous treatment of
respiratory and mental illness are needed for this population.
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