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Background. Thousands of rescue and recovery workers descended on the World Trade Center (WTC) in the wake

of the terrorist attack of September 11, 2001 (9/11). Recent studies show that respiratory illness and post-traumatic

stress disorder (PTSD) are the hallmark health problems, but relationships between them are poorly understood. The

current study examined this link and evaluated contributions of WTC exposures.

Method. Participants were 8508 police and 12 333 non-traditional responders examined at the WTC Medical

Monitoring and Treatment Program (WTC-MMTP), a clinic network in the New York area established by the

National Institute for Occupational Safety and Health (NIOSH). We used structural equation modeling (SEM) to

explore patterns of association among exposures, other risk factors, probable WTC-related PTSD [based on the PTSD

Checklist (PCL)], physician-assessed respiratory symptoms arising after 9/11 and present at examination, and

abnormal pulmonary functioning defined by low forced vital capacity (FVC).

Results. Fewer police than non-traditional responders had probable PTSD (5.9% v. 23.0%) and respiratory symptoms

(22.5% v. 28.4%), whereas pulmonary function was similar. PTSD and respiratory symptoms were moderately

correlated (r=0.28 for police and 0.27 for non-traditional responders). Exposure was more strongly associated with

respiratory symptoms than with PTSD or lung function. The SEM model that best fit the data in both groups

suggested that PTSD statistically mediated the association of exposure with respiratory symptoms.

Conclusions. Although longitudinal data are needed to confirm the mediation hypothesis, the link between PTSD

and respiratory symptoms is noteworthy and calls for further investigation. The findings also support the value of

integrated medical and psychiatric treatment for disaster responders.
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Introduction

The September 11, 2001 (9/11) terrorist attack on the

World Trade Center (WTC) was an extraordinary

environmental disaster with unprecedented physical

hazards to rescue and recovery workers from the dis-

integrated structure and contents of the WTC build-

ings, the combustion of 90 000 liters of jet fuel from the

hijacked planes, and the smoldering debris fire under

the ‘pile ’ (Gavett, 2003 ; McGee et al. 2003 ; Landrigan

et al. 2004 ; Lioy & Georgopoulos, 2006). At the same

time, responders were exposed to extreme trauma

from the loss of colleagues and friends, witnessing
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death and destruction, handling dead bodies, body

parts, fluids and personal effects, and inhaling the

caustic odor of burning and decomposing bodies and

debris.

As a consequence, respiratory ailments and post-

traumatic stress disorder (PTSD) became the two per-

sistent, signature health problems amongWTC rescue,

recovery and clean-up workers. Specifically, elevated

rates of respiratory symptoms, asthma and abnormal

lung function were reported from 3 months to 9 years

later (Levin et al. 2002 ; Prezant et al. 2002 ; CDC, 2004;

Herbstman et al. 2005 ; Tapp et al. 2005 ; Brackbill et al.

2006, 2009 ; Herbert et al. 2006 ; Wheeler et al. 2007 ;

Aldrich et al. 2010 ; Niles et al. 2011 ; Wisnivesky et al.

2011). One year after the disaster, nearly half of the

workers evaluated at the WTC Medical Monitoring

and Treatment Program (WTC-MMTP) reported inci-

dent WTC-related upper (49.6%) and lower (39.5%)

respiratory symptoms, and 31% of non-smokers had

abnormal spirometry findings (CDC, 2004) ; by 9 years,

the cumulative incidence of spirometric abnormalities

was 41.8% (Wisnivesky et al. 2011). Being in the dust

cloud with its airborne toxins and longer duration of

time working at the site significantly elevated the risk

of respiratory problems (e.g. Aldrich et al. 2010).

High rates of probable PTSD assessed with self-

report measures such as the PTSD Checklist (PCL)

have also been reported for responder cohorts (Perrin

et al. 2007 ; Bills et al. 2008 ; Farfel et al. 2008; Stellman

et al. 2008 ; Brackbill et al. 2009 ; Berninger et al. 2010 ;

Niles et al. 2011 ; Wisnivesky et al. 2011). For example, a

study of firefighters found annual rates for the first

4 years after 9/11 of about 10% per year (Berninger

et al. 2010). Similarly, the rate for the WTC-MMTP co-

hort, assessed from 10 to 61 months after 9/11, was

11.1% (Stellman et al. 2008). Among responders in the

WTC Health Registry, the rate of probable PTSD was

three times higher in unaffiliated volunteers (21.2%)

than in police (6.2%) (Perrin et al. 2007). Similar to

respiratory symptoms, exposure to the dust cloud and

longer duration of work were significant risk factors

for PTSD (e.g. Brackbill et al. 2009).

Studies of combat veterans (Hoge et al. 2007), gen-

eral population samples (Goodwin et al. 2003 ; Eaton,

2005 ; Scott et al. 2009 ; Spitzer et al. 2009 ; Von Korff

et al. 2009) and primary care patients (Yellowlees &

Kalucy, 1990 ; Üstün & Sartorius, 1995 ; Weisberg et al.

2002) have consistently found a strong relationship

between physical and mental health in general, and

between respiratory symptoms and PTSD specifically

(e.g. Engel, 2004 ; Spitzer et al. 2009), including in two

recent studies of WTC responders (Niles et al. 2011 ;

Wisnivesky et al. 2011). There are at least three ex-

planations for this link. First, the association between

respiratory symptoms and PTSD symptoms may be

coincidental, being the result of the same exposures

contributing to both conditions. Second, PTSD is as-

sociated with immunologic dysregulation (McEwen &

Stellar, 1993 ; Chrousos, 1995 ; Delahanty et al. 1997 ;

Ironson et al. 1997 ; Boscarino & Chang, 1999 ; Schnurr

& Jankowski, 1999), which may increase pulmonary

inflammation and autonomic dysregulation resulting

in respiratory abnormalities (Blechert et al. 2007).

Furthermore, the cognitive and attentional processes

associated with PTSD may increase perception and

reporting of respiratory symptoms (Dales et al. 1989 ;

Yellowlees & Kalucy, 1990 ; Üstün & Sartorius, 1995 ;

Schnurr & Green, 2004 ; North et al. 2009). For these

reasons, Spitzer et al. (2009) argued that PTSD can

mediate the effects of trauma on chronic respiratory

disease. Third, chronic respiratory symptoms could

serve as recurrent reminders of the horrors of a trau-

matic event and elevate PTSD rates (Yellowlees

& Kalucy, 1990) ; that is, pulmonary problems may

mediate effects of trauma on PTSD.

The present study explores the associations of WTC

exposures with probable PTSD, respiratory symptoms

and lung function abnormality in rescue, recovery and

clean-up workers participating in the WTC-MMTP.

The cohort is composed of workers trained in disaster

response (e.g. police ; n=8508) and non-traditional

responders in other occupations (e.g. building trades,

maintenance, communications, transportation, health

care, and other volunteers ; n=12 333). Previous re-

search documented that professional responders to

disasters report fewer mental health symptoms than

volunteers with no previous disaster training (Perrin

et al. 2007 ; Thormar et al. 2010). We thus stratified the

cohort into police and non-traditional responders both

to compare the rates of PTSD and respiratory symp-

toms and to examine the associations among these

conditions. We explored three alternative hypotheses :

(1) PTSD statistically mediated the association of

exposure with pulmonary health ; (2) respiratory

problems mediated the association of exposure with

PTSD; or (3) their co-morbidity was due to shared risk

factors.

Method

The sample

Data come from patients evaluated at the WTC-

MMTP, which comprises seven clinics in New York

and New Jersey. The program is available to WTC re-

sponders who (a) had qualifying involvement in the

WTC clean-up and recovery effort ; and (b) were not

eligible to participate in other federally funded pro-

grams offered to the New York City Fire Department

or to federal or state employees (Herbert et al. 2006).
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WTC responders were recruited to the program

through an extensive outreach effort that included

union meetings, mailings, media articles, and some

50 000 telephone calls in multiple languages. The data

for the current study were derived from the initial

examinations that took place on average 4 years after

11 September 2001, between 16 July 2002 and

11 September 2008.

Institutional Review Boards of each affiliated site

approved and monitored compliance with procedures

for obtaining informed consent and protecting human

subjects. More than 90% of clinic patients provided

written informed consent for their data to be used for

research purposes (n=22 894 participants). Complete

data on all study variables were available for n=
20 841. The excluded group was within two percent-

age points of the analysis sample on all study variables

except working in law enforcement (34.1% of ex-

cluded versus 40.8% of the analysis sample), long work

on site (22.4% v. 25.1%) and probable PTSD (20.5%

v. 16.0%).

Measures

WTC exposures

WTC exposure was assessed with two indices pre-

viously found to be significantly associated with

both mental and physical health (e.g. Brackbill et al.

2006) : dust cloud exposure (DiGrande et al. 2011),

which occurred among responders who arrived on

11 September 2001 and worked on or near the debris

pile ; and long duration of work at Ground Zero, the

Fresh Kills landfill (where debris from the disaster was

brought), or the Office of the Chief Medical Examiner.

The median duration of work was 633 h (interquartile

range 191–1353 h). Long duration was defined as

being in the top quartile (>1353 h).

Probable PTSD

Probable WTC-related PTSD was measured using

the PCL (Weathers et al. 1993), a 17-item self-report

measure assessing the criterion symptoms listed in

DSM-IV. Participants were asked to rate problems

they were bothered by in the past month ‘ in relation

to 9/11’ on a scale of ‘1=not at all ’ to ‘5=extremely ’.

The scale was summed, and a score of o50 was used

to indicate probable PTSD (Terhakopian et al. 2008).

Item no. 5 asks about ‘having physical reactions (e.g.

heart pounding, trouble breathing, sweating) when

something reminded you of the disaster ’. To test

whether this item influenced the association between

PTSD and respiratory symptoms, we also scored PTSD

by summing the other 16 items and applying a pro-

rated cut-point of 47.

Lower respiratory symptoms

Lower respiratory symptoms were rated by WTC-

MMTP physicians using questions selected from

standard sources (Burney et al. 1989 ; National Center

for Health Statistics, 1996; NIOSH, 2006). Seven lower

respiratory symptoms were assessed: shortness of

breath (under a variety of circumstances and times of

day), wheezing, chest tightness, exercise intolerance,

dry cough, hemoptysis, and productive cough. We

focused on the development of one ormore new symp-

toms after 11 September 2001 that persisted in the

month before examination.

Pulmonary function

Pulmonary function was evaluated using the

EasyOneTM spirometer (ndd Medical Technologies,

USA) following standard techniques (Miller et al. 2005;

Enright et al. 2008). Consistent with previous reports

on WTC responders (Herbert et al. 2006; Skloot et al.

2009), we focused on restrictive breathing pattern as

measured by tests of forced vital capacity (FVC) and

forced expiratory volume in one second (FEV1).

Abnormal pulmonary function was based on the

trial yielding the largest sum of FVC+FEV1 and

defined as scoring below versus within/above the

age-sex-race-height-specific lower limit of normal

(Hankinson et al. 1999).

Additional risk factors

Other established risk factors, such as body mass in-

dex (BMI) and current tobacco use (e.g. Eaton, 2005 ;

Von Korff et al. 2009), were adjusted in all multivariate

analyses. Current age, sex and time (in years) from

9/11 to assessment were also adjusted when the bi-

variate analysis indicated that they were significantly

related to the health variables.

Analysis methods

We first compared police and non-traditional re-

sponders on the study variables using x2 tests for cat-

egorical data and t tests for continuous variables. To

evaluate bivariate associations among the variables,

we used polychoric correlations when continuous

variables were involved and tetrachoric correlations

when both variables were dichotomous to produce

equivalent estimates for continuous variables, dichot-

omous variables, and a mix of the two. Polychoric and

tetrachoric correlations have a clear interpretation,

with r=0.10 conventionally considered a small effect,

r=0.30 a medium effect and r=0.50 a large effect

(Cohen, 1988).
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Structural equation modeling (SEM), a system

of multiple regressions that are estimated simul-

taneously (Kline, 2011), was used to explore the

plausibility of the three alternative hypotheses about

the pathways from exposure to PTSD and respiratory

conditions. In the first model, WTC exposures were

associated with PTSD and respiratory problems, and

these conditions were correlated but independent.

In the second model, associations between exposure

and respiratory problems were statistically mediated

in part by PTSD. Hence, in addition to direct paths,

we included paths that went from exposures to

PTSD and then from PTSD to respiratory problems

(Fig. 1). In the third model, associations between

exposure and PTSD were mediated in part by respir-

atory conditions. In the latter two analyses, we tested

the statistical significance of the indirect paths. In each

model, we adjusted for smoking status and BMI in

addition to the other risk factors that were signifi-

cantly associated with the health outcome in the bi-

variate analyses. The analyses were performed using

Mplus version 6.1 (Muthén & Muthén, 2010). We used

the maximum likelihood robust (MLR) estimator,

which can handle non-normal distributions. In evalu-

ating the model, we considered two absolute and three

relative fit indices available in Mplus (Akaike, 1974 ;
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Fig. 1. Best-fitting structural equation models for (a) police and (b) non-traditional responders. Values are standardized path

coefficients. Non-significant (p>0.05) coefficients are not shown, and the corresponding paths are shown as broken lines.

Correlations among covariates are not shown. Analyses adjusted for age, gender and time to assessment (not shown) whenever

they were significantly correlated with the outcome (Table 2). Age, gender and time to assessment had paths to probable

post-traumatic stress disorder (PTSD) ; age and gender had paths to pulmonary function ; time to assessment had a path to

lower respiratory symptoms. Directional arrows indicate regression paths ; double-headed arrows indicate correlations.

BMI, Body mass index.
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Kass & Raftery, 1995 ; Burnham & Anderson, 2002 ;

Marsh et al. 2004).

Results

Sample characteristics

The police cohort differed significantly (p<0.001) from

the non-traditional responders on most study vari-

ables (Table 1). Police were less likely to have probable

WTC-related PTSD (5.9% v. 23.0%) and to have res-

piratory symptoms (22.5% v. 28.4%). However, the

proportion with abnormal pulmonary function was

similar (y23%). With regard to exposure, more than

twice as many police (28.9%) compared to non-

traditional responders (12.7%) were exposed to the

dust cloud, but more non-traditional responders

(26.8%) than police (22.8%) spent prolonged time

working at the site. In addition, most of the police

(n=7898; 92.8%) and non-traditional responders

(n=10489; 85.0%) reported working during

September, 2001. Among them, 40.0% of police and

33.1% of non-traditional responders reported spend-

ing the majority of their time on or in the debris pile

or pit ; a further 42.5% of police and 58.9% of non-

traditional responders worked in adjacent areas. The

remainder were at the landfill, medical examiner’s

office, loading piers, and elsewhere.

With respect to background characteristics, police

officers were younger, had slightly higher BMI, were

less likely to smoke cigarettes, and were examined

somewhat later than non-traditional responders.

Bivariate associations

Table 2 shows the bivariate associations among the

study variables. Overall, the associations among the

health variables were similar in the two groups.

Abnormal lung function was only modestly correlated

with respiratory symptoms (r=0.09 in police and 0.13

in the non-traditional group) and was not significantly

associated with probable PTSD. By contrast, lower

respiratory symptoms were substantially associated

with probable PTSD (r=0.28 and 0.27 respectively).

The associations were the same to the second decimal

when we substituted the revised PTSD variable that

excluded PCL item no. 5.

WTC exposures showed notable associations with

lower respiratory symptoms (range r=0.14–0.24), less

so with probable PTSD (r=0.07–0.12), and were only

weakly associated with lung function. Indeed, for

PTSD and respiratory symptoms, the odds ratios

(ORs) among police ranged from 1.4 [95% confidence

interval (CI) 1.2–1.8] for dust cloud exposure with

probable PTSD to 1.6 for dust cloud exposure and

long hours worked with respiratory symptoms (95%

CI 1.5–1.8 and 1.4–1.8 respectively). Among non-

traditional responders, the ORs ranged from 1.2 for

both dust cloud exposure and long hours worked

with probable PTSD (95% CI 1.1–1.4 for each) to 2.0

(95% CI 1.8–2.2) for long hours worked with respirat-

ory symptoms.

Among the other risk factors, higher BMI was

significantly associated with pulmonary abnormality,

and smoking was most strongly associated with res-

piratory symptoms. The other risk factors were sig-

nificantly associated with at least one health variable

and hence were adjusted in the multivariate models.

Path models

Each of the three models examined with SEM fit the

data well (Supplementary Table S1, available online).

However, the model in which associations between

exposures and respiratory problems were mediated

Table 1. Comparison of police and non-traditional responders on study variablesa

Police

(n=8508)

Non-traditional

responders (n=12 333) p value

Years from 9/11 to assessment, mean (S.D.) 4.1 (1.8) 3.4 (1.9) <0.001

Current age (years), mean (S.D.) 40.8 (6.6) 44.4 (9.9) <0.001

Sex : female, % 15.0 13.9 <0.05

Worked in dust cloud, % 28.9 12.7 <0.001

Long work on site, % 22.8 26.8 <0.001

BMI, mean (S.D.) 30.0 (4.9) 29.3 (5.3) <0.001

Current cigarette smoker, % 10.2 20.3 <0.001

Probable WTC-related PTSD, % 5.9 23.0 <0.001

Abnormal pulmonary function, % 23.7 22.1 <0.05

Lower respiratory symptoms, % 22.5 28.4 <0.001

BMI, Body mass index ; WTC, World Trade Center ; PTSD, post-traumatic stress disorder ; S.D., standard deviation.
a Dichotomous variables were compared using the x2 test. Continuous variables were compared using the t test.
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in part by PTSD showed better absolute fit in both

responder groups. The relative fit indices indicated

that support for this pathway was much stronger

(odds in favor of it were over 100 :1) than for the

alternatives. This model is presented in Fig. 1 ; signifi-

cant paths are shown with solid lines, along with the

coefficients, and non-significant paths are given with

dashed lines, without coefficients. Time to assessment,

age and sex were adjusted in these models whenever

these variables were significantly correlated with

the outcome (paths not shown). The results were

similar for the two occupational groups except that,

in police, BMI but not smoking was associated with

probable PTSD, whereas among the non-traditional

responders, smoking but not BMI was associated

with PTSD. Overall, both WTC exposures were as-

sociated modestly but significantly with probable

PTSD (range b=0.04–0.08), which in turn was sub-

stantially associated with respiratory symptoms

(b=0.28 and 0.30). Independent of this pathway, WTC

exposures contributed directly to respiratory symp-

toms (b=0.06–0.13), and smoking and BMI also

showed weak but significant associations. We tested

the indirect contributions of each WTC exposure to

lower respiratory symptoms and found all of them to

be significant (p<0.002), indicating that these associ-

ations were partially mediated by PTSD. With regard

to lung function, the exposures were weakly associ-

ated in both groups, and none of the indirect as-

sociations was significant, indicating that the links

of exposures to lung function abnormality were

independent of PTSD.

Discussion

Consistent with prior studies of WTC responder

cohorts, abnormal pulmonary function, lower respir-

atory symptoms, and probable WTC-related PTSD

were common an average of 4 years after the disaster.

Specifically, nearly one-quarter of police and one-third

of non-traditional responders had lower respiratory

symptoms that emerged after 9/11 and were present

in the month prior to examination, and 22–24% had

abnormal lung function findings. As expected, the

prevalence of probable WTC-related PTSD in non-

traditional responders without emergency response

training (23.0%) was considerably higher than among

police responders (5.9%). Consistent with prior

studies (e.g. Perrin et al. 2007; Brackbill et al. 2009),

dust cloud exposure and greater number of hours

worked were associated with PTSD, and there was a

significant association between probable PTSD and

respiratory symptoms. Most importantly, our results

suggested an indirect association of exposure with

respiratory problems through PTSD, a finding that

mirrors research conducted with Vietnam veterans

(Schnurr & Jankowski, 1999). Moreover, the associ-

ations observed in the final model were similar in

both police and non-traditional responders. Thus, the

current results both extend our understanding of

the health of WTC-MMTP responders and add to a

growing body of data on the link between PTSD and

respiratory problems.

This study cannot determine whether PTSD

mediates the direct effects of WTC exposures on

Table 2. Correlations among study variables in police (below diagonal) and non-traditional responders (above diagonal)

Time to

assess-

ment Age Female

Worked

in dust

cloud

Long

work

on site BMI

Current

smoker

Probable

PTSD

Pulmonary

function

Lower

respiratory

symptoms

Time to assessment – 0.14 0.04 0.00 x0.14 0.06 x0.05 0.08 0.04 -0.22
Age 0.17 – x0.03 0.04 x0.05 0.06 x0.14 0.02 0.13 0.00

Female 0.06 x0.01 – x0.08 x0.06 -0.18 -0.16 0.19 -0.15 0.01

Worked in dust cloud x0.14 0.01 x0.06 – 0.09 0.07 x0.01 0.07 0.08 0.14

Long work on site x0.06 x0.01 0.03 0.18 – 0.03 0.11 0.07 x0.02 0.24

BMI 0.04 0.06 -0.26 0.02 0.05 – x0.08 x0.02 0.21 0.07

Current smoker x0.08 x0.04 0.13 0.00 0.00 -0.15 – 0.12 0.07 0.15

Probable PTSD 0.11 0.14 0.05 0.11 0.12 0.08 0.06 – 0.03 0.27

Pulmonary function x0.02 0.02 -0.22 0.06 0.01 0.15 0.05 0.03 – 0.13

Lower respiratory

symptoms

-0.17 0.04 0.06 0.17 0.16 0.08 0.11 0.28 0.09 –

BMI, Body mass index ; PTSD, post-traumatic stress disorder.

Correlations involving continuous variables are polychoric ; all others are tetrachoric. Correlations >0.03 are significant at

p<0.05 level.

Noteworthy associations (ro0.15) are shown in bold.
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respiratory symptoms or if it serves to mediate the

chronicity, rather than the onset, of respiratory symp-

toms. Longitudinal data and a rigorous diagnosis of

PTSD are needed to disentangle these possibilities.

Future studies should also include direct measures

to test possible biological (e.g. immunologic dys-

regulation) and cognitive (e.g. increased attention to

somatic symptoms) mechanisms underlying the ob-

served link.

There are other limitations that should be noted

when drawing inferences from the results. The current

sample is composed of volunteers, and prevalence es-

timates from this and responder cohorts in previous

reports must be treated with caution (Savitz et al.

2008). It is also possible that PTSD increased the par-

ticipation of individuals with respiratory symptoms

andWTC exposures. Longitudinal research using data

from subsequent visits will determine whether PTSD

increased retention of individuals with these symp-

toms and exposures, but we have no way of assessing

this bias with data from the initial visit. To enhance

reliability, we focused on incident respiratory symp-

toms that appeared after 9/11 rather than symptoms

that started before 9/11. Thus the rates reported here

are lower than those in studies combining incident

and prevalent cases (e.g. Farfel et al. 2008). We also

limited the analysis to two reasonably independent

exposures based on prior WTC findings. Future re-

search should also consider other specific exposures.

With regard to probable PTSD, the analysis sample

had a somewhat lower rate than the excluded sample.

Thus the prevalence estimates are conservative. As

noted elsewhere, police officers may have under-

reported PTSD symptoms because of concerns about

retaining their employment. Despite these limitations,

our results clearly confirm that respiratory and PTSD

conditions were common and co-morbid, and suggest

that PTSD may be mediating the exposure–respiratory

symptom relationship in both professional and non-

traditional WTC responders.

Shortly after 9/11, WTC rescue and recovery

workers began to report a variety of symptoms

involving the lower respiratory system, including

dyspnea, chest discomfort, and chronic cough. These

reports were first noted among New York City Fire

Department workers who developed cough and

bronchial hyperactivity (WTC cough; Prezant et al.

2002). These findings were predominantly attributable

to airway abnormalities. Intense exposure and early

development of bronchial hyperactivity predicted per-

sistence of reactive airway dysfunction 6 months later.

Physiologically, there was a bronchodilator response

and hyper-reactivity ; radiographically, there was air

trapping and thickening of the bronchial wall without

evidence of parenchymal changes (Izbicki et al. 2007 ;

Prezant, 2008). However, the protean nature of the

respiratory symptoms and the lack of physical or

physiologic correlates of disease in some patients

raised the possibility that the symptoms resulted from

multiple etiologies. This notion received support

in the present study, as we found that lower respirat-

ory symptoms had a weak association with pulmon-

ary function, and, consistent with Niles et al. (2011),

their associations with probable PTSD were much

stronger.

We initially expected that responders with intense

and extensive exposure would display more severe

pulmonary illness and higher levels of PTSD symp-

toms. We were therefore surprised not to find a cor-

relation between abnormal spirometry results and

PTSD. However, a one-time spirometry assessment

is known to have low sensitivity and specificity for

episodic respiratory illnesses. The link between res-

piratory symptoms and PTSD, although well docu-

mented in general, clinical and veteran populations,

is not well understood. Further studies are needed

to elucidate the precise biological and psychological

mechanisms involved in populations with different

exposure experiences. The stratification of our analysis

by occupational status revealed that the police and the

non-traditional responders differed with respect to

WTC exposures and prevalence of probable PTSD.

The latter may be explained by the characteristics of

police officers, including the selection, training, pre-

vious exposure to traumatic events, 9/11 exposure

differences and reporting biases, in addition to the

availability of social support and mental health ser-

vices during and after the disaster. Although PTSD

was less common in police than non-police, the link

between probable PTSD and lower respiratory symp-

toms (and the absence of an association with abnormal

spirometry results) was similar in the two groups.

The results have important implications for under-

standing illness burden on responders following

large-scale disasters. Respiratory illness, in particular,

is multi-faceted and can be attributed to structural ab-

normalities, functional syndromes and somatization.

The presence of probable PTSD may provide an im-

portant signal for clinicians regarding the etiology

or persistence of such symptoms presented by the

responders. As shown here, there is a substantial as-

sociation between PTSD and respiratory symptoms.

Regardless of which came first, PTSD or respiratory

symptoms, our findings emphasize that mental health

screening is as essential as screening for respiratory

symptoms. Of course, a clinical diagnosis of PTSD

and objective testing for physical conditions provide

the most crucial evidence about co-morbidity, and

longitudinal data are needed to validate the mediation

results. Nonetheless, the current findings support
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treatment strategies that integrate physical and mental

health targets (Von Korff et al. 1997).

The current results also support previous findings

that the health and mental health effects of the WTC

disaster are enduring (Wisnivesky et al. 2011). Under-

standing why some responders are at higher or lower

risk for developing persistent health problems fol-

lowing a large-scale disaster is important for design-

ing disaster preparedness and long-term treatment

programs for health problems that may develop into

more chronic conditions. The health consequences of

disaster recovery and clean-up could be improved by

a better understanding of the prior training and ex-

periences of the responders who altruistically assist

under the worst possible conditions and by providing

non-traditional responders with some level of prep-

aration before they go on site. A qualitative study by

Johnson et al. (2005) found that non-traditional WTC

responders felt ill-prepared for the recovery and clean-

up work. Specifically, they felt overwhelmed by the

clean-up duties and did not feel that they had proper

protective equipment. In our study, this group re-

ported significantly higher rates of probable PTSD

than police. This finding suggests that better preven-

tive interventions must be put in place for non-

traditional responders who volunteer to participate

in disaster-related activities (Reissman & Howard,

2008). Providing psychological first-aid soon after the

exposure is recommended to protect against the de-

velopment of chronic stress-related disorders (Ursano

et al. 2007).

In our age, the number of toxic events in which

relatively large populations are exposed to concomi-

tant physical and psychological traumas has increased

dramatically. In the sample of WTC responders who

participated in this study, there was a striking corre-

lation between PTSD and respiratory symptoms, with

evidence that PTSD might play a mediating role in the

exposure–symptom relationship. The associations

reported in this paper have set the stage for further

research to elucidate the pathways for the develop-

ment and maintenance of respiratory problems using

a longitudinal design, a diagnostic measure of

PTSD, and additional risk and protective factors. Scott

et al. (2009) demonstrated that mental–physical co-

morbidity has both additive and synergistic effects on

disability, underscoring the importance of disentangl-

ing the association of PTSD and respiratory symptoms

in addition to the provision of integrated general

medical and psychiatric care for disaster responders.
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Üstün TB, Sartorius N (1995). Mental Illness in General Health

Care : An International Study. John Wiley & Sons Ltd :

Chichester, UK.

Von Korff M, Gruman J, Schaefer J, Curry SJ, Wagner EH

(1997). Collaborative management of chronic illness :

essential elements. Annals of Internal Medicine 127,

1097–1102.

Von Korff MR, Scott KM, Gureje O (eds) (2009). Global

Perspectives on Mental-Physical Comorbidity in the WHO

World Mental Health Surveys. Cambridge University Press :

New York, NY.

1078 B. J. Luft et al.



Weathers F, Litz B, Herman D, Huska J, Keane T (1993). The

PTSD Checklist (PCL) : reliability, validity, and diagnostic

utility. Paper presented at the Annual Convention of the

International Society for Traumatic Stress Studies,

San Antonio, TX.

Weisberg RB, Bruce SE, Machan JT, Kessler RC,

Culpepper L, Keller MB (2002). Nonpsychiatric illness

among primary care patients with trauma histories and

posttraumatic stress disorder. Psychiatric Services 53,

848–854.

Wheeler K, McKelvey W, Thorpe L, Perrin M, Cone J,

Kass D, Farfel M, Thomas P, Brackbill R (2007). Asthma

diagnosed after 11 September 2001 among rescue and

recovery workers : findings from the World Trade Center

Health Registry. Environmental Health Perspectives 115,

1584–1590.

Wisnivesky JP, Teitelbaum SL, Todd AC, Boffetta P,

Crane M, Crowley L, de la Hoz RE, Dellenbaugh C,

Harrison D, Herbert R, Kim H, Jeon Y, Kaplan J, Katz C,

Levin S, Luft B, Markowitz S, Moline JM, Ozbay F,

Pietrzak RH, Shapiro M, Sharma V, Skloot G,

Southwick S, Stevenson LA, Udasin I, Wallenstein S,

Landrigan PJ (2011). Persistence of multiple illnesses in

World Trade Center rescue and recovery workers : a cohort

study. Lancet 378, 888–897.

Yellowlees PM, Kalucy RS (1990). Psychobiological

aspects of asthma and the consequent research

implications. Chest 97, 628–634.

WTC exposure, PTSD and respiratory illness 1079


