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ABSTRACT

Objective: Posttraumatic stress disorder (PTSD) is associated with high medical morbidity, but the nature of this association
remains unclear. Among responders to the World Trade Center (WTC) disaster, PTSD is highly comorbid with lower respi-
ratory symptoms (LRS), which cannot be explained by exposure alone.We sought to examine this association longitudinally
to establish the direction of the effects and evaluate potential pathways to comorbidity.

Methods: 18,896 responders (8466 police and 10,430 nontraditional responders) participating in theWTC–Health Program
were first evaluated between 2002 and 2010 and assessed again 2.5 years later. LRS were ascertained by medical staff, ab-
normal pulmonary function by spirometry, and probable WTC-related PTSD with a symptom inventory.

Results: In both groups of responders, initial PTSD (standardized regression coefficient: β = 0.20 and 0.23) and abnormal
pulmonary function (β = 0.12 and 0.12) predicted LRS 2.5 years later after controlling for initial LRS and covariates. At
follow-up, LRS onset was 2.0 times more likely and remission 1.8 times less likely in responders with initial PTSD than
in responders without. Moreover, PTSD mediated, in part, the association between WTC exposures and development of
LRS (p < .0001). Initial LRS and abnormal pulmonary function did not consistently predict PTSD onset.

Conclusions:These analyses provide further evidence that PTSD is a risk factor for respiratory symptoms and are consistent
with evidence implicating physiological dysregulation associated with PTSD in the development of medical conditions. If
these effects are verified experimentally, treatment of PTSD may prove helpful in managing physical and mental health of
disaster responders.

Key words: pulmonary health, PTSD, mental-physical comorbidity, occupational medicine, disaster, 9/11.
BMI = body mass index, FVC = forced vital capacity, LRS = lower
respiratory symptoms, PTSD = posttraumatic stress disorder,
WTC = World Trade Center
INTRODUCTION

Responders to the 2001 World Trade Center (WTC) at-
tacks experienced multiple environmental exposures

and psychological traumas during the rescue, recovery,
and clean-up efforts at Ground Zero and nearby sites (1,2).
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PTSD/Respiratory Problems in WTC Responders
and individuals with no prior training, such as construction
workers, electricians, and transportation workers. Ten per-
cent to 30% of responders report emotional or medical
problems (3–5). Nontraditional responders show particu-
larly high rates, unlike police officers, many of whom were
trained in disaster response (4,5). The psychiatric and phys-
ical conditions are frequently comorbid (4,6,7). The high
comorbidity is consistent with studies of combat veterans
(8), general population samples (9–12), and primary care
patients (13–15).

Lower respiratory symptoms (LRS), pulmonary abnor-
malities, and posttraumatic stress disorder (PTSD) are the
signature health problems in WTC responders (3–7,16–22).
PTSD and pulmonary abnormalities were found to be unre-
lated (4,7), but correlations of PTSD symptoms with respira-
tory symptoms range from 0.27 (4) to 0.46 (7). The link
between PTSD and respiratory complaints was reported pre-
viously, and three explanations were proposed. One is that
chronic respiratory symptoms serve as recurrent reminders
of the traumatic event (9/11 in our study population) and
could trigger PTSD symptoms (23). Furthermore, pulmo-
nary problems may impair daily functioning and complicate
psychiatric care, contributing to persistence of PTSD. A sec-
ond explanation is that PTSD is associated with sympathetic
hyperactivity (24) and immune dysregulation (25,26), which
may increase vulnerability to pulmonary inflammation and
produce respiratory problems (27). Indeed, our previous
cross-sectional analysis of a large responder cohort produced
statistical evidence consistent with PTSDmediating some of
the association between trauma and respiratory symptoms
(4). Third, the comorbidity may be coincidental, resulting
from shared risk factors (e.g., smoking, obesity, and WTC
exposures (28).

Each of these explanations is plausible, and longitudinal
investigations are needed to tease them apart. Although lon-
gitudinal studies cannot establish causality, they can help to
narrow the list of alternative explanations. Unfortunately,
few such studies have been conducted (2,29,30), and the
available research has focused on cardiovascular symptoms
(31) or medically unexplained somatic symptoms (32,33)
rather than pulmonary problems. The limited longitudinal
data on respiratory complaints suggest that PTSD contrib-
utes to the onset, persistence, and severity of these symp-
toms (7). Conversely, respiratory problems were found to
predict PTSD onset, but this association was weaker (7).
Thus, both the first and second explanations received sup-
port, but to our knowledge, only one study tested them lon-
gitudinally. Also, Niles et al. (7) examined this relationship
in a specific population—WTC-exposed firefighters—and
did not address the possibility that PTSD-LRS comorbidity
could stem from shared risk factors (third explanation).

In the present study, we sought to advance understand-
ing of the relationship between LRS and PTSD by a) exam-
ining this association over time to explicate the temporal
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sequence leading to this comorbidity, b) evaluating the role
ofWTC exposures, c) testing specificity of PTSD-LRS link
compared with pulmonary abnormalities, and d) consi-
dering robustness of the findings between two populations:
police and nontraditional responders. We tested three alter-
native explanations of comorbidity between WTC-related
respiratory problems and PTSD: a) respiratory problems
contribute to the onset and persistence of PTSD; b) PTSD
contributes to the onset and persistence of respiratory prob-
lems; and c) the comorbidity reflects the influence of com-
mon risk factors. Alternatively, observed comorbidity may
be an artifact arising from common method variance (i.e.,
responses biases common across self-report measures of
health) (34,35) or nonspecific effects of negative affectivity
(36). We controlled for such effects statistically.

METHODS

Sample
Data were obtained from the WTC–Health Program, a consortium of 5
Centers for Disease Control and Prevention–funded clinical programs in
New York and New Jersey providing annual monitoring and treatment to
WTC responders (4,19). The WTC–Health Program assesses and treats
WTC-related conditions of responders with documented involvement in
the WTC clean-up and recovery efforts, except for New York City fire-
fighters because they are enrolled in a parallel program. The institutional re-
view boards of all participating organizations monitor the study and review
it annually. Written informed consent is obtained. Although participation in
research is optional, more than 90% of responders consented for their mon-
itoring data to be used in research.

The program began in July 2002, and enrollment remains open. The as-
certainment period for the current study was July 2002 to July 2010. During
that period, 26,965 responders enrolled in the program, and 18,896 (70.1%)
completed a follow-up examination by July 2011 and comprise the analysis
cohort. The excluded 8069 responders enrolled more than a year later, on
average, and many of them are expected to complete the follow-up in the
future. Otherwise, the participants without follow-up were very similar to
the analysis cohort on probable PTSD, respiratory problems, demo-
graphics, and exposures (Table 1).

Nearly half of the analysis sample (n = 8466; 44.8%) worked in law en-
forcement (mostly police) and the others (n = 10,430; 55.2%) were nontra-
ditional responders (construction,maintenance, and transportation workers,
electricians, clergy, etc). These two groups differed in prior disaster training
and on study variables, as shown previously (4,37) and in Table 2. Thus, we
stratified the analyses by occupational group.

Measures
The primary outcomemeasures wereWTC-related LRS, pulmonary abnor-
malities measured by forced vital capacity (FVC), and probable WTC-
related PTSD. LRS were assessed by medical staff using questions derived
from standard assessments (38–40). The symptoms included wheezing,
chest tightness, cough, and shortness of breath. A lower respiratory symp-
tom was defined as 1+ symptom occurring in the month before the exami-
nation; not occurring exclusively during a cold, flu, or upper respiratory
infection; and not present in the year prior to 9/11. Because chest tightness
and shortness of breath can be symptoms of anxiety, we also analyzed a
composite of just wheezing or cough (LRS-2) to test whether symptom
selection influenced the results. Indeed, wheezing and cough are not part
of psychiatric phenomenology.

Pulmonary function was evaluated with the EasyOne spirometer (ndd
Medical Technologies, Chelmsford, MA) using standard techniques (41–43).
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TABLE 1. Comparison of the Analysis Sample to RespondersWhoHadNot Completed the Follow-Up by July 1, 2011

Variable

Police Nontraditional Responders

No Follow-Up
(n = 3930)

Analysis Sample
(n = 8466)

Effect
Size

No Follow-Up
(n = 4139)

Analysis Sample
(n = 10,430)

Effect
Size

Years between 9/11 and
initial visit, M (SD)

5.6 (2.4) 4.3 (2.2) 0.59 4.2 (2.4) 3.3 (2.1) 0.41

Age at initial visit, M (SD), y 40.7 (6.7) 40.9 (7.1) −0.03 43.4 (10.0) 44.3 (9.7) −0.09
Sex, % female 16.0 14.7 1.1 13.9 13.9 1.0

BMI, M (SD), kg/m2 30.3 (5.2) 30.2 (4.9) 0.02 29.6 (5.5) 30.0 (5.4) −0.07
Current cigarette smoker at
initial visit, %

12.1 9.8 1.3 22.8 20.0 1.2

Worked in dust cloud, % 24.2 28.6 0.8 12.3 12.8 1.0

Long work on site, % 21.7 22.3 1.0 28.4 27.1 1.1

Probable PTSD at
initial visit, %

6.0 6.3 0.9 22.1 21.3 1.0

Abnormal FVC at
initial visit, %

22.7 25.6 0.9 21.8 23.3 0.9

Lower respiratory symptoms
at initial visit, %

48.5 50.8 0.9 58.5 57.3 1.1

M = mean; SD = standard deviation; BMI = body mass index; PTSD = posttraumatic stress disorder; FVC = forced vital capacity.

Effect size for group comparison is Cohen d for continuous variables and odds ratio for dichotomous variables.

ORIGINAL ARTICLE
This article focused on restrictive breathing pattern as measured by FVC. Ab-
normal function was defined as scoring below the age-sex-race-height–specific
lower limit of normal for FVC (44).

Probable PTSDwasmeasured with the PTSD Checklist (45), a 17-item
self-report inventory assessing the severity of DSM-IV (46) PTSD symp-
toms in the past month rated “in relation to 9/11” on a scale from 1 (not
TABLE 2. Descriptive Characteristics of the Study Groups

Variable Police (n = 8

Age at index assessment, M (SD), y 40.9 (7.1

Sex, % female 14.7

Years from 9/11 to initial visit, M (SD) 4.3 (2.2

Years from 9/11 to follow-up, M (SD) 6.8 (1.9

Initial visit BMI, M (SD), kg/m2 29.9 (4.9

Current cigarette smoker at initial visit, % 9.8

Worked in dust cloud, % 28.6

Long work on site, % 22.3

Initial WTC-LRS, % 50.8

Follow-up WTC-LRS, % 40.1

Initial low FVC, % 25.6

Follow-up low FVC, % 24.0

Initial probable WTC-PTSD, % 6.3

Follow-up probable WTC-PTSD, % 8.2

M=mean; SD = standard deviation; BMI = bodymass index;WTC =World Tra
PTSD = posttraumatic stress disorder.
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at all) to 5 (extremely). A cut-point of at least 50 was used to define prob-
able PTSD (47). In a subsample of 2550 WTC–Health Program partici-
pants monitored at the Long Island site, we found high concordance
between this cutoff and a research diagnosis of PTSD based on the Struc-
tured Clinical Interview for DSM-IV (48). Specifically, current prevalence
rates were similar (11.1% for PTSD Checklist, 10.2% for interview), κwas
466) Nontraditional (n = 10,430) p

) 44.3 (9.7) <.001

13.9 .151

) 3.3 (2.1) <.001

) 5.9 (1.9) <.001

) 29.2 (5.1) <.001

20.0 <.001

12.8 <.001

27.1 <.001

57.3 <.001

51.9 <.001

23.3 .002

22.8 .070

21.3 <.001

24.7 <.001

de Center; LRS = lower respiratory symptoms; FVC = forced vital capacity;
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PTSD/Respiratory Problems in WTC Responders
high (0.91), and the negative predictive value was excellent (95.7%). As
expected, the positive predictive value was lower (57.4%), as symptomatic
participants did not always meet full diagnostic criteria.

WTC exposures were assessed at initial visit. We focused on two expo-
sures previously found to have the most reliable links to LRS and PTSD:
FIGURE 1. Path models. Path model shows all effects being estim
nontraditional responders (C). Values are standardized regression co
initial BMI, and initial smoking status (not shown), whenever th
Directional arrows indicate regression paths; double-headed arrows in
The model fit the data extremely well with Comparative Fit Index
approximation < 0.02, and weighted root mean square residual < 0.50
FVC = forced vital capacity; LRS = lower respiratory symptoms; PCL

Psychosomatic Medicine, V 77 • 438-448 441

Copyright © 2015 by the American Psychosomatic Society.
working in the dust cloud on 9/11 (22,49) and long duration ofwork on site,
operationalized as being in the top quartile (>1353 hours) (4,22).

Covariates included in the analyses were age, sex, body mass index
(BMI), current cigarette smoking, years from 9/11 to initial examination,
and interval from initial to follow-up examination.
ated (A) and effects significant at p < .01 in police (B) and in
efficients. Analyses adjusted for age, sex, time to assessment,
ey were significantly correlated with the outcome (Table 4).
dicate correlations. Correlations among predictors are not shown.
> 0.99, Tucker-Lewis Index > 0.98, root mean square error of
, all of which indicate excellent fit (52). BMI = body mass index;
= Posttraumatic Stress Disorder Checklist.
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TABLE 3. Health Status Across Initial and Follow-Up
Assessments (in percent)

Condition Persistent Remitted
New
Onset Unaffected Total

Police

WTC-LRS 29.1 22.3 11.0 37.6 100.0

Abnormal
FVC

17.3 7.9 6.2 68.6 100.0

Probable
PTSD

3.8 2.4 4.2 89.6 100.0

Nontraditional

WTC-LRS 39.8 19.8 12.1 28.4 100.0

Abnormal
FVC

16.5 6.9 6.2 70.5 100.0

Probable
PTSD

14.1 6.6 10.1 69.3 100.0

Persistent = condition present both at initial and at follow-up visits; Remitted =
condition present at initial but not follow-up visit; New onset = condition
absent at initial but present at follow-up visit; Unaffected = condition absent
at initial and follow-up visits; WTC =World Trade Center; LRS = lower
respiratory symptoms; FVC = forced vital capacity; PTSD = posttraumatic
stress disorder.

ORIGINAL ARTICLE
Analyses
With the exception of time to examination, age, and BMI, study variables
were categorical. Comparisons of police and nontraditional responders were
performed using χ2 tests. Bivariate associations were analyzed using
polychoric correlations when continuous variables were involved and
tetrachoric correlations when both variables were dichotomous to produce
equivalent estimates for continuous variables, dichotomous variables, and a
mix of the two. Polychoric and tetrachoric correlations have a clear interpre-
tation, with r < 0.20 conventionally considered a small effect, r = 0.20–0.50 a
medium effect, and r > 0.50 a large effect (50). Multivariate analyses were
conducted using path analysis—a type of structural equation modeling—a
system of multiple regressions that are estimated simultaneously (51). It
was used to test study hypotheses by regressing outcomes at follow-up on
WTC exposures and health status at initial visit (Fig. 1A). Given that each
outcome was regressed on as many as five predictors, a conservative p value
less than .01 was used to define statistical significance. Regression on initial
health status was controlled for any nonspecific effects, such as common
method variance. These analyses also adjusted for covariates (demographics,
time to examination, initial BMI, and initial smoking) that were significant in
the bivariate analysis. Follow-up BMI and smoking were not included be-
cause these characteristics were extremely stable between the two assess-
ments. Mediation analyses tested whether exposures contributed to follow-
up respiratory problems indirectly via initial PTSD and vice versa (53).
The path analyses were performed using Mplus version 7 (54). We used
the robust maximum likelihood estimator, which can handle nonnormal dis-
tributions. Other analyses were carried out in Stata version 13.1 (55).

RESULTS
Table 2 describes the relevant characteristics of study par-
ticipants. The occupational groups differed on nearly all
study variables. Most importantly, police had much lower
rates of LRS and probable PTSD and slightly higher rates
of abnormal FVC at both assessments.

Persistence, Remission, New Onset, Comorbidity
From initial to follow-up visit, the rate of LRS declined by
10.7% in police and 5.4% in nontraditional responders, and
the rate of abnormal FVC declined by 1.6% and 0.5%,
whereas probable PTSD increased by 1.9% and 3.4%
(Table 2). As shown in Table 3, most conditions persisted.
In police, the ratio of persistent to remitted ranged from
1.3:1 to 2:1 across outcomes. In nontraditional responders,
persistence was even more common with ratios ranging
from 2:1 to 2.5:1. New onsets were relatively rare. In police,
the ratio of new onsets to unaffected was 1:3, 1:11, and 1:21
for LRS, abnormal FVC, and PTSD, respectively. In non-
traditional responders, new onsets were more commonwith
the corresponding ratios of 1:2, 1:11, and 1:7.

Abnormal FVC was only weakly related to LRS and
probable PTSD (Table 4). In contrast, the concurrent asso-
ciations between LRS and PTSD were considerable and in-
creased at follow-up (tetrachoric correlation from 0.38 to
0.49 in police and from 0.44 to 0.56 in nontraditional re-
sponders). This pattern suggests that comorbidity increased
with time. We further tested this by stratifying the analyses
by date of initial visit and controlling for demographic, ex-
posure, and life-style factors (Table 5). At follow-up, the as-
sociation remained unchanged across time intervals. The
Psychosomatic Medicine, V 77 • 438-448 442
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initial visit correlations were low in the first two strata,
but by 2005, it reached levels observed in the follow-up.
Bivariate Longitudinal Associations
The demographic and life-style risk factors were weakly as-
sociated with the health outcomes (Table 4). The exception
was abnormal FVC, which was substantially less common
in women and more common in responders with larger
BMI. Also, smoking was moderately correlated with LRS
and probable PTSD. Exposure to the dust cloud was associ-
ated with all of the health outcomes, albeit weakly. Long
work on site was related to elevated LRS and PTSD, but
the correlation with abnormal FVCwas negligible. Stability
of LRS over the interval was substantial (r = 0.54–0.58),
stability of PTSD was even higher (0.77–0.82), and FVC
was the most stable (0.85–0.86). Longitudinal associations
between LRS and PTSD were substantial, and initial PTSD
predicted follow-up LRS somewhat better (0.39–0.44)
than initial LRS predicted follow-up PTSD (0.34–0.40;
p < .001). Longitudinal correlations of these variables
with FVC were weak, other than initial FVC predicting
follow-up LRS (0.20 in both samples).
Path Analyses
The bivariate analyses suggested the presence of predictive
relations among the health variables. To test these effects
more rigorously, we conducted path analyses. These
models adjusted for all covariates significantly associated
with a given outcome in the bivariate analyses.
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TABLE 5. Associations Between Lower Respiratory Symptoms and Posttraumatic Stress Disorder, Stratified by Time
of Enrollment

Strata

Unadjusted Correlations Adjusted Correlations

Initial Visit r Follow-Up Visit r Initial Visit β Follow-Up Visit β

Police

7/2002–6/2003 0.26 0.50 0.33 0.46

7/2003–6/2004 0.11 0.42 0.03 0.29

7/2004–6/2005 0.44 0.51 0.42 0.47

7/2005–6/2006 0.40 0.56 0.35 0.51

7/2006–6/2007 0.43 0.47 0.40 0.41

7/2007–6/2008 0.32 0.54 0.26 0.56

7/2008–6/2010 0.41 0.49 0.38 0.42

Nontraditional

7/2002–6/2003 0.27 0.50 0.25 0.44

7/2003–6/2004 0.30 0.55 0.23 0.48

7/2004–6/2005 0.46 0.64 0.41 0.56

7/2005–6/2006 0.54 0.55 0.45 0.54

7/2006–6/2007 0.52 0.64 0.42 0.51

7/2007–6/2008 0.51 0.50 0.42 0.42

7/2008–6/2010 0.49 0.53 0.30 0.46

r = tetrachoric correlation; β = semipartial tetrachoric correlation controlling for age, sex, dust cloud, long work on site, time to assessment, initial body mass
index, and initial smoking status.

Stratification was based on time of initial visit. Last stratum is 2 years due to smaller number of participants in 2009 and 2010. Initial and follow-up correlations
were computed on the same people (14 strata).
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In police, both initial FVC and probable PTSD predicted
follow-up LRS above and beyond initial LRS, even after
adjusting for covariates (Fig. 1B), but the effect was stron-
ger for PTSD (β = 0.20) than FVC (0.12). In contrast, initial
LRS did not predict follow-up PTSD or FVC. WTC expo-
sures did not contribute to follow-up health directly, except
for a very weak association between long hours and PTSD.
Exposure to the dust cloud was associated with initial
PTSD. We also found a significant indirect effect of dust
cloud exposure on follow-up LRS via initial PTSD
(p < .0001). The parallel effect for longwork was not signif-
icant (p = .066). Neither exposure indicator had an effect on
follow-up PTSD via initial LRS (p > .277).

All of these associations were also observed in the non-
traditional responders (Fig. 1C). In particular, initial PTSD
predicted follow-up LRS above and beyond initial LRS
and the covariates (β = 0.23), and the effect of initial FVC
on follow-up LRS was also significant (0.12), and dust
cloud exposure had an indirect link with follow-up LRS
via initial PTSD (p < .0001). Several other effects were
significant in this group, but all were small and did not
replicate in police.

We repeated the path analyses substituting LRS-2
(wheezing and cough) for the full LRS composite, and the
pattern of results was unchanged. This suggests that the
Psychosomatic Medicine, V 77 • 438-448 444
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present findings are not due to similarities of content be-
tween respiratory and PTSD measures.

To better understand the PTSD-LRS link, we examined
a) LRS onset among responders who were initially free of
LRS and b) LRS remission among responders with initial
LRS, stratified by initial PTSD. Responders with initial
PTSD had double the onsets and half the remissions of re-
sponders without PTSD (Fig. 2).

DISCUSSION
In this longitudinal analysis of 18,896 WTC responders,
PTSD emerged as a risk factor for LRS and statistically me-
diated some of the association between disaster exposures
and LRS. Our evaluation of the association over time ex-
tends previous cross-sectional and initial longitudinal ob-
servations (4,7). We found that common risk factors and
method variance, potential overlap between anxiety and re-
spiratory symptoms, and contributions from LRS to future
PTSD could not fully explain PTSD-LRS comorbidity,
whereas PTSD predicted bothmore onsets and fewer remis-
sions of LRS. The effects were substantial, placing PTSD
among the top risk factors for LRS. Furthermore, we found
that PTSD-LRS comorbidity grew over time, until about
2006. If PTSD reduces remission and increases late-onset
LRS, whereas the natural course of WTC-LRS is to largely
May 2015

 Unauthorized reproduction of this article is prohibited.



FIGURE 2. New-onset and remission of LRS across visit stratified by probable PTSD at initial visit. In police who had no initial LRS, the
new-onset rate was 0.50 given initial PTSD and 0.22 given no initial PTSD; in nontraditional responders who had no initial LRS, the rates
were 0.50 and 0.28, respectively. In police who had initial LRS, the remission rate was 0.26 given initial PTSD and 0.46 given no initial
PTSD; in nontraditional responders who had initial LRS, the rates were 0.21 and 0.39, respectively. LRS = lower respiratory symptom;
PTSD = posttraumatic stress disorder.
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remit within 4 years after exposure, this growth of comorbid-
ity is entirely expected. Of note, the comorbidity increased
not only with the date of enrollment into the WTC–Health
Program but also over the follow-up in the same responders.

Overall, these analyses suggested a pathway where
WTC exposures triggered initial LRS and PTSD, and then
PTSD contributed further to maintenance and development
of LRS, so the effect of exposures on LRS may be medi-
ated, in part, by PTSD. Nevertheless, the present study is
observational and cannot evaluate causality in the observed
paths. Randomized clinical trials of PTSD treatments are
being conducted at Long Island WTC-HP to test the causal
connection with LRS experimentally. It also should be
noted that negative affectivity and reporting biases affect
both PTSD and LRS (34–36) and inflate the apparent asso-
ciation. We controlled for these effects statistically and
found that they cannot explain the PTSD-LRS link fully.

Also, here we evaluated statistical relationships and have
not examined biological processes underlying these links.
One possibility is that PTSD is associated with sympathetic
hyperactivity (24) and immune dysregulation (25,26), which
can increase vulnerability to pulmonary inflammation,
and that in turn may produce respiratory problems (27).
Psychosomatic Medicine, V 77 • 438-448 445
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Furthermore, recent studies of PTSD found epigenetic
changes in immune system genes that may contribute to
this pathway (56,57). Immunologic and epigenetic studies
of WTC responders are underway to evaluate these possi-
bilities. If such studies confirm this pathway, PTSD treat-
ment should be considered in prevention of LRS and
management of ongoing respiratory problems.

In contrast to respiratory symptoms, abnormal pulmo-
nary function was not related to PTSD. Furthermore, spi-
rometry and LRS correlated only modestly. Both findings
were observed in this population previously (4,7), and the
dissociation between spirometry and symptom indices is
an established phenomenon found in various populations
(58,59). Spirometry is less sensitive than symptoms to the
presence of respiratory problems (60). Furthermore, typical
LRS has an episodic course, and one-time spirometry is not
effective at capturing such conditions, consistent with our
results. The observed pattern suggests that PTSD is associ-
ated with more subtle and fluctuating changes in airways
rather than with chronic restriction or obstruction.

Along with previous studies of WTC responders
(4,5,17), we observed substantially lower rates of mental
and physical health problems in police. This effect may be
May 2015
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explained by distinct characteristics of the police group, in-
cluding selection, training, previous exposure to traumatic
events, availability of social support and mental health ser-
vices, and underreporting due to concerns about retaining
employment. Nevertheless, the pattern of associations in police
seems unaffected and largely parallels that observed in non-
traditional responders, indicating robustness of our findings.

The present findings are likely generalizable to other re-
sponder populations, given similar evidence of mental-
physical comorbidity in military and civilian samples (29).
In Gulf war veterans, for example, PTSD was strongly asso-
ciated with a variety of physical symptoms (33,61). Similar
links were found in soldiers returning from Iraq (8). In
community samples, PTSD was associated with a range of
medical conditions, including respiratory illness (62). Even
stronger connections were observed in primary care popu-
lations, where anxiety and depressive disorders were linked
to greater medical morbidity, and treatment of psychiatric
disorders produced improvement in comorbid medical con-
ditions, such as diabetes and coronary heart disease (63).
This research suggests that PTSD likely contributes to a
range of health problems in WTC-exposed populations also.
Furthermore, these studies suggest that the observed link is
not unique to PTSD, but other anxiety disorders and depres-
sion may similarly contribute to LRS. There is indirect sup-
port for this possibility in WTC-exposed individuals (6).
Future studies need to evaluate associations of LRS to a
range of psychiatric disorders in WTC responders.

Strengths of the present study include a very large sam-
ple of WTC responders, a comprehensive catchment area,
and rigorous ascertainment of WTC-related physical and
mental health conditions. On the other hand, the study
had several limitations. First, participants enrolled in the
WTC–Health Program voluntarily. Thus, our prevalence
estimates must be treated with caution (64). However, it is
unlikely that factors determining enrollment would bias
the longitudinal associations that are the focus of this report.
Second, the present study focused on respiratory problems
and PTSD, the most prevalent sequelae of WTC disaster,
and did not consider the specificity of PTSD-LRS link. In
future research, it will be important to examine a range of
physical and psychiatric symptoms to better understand
the nature of this connection. Third, although responders
who had not yet completed the follow-up did not differ
from the analysis sample on initial PTSD and LRS, health
changes during the follow-up may have influenced partici-
pation and inflated observed comorbidity rates. Fourth,
WTC exposures were assessed retrospectively—a nearly
ubiquitous shortcoming of disaster research—reducing reli-
ability of these measures (65). The exposures predicted
health conditions nevertheless, but the magnitude of the ef-
fects was likely underestimated, and the direct path from
exposures to follow-up LRS may have been weakened
and became nonsignificant. Fifth, the analysis was limited
Psychosomatic Medicine, V 77 • 438-448 446
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to two exposure measures previously found to have the
most reliable links to WTC-related conditions (4,22). Fu-
ture research should consider exposures more comprehen-
sively. Sixth, PTSD was measured by a self-report inventory
and the disorder was considered probable, although the inven-
tory shows high agreement with interview-based diagnosis.
Last, the timing of assessments varied due to the open enroll-
ment into the program.We sought to mitigate time differences
by controlling them statistically and stratifying some analyses
on enrollment time.

CONCLUSIONS
In conclusion, LRS remained common inWTC responders a
decade after the disaster. PTSD is a major risk factor for on-
set and chronicity of LRS andmay be contributing to its con-
tinued morbidity. The present study provides epidemiologic
evidence of a potential pathway leading from exposures to
PTSD to LRS. Underlying biological processes and the
causal role of PTSD remain to be tested, but if the pathway
is confirmed, aggressive PTSD treatment should be consid-
ered for responders with this comorbidity. Indeed, a range
of effective treatments for PTSD are available, such as se-
lective serotonin reuptake inhibitors and exposure therapy
(66,67), and additional treatments may become indicated
(e.g., anti-inflammatory drugs) as we learn about the mech-
anisms involved. Overall, these findings are consistent with
the effort to develop healthcare systems that treat mental and
physical conditions jointly to produce an optimal outcome.

We are extremely grateful to the WTC rescue and recov-
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