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Abstract

Rationale: Post-traumatic stress disorder (PTSD) has been
associated with asthma in cross-sectional studies. Whether PTSD
leads to clinically significant bronchodilator response (BDR) or
new-onset asthma is unknown.

Objectives:We sought to determine the relationship
between probable PTSD and both BDR and incident asthma
in a high-risk cohort of World Trade Center workers in
New York (NY).

Methods:This study was conducted on data from a high-risk cohort
of 11,481World Trade Center workers in New York, including 6,133
never smokers without a previous diagnosis of asthma. Of the 6,133
never smokers without asthma, 3,757 (61.3%) completed a follow-up
visit several years later (mean = 4.95 yr, interquartile range =
3.74–5.90 yr). At the baseline visit, probable PTSD was defined as a
score 44 points or greater in the PTSD Checklist questionnaire, and
BDRwas defined as both a change of 12%or greater and an increment
of 200 ml or greater in FEV1 after bronchodilator administration.

Incident asthma was defined as a self-report of new physician-
diagnosed asthma after the baseline visit. Multivariable logistic
regression was used for the analysis of probable PTSD and baseline
BDR or incident asthma.

Measurements and Main and Results: At baseline, probable
PTSDwas associatedwithBDRamongall participants (adjusted odds
ratio = 1.43; 95% confidence interval = 1.19–1.72), with similar
results among never smokers without asthma. Among 3,757 never
smokers, probable PTSD at baseline was associated with incident
asthma, even after adjustment for baseline BDR (odds ratio = 2.41;
95% confidence interval = 1.85–3.13). This association remained
significant in a confirmatory analysis after excluding 195 subjects
with baseline BDR.

Conclusions: In a cohort of adult workers exposed to a severe
traumatic event, probable PTSD is significantly associated with BDR
at baseline and predicts incident asthma.
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Asthma is a major public health issue,
affecting approximately 25.7 million people
in the United States (1). Asthma and post-
traumatic stress disorder (PTSD) have
become chronic common conditions
among workers who conducted rescue and
recovery tasks at the World Trade Center
(WTC) disaster site in 2001–2002 (2, 3).
In a follow-up study, the cumulative
incidences of asthma and PTSD among
WTC rescue and recovery workers were
27.6 and 9.3%, respectively (4).

Observational studies in adults have
shown that exposure to war-related trauma
and PTSD are associated with asthma
symptoms or self-reported asthma (5–8), but
those studies were limited by a cross-
sectional design and lack of objective data
on reversible airflow obstruction, a key
component of asthma. Expiratory airflow
response to short-acting inhaled b2-agonists
(bronchodilator response [BDR]) is often
used to assess reversibility of airflow
obstruction. BDR is widely used to support
a diagnosis of asthma in adults, both in
clinical practice and in clinical trials.

Whether PTSD is associated with BDR
or new-onset (incident) asthma is unknown.

Given preliminary evidence of a link between
PTSD and asthma (5–7), we hypothesized
that PTSD is associated with clinically
significant BDR, and that PTSD leads to new
onset of asthma in adults (even in those
without pre-existing asthma or BDR). We
tested these hypotheses in a large cohort of
WTC rescue and recovery workers (4).

Methods

Subject Recruitment and Study
Procedures
In 2002, the WTC Worker and Volunteer
Medical Screening Program was established
to characterize WTC-related effects on
medical and mental health. Details on
subject recruitment and the study protocol
have been previously reported (9). In brief,
study subjects were all workers and
volunteers who performed rescue, recovery,
and service restoration duties at the WTC
disaster site from September 11, 2001 to
June 2002 (including all occupational
groups, except firefighters) (9). Eligibility
criteria to participate in the screening and
longitudinal surveillance program have
been described elsewhere (9). Beginning in
July 2002, all subjects underwent a baseline
screening evaluation, which included
questionnaires on respiratory symptoms,
occupational exposures, self-reported
physicians’ diagnoses, and the PSTD
Checklist (PCL) (10), and spirometry.
Subsequent (“monitoring”) health
surveillance visits, including a similar
evaluation, were scheduled at 12- to
18-month intervals.

Our exposure of interest was probable
PTSD at the baseline study visit, defined as a
score equal to or greater than 44 points in the
PCL questionnaire, a validated scale (10).
This score has been used in a number of
previous studies of the WTC and other
cohorts, and is strongly correlated with a
clinical diagnosis of PTSD (10). In a
secondary analysis, we examined trajectories
of probable PTSD between the baseline and
second follow-up visits, as previously
defined: resilient (no probable PTSD at either
study visit), recovering (probable PTSD at
the baseline study visit, but not at the second
follow-up visit), late onset (probable PTSD at
the second follow-up visit, but not at the
baseline visit), and chronic (probable PTSD
at both study visits) (11).

Spirometry was performed using a
portable flow spirometer (ndd, Zurich,

Switzerland). At the baseline visit, spirometry
was repeated 15 minutes after administration
of two puffs of albuterol in as many
subjects (z80%) as possible. All testing
and interpretative approaches followed
American Thoracic Society recommendations
(12). BDR was calculated as percent change
in FEV1, as follows: ([postbronchodilator
FEV12 prebronchodilator FEV1]/
prebronchodilator FEV1)3 100). BDR was
also calculated as absolute change in
milliliters (postbronchodilator FEV12
prebronchodilator FEV1). Clinically
significant BDR (heretofore simply BDR, for
ease of exposition) was then defined as both a
percent change of 12% or greater and an
absolute increment of 200 ml or greater in
FEV1 after bronchodilator administration.

At the second follow-up visit (mean =
4.95 yr, interquartile range = 3.74–5.90 yr),
incident asthma was defined as self-report
of a new diagnosis of physician-diagnosed
asthma among subjects who reported not
ever having had physician-diagnosed
asthma at baseline.

Baseline covariates of interest included
age (grouped into five categories: 20–29 yr,
30–39 yr, 40–49 yr, 50–59 yr, and at least
60 yr), sex, race/ethnicity (defined as
non-Latino white, non-Latino African
American, Latino [of any race], Asian, and
other), smoking history and intensity of
cigarette smoking, WTC occupational
exposure, education (categorized as less
than a high school diploma, high school
graduate, some college, or college graduate),
body mass index (BMI), and physician-
diagnosed asthma. A subject was
considered a lifetime nonsmoker if (s)he
had smoked less than 20 packs of cigarettes
(or 12 oz. of tobacco) in a lifetime, or less
than 1 cigarette/d (or 1 cigar/wk) for 1 year.
A minimum of 12 months without tobacco
use was required to deem a subject a former
smoker. Smoking intensity was quantitated
among ever smokers as pack-years. For
WTC occupational exposure, we used a
previously published categorization, based
on exposure to the dust cloud on September
11, 2001, work at the pile of the collapsed
towers, and exposure duration (8). The
very-high-exposure group consisted of
those who were exposed to the dust cloud,
and who worked at least some time on the
pile of debris and for more than 90 days at
the site. The high-exposure group was
comprised of workers who were exposed to
the dust cloud, but either did not work
more than 90 days or on the pile of debris.

At A Glance Commentary

Scientific Knowledge on the
Subject: A few cross-sectional studies
have shown that exposure to traumatic
events or post-traumatic stress
disorder (PTSD) is associated with
asthma symptoms or self-reported
asthma. Whether PTSD leads to
clinically significant bronchodilator
response (BDR; a key component of
asthma) or new-onset asthma is
unknown.

What This Study Adds to the
Field: We show that probable PTSD is
significantly associated with clinically
significant BDR and predicts incident
asthma in adult workers exposed to a
severe traumatic event (the World
Trade Center disaster of September 11,
2001). Our findings strongly support
an expanding body of literature linking
stress-related disorders, such as PTSD,
to the pathogenesis of asthma, and
suggest that physicians treating adults
with PTSD should be aware of their
potentially increased risk of asthma.
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The intermediate group consisted of
workers not exposed to the dust cloud, and
who either worked between 40 and 90 days,
or did not work on the pile of debris. The
low-exposure group included those who
were not exposed to the dust cloud from the
tower collapse, did not work in the debris
pile, and for at least 40 days. Given that
only 3% of the cohort was very highly
exposed, we collapsed the very high and
high categories into a high-exposure group,
leaving a total of three categories. We
categorized BMI at baseline examination
into normal, overweight, and obese
(18–24.9, 25–29.9, and >30 kg/m2,
respectively). We also considered weight
change between the baseline and follow-up
visit, which was classified as: (1) loss of more
versus less than 2.5 kg; or (2) gain of less
than 2.5 kg, 2.5–5.0 kg, or more than 5 kg.

The study was approved by the Mount
Sinai Program for the Protection of Human
Subjects (Mount Sinai, New York, NY),
and restricted to patients who signed an
informed consent document to participate
in research studies.

Statistical Analysis
The main characteristics of subjects with
and without probable PTSD at the baseline

visit were compared using chi-square or
t tests, as appropriate. Logistic regression
was used for the analysis of probable PTSD
and BDR (at baseline) or incident asthma
(by the follow-up visit) in study participants.

For the analysis of baseline PTSD and
BDR, all multivariable models were adjusted
for age, sex, race/ethnicity, education,
smoking status, intensity of cigarette
smoking, WTC occupational exposure, and
BMI. Because tobacco use and asthma are
both correlated with BDR, we repeated this
analysis after excluding subjects who had
ever received a diagnosis of asthma or had
ever smoked before September 11, 2001.

We next conducted a multivariable
analysis of probable PTSD at the baseline
study visit and incident physician-diagnosed
asthma between the baseline and follow-up
visits. To avoid potential confounding by
tobacco smoke and to examine only new-
onset asthma, this analysis was restricted to
lifetime nonsmokers who had not been
diagnosed with asthma at the baseline visit.
Because baseline BDR could be a marker of
subclinical or undiagnosed asthma, this
multivariable analysis was adjusted for
baseline BDR, in addition to age, sex,
race/ethnicity, WTC occupational exposure,
education, baseline BMI, and weight change

between the baseline and follow-up visits.
In confirmatory analyses, we repeated the
multivariable analysis after additional
adjustment for the time elapsed between the
baseline and follow-up visits, while also
conducting a multivariable analysis
restricted to subjects without BDR at
baseline. Finally, we conducted a secondary
analysis of probable PTSD trajectories and
incident physician-diagnosed asthma
between the baseline and follow-up visits,
adjusting for the same variables as in our
primary analysis above.

All analyses were conducted using the
SAS statistical package (v. 9.3; SAS Institute,
Cary, NC).

Results

Of the 18,994 subjects who completed a
baseline visit, 11,481 (60.4%) had complete
data on probable PTSD, BDR, asthma, and
the covariates of interest, and were thus
included in the current analysis (see Figure
1). Compared with subjects excluded from
the analysis of data from the baseline visit,
those included were significantly more
likely to be aged 20–39 years, to be Latino
or non-Latino white or non-Latino Asian,
to be lifetime nonsmokers, and to have
intermediate WTC occupational exposure.
On the other hand, subjects included in the
analysis were less likely to be 50 years of age
or older, to be of “other” race or ethnicity,
to be a former or current smoker, to have
probable PTSD, or to have BDR than those
excluded. There was no significant sex
difference between subjects who were and
were not included in the analysis (see Table
E1 in the online supplement).

Table 1 shows a comparison of the
main characteristics of the study
participants who did and did not have
probable PTSD at the baseline study visit.
Among all 11,481 study participants, those
who had probable PTSD were significantly
more likely to be female, to be 50 years of
age or older, to be Latino, to be current
smokers and to have higher pack-years of
smoking, to lack or not to have attained
more than a high school diploma, to have
had an intermediate WTC occupational
exposure, and to have BDR than those
without probable PTSD. There was no
significant difference in having ever had
physician-diagnosed asthma, or in having
an overweight or obesity classification
between subjects with and without PTSD.

World Trade Center cohort of rescue and recovery
workers 
n=18,994

Subjects with complete baseline data
n=11,481

Never smokers never diagnosed with asthma at
baseline
n=6,133

Never smokers never diagnosed with asthma at
baseline, with follow-up visit data

n=3,757 

Never smokers never diagnosed with asthma at
baseline, with follow-up visit data, and no baseline

BDR
n=3,562

BDR not tested (n=3,577) or of poor quality (n=309)

Missing variables (n=3,627)

Figure 1. Flow diagram for subjects included in the study. BDR = bronchodilator response.
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Similar findings were obtained for the
comparison of the main characteristics of
subjects with and without probable PTSD
among the 6,133 never smokers who had
not been diagnosed with asthma.

Tables 2 and 3 show the results of the
unadjusted and adjusted logistic regression
analysis of probable PTSD and BDR at the
baseline study visit. Among all study
participants (Table 2), probable PTSD was
significantly associated with 1.44 times
increased odds of having BDR. Similar
results for probable PTSD were obtained in
a multivariable analysis of BDR adjusting
for age, sex, and other covariates (Table 2).
In this multivariable analysis, Latino

ethnicity was significantly associated with
reduced odds of having BDR, whereas
female sex, an age of 60 years or greater,
and obesity were each significantly
associated with increased odds of BDR. In
both the unadjusted and multivariable
analyses of probable PTSD and BDR
among never smokers who had never been
diagnosed with asthma (Table 3), probable
PTSD was significantly associated with
1.56 times increased odds of having
BDR. In this subgroup analysis, no other
covariate was significantly associated with
BDR.

We were then interested in examining
the relationship between probable PTSD at

baseline and incident asthma at the follow-
up visit. To minimize confounding by
cigarette smoking or inclusion of subjects with
pre-existing asthma, this analysis was
restricted to never smokers who had no
asthma diagnosis at the baseline study visit. Of
these 6,133 subjects, 3,757 (61.3%) completed
the follow-up visit. Compared with subjects
who did not complete the follow-up visit,
those who did were significantly more
likely to be aged 50–59 years and to be non-
Latino Asian, but less likely to be 20–29 years
old or to have a low level of WTC
occupational exposure (Table E2). There
were no significant differences in sex,
race/ethnicity other than non-Latino

Table 1. Comparison of the Main Characteristics of Study Participants Who Did and Did Not Have Probable Post-traumatic Stress
Disorder at Their Baseline Visit

Variable

Entire Cohort (n = 11,481) Never Smokers, Never Diagnosed with Asthma (n = 6,133)

PTSD* No PTSD*

P Value

PTSD* No PTSD*

P Valuen or Mean† % or SD† n or Mean† % or SD† n or Mean† % or SD† n or Mean† % or SD†

Sex
Male 1,526 80.0 8,143 85.1 ,0.001 674 76.9 4,486 85.3 ,0.001
Female 382 20.0 1,430 14.9 202 23.1 771 14.7

Age
20–29 yr 107 5.6 464 4.9 0.16 57 6.5 267 5.1 0.08
30–39 yr 555 29.1 3,395 35.5 ,0.001 282 32.2 2,050 39.0 ,0.001
40–49 yr 734 38.5 3,893 40.7 0.07 324 37.0 2,158 41.1 0.02
50–59 yr 409 21.4 1,442 15.1 ,0.001 180 20.6 647 12.3 ,0.001
>60 yr 103 5.4 379 4.0 0.004 33 3.8 135 2.6 0.04

Race/ethnicity
Non-Latino white 900 47.2 5,439 56.8 ,0.001 353 40.3 2,791 53.1 ,0.001
Latino 768 40.3 2,748 28.7 ,0.001 411 46.9 1,613 30.7 ,0.001
Non-Latino African American 199 10.4 1,183 12.4 0.02 90 10.3 729 13.9 0.004
Non-Latino Asian 28 1.5 141 1.5 0.99 16 1.8 87 1.7 0.71
Other 13 0.7 62 0.7 0.87 6 0.7 37 0.7 0.95

Smoking history
Lifetime nonsmoker 1,066 55.9 6,211 64.9 ,0.001 876 100 5,257 100 —
Former smoker 439 23.0 2,135 22.3 0.50 — — — —
Current smoker 403 21.1 1,227 12.8 ,0.001 — — — —

Pack-years of smoking 6.05 11.86 4.99 11.12 ,0.001 — — — — —
World Trade Center

occupational exposure
Low 187 9.8 1,367 14.3 ,0.001 103 11.8 736 14.0 0.07
Intermediate 1330 69.7 6,215 64.9 ,0.001 597 68.2 3,382 64.3 0.03
High 391 20.5 1,991 20.8 0.76 176 20.1 1,139 21.7 0.29

Educational level
No high school diploma 312 16.4 628 6.6 ,0.001 155 17.7 286 5.4 ,0.001
High school diploma 549 28.8 2,092 21.9 ,0.001 228 26.0 1,005 19.1 ,0.001
Some college 657 34.4 3,954 41.3 ,0.001 298 34.0 2,177 41.4 ,0.001
College graduate 390 20.4 2,899 30.3 ,0.001 195 22.3 1,789 34.0 ,0.001

BMI‡

Normal 345 18.1 1,564 16.3 0.06 147 16.8 846 16.1 0.61
Overweight 829 43.5 4,292 44.8 0.27 406 46.4 2,416 46.0 0.83
Obese 734 38.5 3,717 38.8 0.77 323 36.9 1995 38.0 0.54

BDRx

No 1,737 91.0 8,960 93.6 ,0.001 816 93.2 5,020 95.5 0.003
Yes 171 9.0 613 6.4 60 6.9 237 4.5

Ever asthma
No 1,606 84.2 8,166 85.3 0.21 876 100 5,257 100 —
Yes 302 15.8 1,407 14.7 0 0 0 0

Definition of abbreviations: BDR = bronchodilator response; BMI = body mass index; PTSD= post-traumatic stress disorder.
*Probable PTSD, based on PSTD Checklist score of 44 points or greater.
†Values are shown as n and % for categorical variables and as mean and SD for continuous variables.
‡Normal, BMI = 18–24.9 kg/m2; overweight, BMI = 25–29.9 kg/m2; obese, BMI> 30 kg/m2.
xBDR defined as both a percent change of 12% or greater and an absolute increment of 200 ml or greater from baseline FEV1 after bronchodilator
administration.
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Asian, BDR, or PTSD between subjects who
did and did not complete the follow-up visit.

Among the 3,757 subjects who
completed the follow-up visit, the time
interval elapsed since the baseline visit (as
mean [SD]) was not significantly different
between those who did (n = 553) and did
not (n = 3,204) have probable PTSD at
baseline (4.94 [1.73] yr versus 4.94 [1.84] yr,
P for comparison = 0.80). In these 3,757
subjects, the time interval between visits
was slightly, but significantly, different
between subjects who did (n = 374) and did

not (n = 3,383) develop incident asthma
(5.17 [1.80] yr versus 4.92 [1.83] yr,
P = 0.02).

Table 4 shows the results of the logistic
regression analysis of probable PTSD at
baseline and incident asthma in 3,757 never
smokers. In the unadjusted analysis,
probable PTSD at baseline was significantly
associated with 2.64 times increased odds of
incident asthma. After adjustment for age,
sex, and other covariates, probable PTSD
remained significantly associated with 2.41
times increased odds of incident asthma. In

this multivariable analysis, baseline BDR
was significantly associated with 3.13
increased odds of incident asthma. As
expected, a repeat multivariable analysis
after additional adjustment for the time
interval elapsed between study visits yielded
nearly identical results (data not shown).

We found no significant modification
of the estimated effect of baseline PTSD on
incident asthma by baseline BDR or WTC
occupational exposure (P for interaction>
0.21 in both instances). Although there was
no significant modification of the estimated

Table 2. Logistic Regression Analysis of Probable Post-traumatic Stress Disorder and Bronchodilator Response at the Baseline
Study Visit in All Participants

Variable

All Participants (n = 11,481)

BDR* No BDR* Unadjusted Adjusted†

n or Mean‡ % or SD‡ n or Mean‡ % or SD‡ OR (95% CI) P Value OR (95% CI) P Value

Sex
Male 624 6.5% 9,045 93.6% 1.0 1.0
Female 160 8.8% 1,652 91.2% 1.40 (1.17–1.68) ,0.001 1.52 (1.25–1.84) ,0.001

Age
20–29 yr 38 6.7% 533 93.4% 1.0 1.0
30–39 yr 246 6.2% 3704 93.8% 0.93 (0.65–1.33) 0.69 0.89 (0.62–1.28) 0.53
40–49 yr 296 6.4% 4,331 93.6% 0.96 (0.68–1.36) 0.81 0.86 (0.61–1.23) 0.42
50–59 yr 144 7.8% 1,707 92.2% 1.18 (0.82–1.71) 0.37 1.02 (0.69–1.49) 0.93
>60 yr 60 12.5% 422 87.6% 1.99 (1.30–3.05) 0.002 1.70 (1.09–2.65) 0.02

Race or ethnicity
Non-Latino White 440 6.9% 5,899 93.1% 1.0 1.0
Latino 211 6.0% 3,305 94.0% 0.86 (0.72–1.01) 0.07 0.82 (0.68–0.98) 0.03
Non-Latino African American 111 8.0% 1,271 92.0% 1.17 (0.94–1.45) 0.15 1.10 (0.88–1.38) 0.41
Non-Latino Asian 13 7.7% 156 92.3% 1.12 (0.63–1.98) 0.71 1.22 (0.69–2.18) 0.5
Other 9 12.0% 66 88.0% 1.83 (0.91–3.69) 0.09 1.82 (0.90–3.70) 0.1

Smoking status
Lifetime nonsmoker 476 6.5% 6,801 93.5% 1.0 1.0
Former smoker 206 8.0% 2,368 92.0% 1.24 (1.05–1.47) 0.01 1.09 (0.89–1.33) 0.39
Current smoker 102 6.3% 1,528 93.7% 0.95 (0.77–1.19) 0.67 0.88 (0.68–1.14) 0.34

Pack-years of smoking 6.07 12.61 5.10 11.15 — — — —
Per each pack-year — — — — 1.01 (1.00–1.01) 0.02 1.00 (1.0–1.01) 0.31

World Trade Center
occupational exposure

Low 110 7.1% 1,444 92.9% 1.0 1.0
Intermediate 521 6.9% 7,024 93.1% 0.97 (0.79–1.21) 0.81 0.98 (0.79–1.22) 0.86
High 153 6.4% 2,229 93.6% 0.90 (0.70–1.16) 0.42 0.91 (0.70–1.17) 0.45

Educational level
No high school diploma 66 7.0% 874 93.0% 1.0 1.0
High school diploma 178 6.7% 2,463 93.3% 0.96 (0.71–1.28) 0.77 0.99 (0.73–1.33) 0.93
Some college 321 7.0% 4,290 93.0% 0.99 (0.75–1.30) 0.95 1.04 (0.78–1.39) 0.77
College graduate 219 6.6% 3,070 93.3% 0.95 (0.71–1.26) 0.7 0.97 (0.72–1.31) 0.85

BMIx

Normal 118 6.2% 1791 93.8% 1.0 1.0
Overweight 330 6.4% 4,791 93.6% 1.05 (0.84–1.30) 0.69 1.17 (0.94–1.47) 0.17
Obese 336 7.6% 4,115 92.5% 1.24 (1.0–1.54) 0.05 1.38 (1.10–1.73) 0.005

Probable PTSDjj

No 613 6.4% 8960 93.6% 1.0 1.0
Yes 171 9.0% 1,737 91.0% 1.44 (1.21–1.72) ,0.001 1.43 (1.19–1.72) ,0.001

Definition of abbreviations: BDR = bronchodilator response; BMI = body mass index; CI = confidence interval; OR = odds ratio; PTSD = post-traumatic
stress disorder.
*BDR defined as both a percent change of 12% or greater and an absolute increment of 200 ml or greater from baseline FEV1 after bronchodilator
administration.
†Multivariable model adjusted for all covariates in the corresponding table column.
‡Values are shown as n and % for categorical variables and as mean and SD for continuous variables.
xNormal, BMI = 18–24.9 kg/m2; overweight, BMI = 25–29.9 kg/m2; obese, BMI> 30 kg/m2.
jjProbable PTSD, based on PSTD Checklist score of 44 points or greater.
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effect of baseline PTSD on incident asthma
by baseline BDR, we repeated the
multivariable analysis shown in Table 4
after excluding 195 subjects with BDR at
the baseline study visit to further exclude
possibly undiagnosed asthma at baseline. In
this confirmatory analysis, probable PTSD
remained significantly associated with
incident asthma (odds ratio [OR] = 2.58;
95% confidence interval [CI] = 1.96–3.41;
P, 0.001).

In a secondary analysis, we examined
probable PTSD trajectories and incident
asthma between the baseline and follow-up
visits (Table E3). In a multivariable
analysis, both late-onset (OR = 3.07; 95%

CI = 2.18–4.31; P, 0.001) and chronic
(OR = 4.18; 95% CI = 3.06–5.72; P, 0.001)
probable PTSD were significantly
associated with incident asthma. In this
analysis, recovering probable PTSD was not
significantly associated with incident
asthma (OR = 1.34; 95% CI = 0.81–2.23;
P = 0.26).

Discussion

A cross-sectional analysis previously
showed an association between probable
PTSD and self-reported physician-
diagnosed asthma among New York

community dwellers and WTC rescue and
recovery workers (6). In this cohort of WTC
workers, PTSD has also been associated
with self-reported incident lower
respiratory symptoms during follow up (13).
To our knowledge, however, this is the
first report of an association between
probable PTSD and either BDR or incident
(new-onset) asthma. Our findings suggest
that PTSD leads to both clinically
significant BDR (a marker of clinical and
subclinical asthma) and incident physician-
diagnosed asthma among adults exposed to
a severe traumatic event, such as the WTC
terrorist attack or the subsequent rescue
and recovery tasks at the disaster site.

Table 3. Logistic Regression Analysis of Probable Post-traumatic Stress Disorder and Bronchodilator Response at the Baseline
Study Visit in the Subgroup of Never Smokers Never Diagnosed with Asthma

Variable

Never Smokers Never Diagnosed with Asthma (n = 6,133)

BDR* No BDR* Unadjusted Adjusted†

n % n % OR (95% CI) P Value OR (95% CI) P Value

Sex
Male 238 4.6 4,922 95.4 1 1
Female 59 6.1 914 93.9 1.34 (1.0–1.79) 0.05 1.35 (0.99–1.85) 0.06

Age
20–29 yr 15 4.6 309 95.4 1 1
30–39 yr 119 5.1 2,213 94.9 1.11 (0.64–1.92) 0.72 1.09 (0.62–1.90) 0.76
40–49 yr 101 4.1 2,381 95.9 0.87 (0.50–1.52) 0.63 0.82 (0.47–1.44) 0.49
50–59 yr 49 5.9 778 94.1 1.30 (0.72–2.35) 0.39 1.15 (0.63–2.10) 0.66
>60 yr 13 7.7 155 92.3 1.73 (0.80–3.72) 0.16 1.49 (0.68–3.24) 0.32

Race or ethnicity
Non-Latino white 151 4.8 2,993 95.2 1 1
Latino 84 4.2 1,940 95.9 0.86 (0.65–1.13) 0.27 0.76 (0.57–1.02) 0.07
Non-Latino African American 52 6.4 767 93.7 1.34 (0.97–1.86) 0.07 1.29 (0.93–1.80) 0.13
Non-Latino Asian 7 6.8 96 93.2 1.45 (0.66–3.17) 0.36 1.46 (0.66–3.22) 0.35
Other 3 7.0 40 93.0 1.49 (0.46–4.86) 0.51 1.48 (0.45–4.87) 0.52

Smoking status
Lifetime nonsmoker 297 4.8 5,836 95.2 — — — —

World Trade Center
occupational exposure

Low 51 6.1 788 93.9 1 1
Intermediate 188 4.7 3,791 95.3 0.77 (0.56–1.05) 0.1 0.77 (0.56–1.06) 0.11
High 58 4.4 1,257 95.6 0.71 (0.48–1.05) 0.09 0.71 (0.48–1.05) 0.08

Educational level
No high school diploma 25 5.7 416 94.3 1 1
High school diploma 58 4.7 1,175 95.3 0.82 (0.51–1.33) 0.42 0.86 (0.52–1.42) 0.56
Some college 117 4.7 2,358 95.3 0.83 (0.53–1.29) 0.4 0.85 (0.53–1.37) 0.51
College graduate 97 4.9 1,887 95.1 0.86 (0.54–1.34) 0.5 0.86 (0.53–1.39) 0.54

BMI‡

Normal 46 4.6 947 95.4 1 1
Overweight 136 4.8 2,686 95.2 1.04 (0.74–1.47) 0.81 1.15 (0.81–1.64) 0.43
Obese 115 5.0 2,203 95.0 1.08 (0.76–1.53) 0.69 1.19 (0.83–1.71) 0.34

Probable PTSDx

No 237 4.5 5,020 95.5 1 1
Yes 60 6.9 816 93.2 1.56 (1.16–2.09) 0.003 1.56 (1.15–2.11) 0.005

For definition of abbreviations, see Table 2.
*BDR defined as both a percent change of 12% or greater and an absolute increment of 200 ml or greater from baseline FEV1 after bronchodilator
administration.
†Multivariable model adjusted for all covariates in the corresponding table column.
‡Normal, BMI = 18–24.9 kg/m2; overweight, BMI = 25–29.9 kg/m2; obese, BMI> 30 kg/m2.
xProbable PTSD, based on PSTD Checklist score of 44 points or greater.
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Unlike results from previous cross-
sectional studies (5–7), “reverse causation”
(e.g., asthma leading to PTSD symptoms) is
an improbable explanation for our findings
for incident asthma, as this analysis was
first conducted after excluding subjects who
had a pre-existing asthma diagnosis at
baseline, and then repeated after further
exclusion of subjects with clinically
significant BDR at baseline, obtaining very

similar results. Although undiagnosed
asthma is still possible among subjects who
had neither an asthma diagnosis nor BDR
at baseline, this would likely cause a small
degree of misclassification, without a major
effect on our overall results.

Confounding by cigarette smoking is
also an unlikely explanation for our findings
on asthma or BDR, as our findings were
similar after either adjusting for smoking or

excluding former or current smokers from
multivariable analyses. Although we cannot
exclude residual confounding by WTC
occupational exposure, this is improbable as
the sole or major explanation for our results,
because the proportion of subjects who did
and did not have high WTC occupational
exposure was very similar between those
with and those without probable PTSD
at baseline (Table 1). Moreover, all

Table 4. Logistic Regression Analysis of Probable Post-traumatic Stress Disorder at Baseline and Incident Asthma by the Follow-up
Visit among Never Smokers without a Previous Diagnosis of Asthma

Variable

Never Smokers Not Diagnosed with Asthma at the Baseline Visit (n = 3,757)

Asthma No Asthma Unadjusted Adjusted*

n % n % OR (95% CI) P Value OR (95% CI) P Value

Sex
Male 297 9.4 2,853 90.6 1.0 1.0
Female 77 12.7 530 87.3 1.40 (1.07–1.82) 0.01 1.38 (1.03–1.85) 0.03

Age
20–29 yr 21 11.7 158 88.3 1.0 1.0
30–39 yr 136 9.7 1,262 90.3 0.81 (0.50–1.32) 0.4 0.86 (0.52–1.42) 0.55
40–49 yr 146 9.5 1,396 90.5 0.79 (0.48–1.28) 0.33 0.81 (0.49–1.35) 0.42
50–59 yr 56 10.4 481 89.6 0.88 (0.51–1.49) 0.63 0.80 (0.46–1.39) 0.42
>60 yr 15 14.9 86 85.2 1.31 (0.64–2.68) 0.45 1.21 (0.58–2.56) 0.61

Race/ethnicity
Non-Latino white 193 10.0 1,729 90.0 1.0 1.0
Latino 129 10.5 1,096 89.5 1.05 (0.83–1.33) 0.66 0.89 (0.69–1.16) 0.39
Non-Latino African American 35 6.9 474 93.1 0.66 (0.46–0.96) 0.03 0.62 (0.42–0.91) 0.01
Non-Latino Asian 9 12.3 64 87.7 1.26 (0.62–2.57) 0.53 1.32 (0.63–2.74) 0.46
Other 8 28.6 20 71.4 3.59 (1.56–8.25) 0.003 3.58 (1.52–8.46) 0.004

World Trade Center
occupational exposure

Low 40 8.4 438 91.6 1.0 1.0
Intermediate 253 10.3 2,214 89.7 1.25 (0.88–1.77) 0.21 1.21 (0.85–1.73) 0.3
High 81 10.0 731 90.0 1.21 (0.82–1.80) 0.34 1.21 (0.81–1.82) 0.36

Educational level
No high school diploma 38 13.3 247 86.7 1.0 1.0
High school diploma 89 11.7 675 88.4 0.86 (0.57–1.29) 0.46 1.03 (0.67–1.60) 0.88
Some college 131 9.0 1,322 91.0 0.64 (0.44–0.95) 0.03 0.85 (0.56–1.30) 0.46
College graduate 116 9.2 1,139 90.8 0.66 (0.45–0.98) 0.04 0.86 (0.56–1.33) 0.49

BMI†

Normal 58 9.3 568 90.7 1.0 1.0
Overweight 165 9.3 1,614 90.7 1.00 (0.73–1.37) 0.99 1.10 (0.79–1.54) 0.56
Obese 151 11.2 1,201 88.8 1.23 (0.90–1.69) 0.2 1.42 (1.01–2.00) 0.04

Weight gain
<22.5 kg 67 8.7 703 91.3 1.0 1.0
22.5 to 0 kg 78 10.3 679 89.7 1.21 (0.86–1.70) 0.29 1.33 (0.93–1.89) 0.12
0–2.5 kg 67 8.8 694 91.2 1.01 (0.71–1.44) 0.94 1.06 (0.74–1.53) 0.76
2.5–5 kg 79 11.6 602 88.4 1.38 (0.98–1.94) 0.07 1.42 (0.99–2.02) 0.05
.5 kg 83 10.5 705 89.5 1.24 (0.88–1.73) 0.22 1.23 (0.87–1.75) 0.24

BDR‡

No 325 9.1 3,237 90.9 1.0 1.0
Yes 49 25.1 146 74.9 3.34 (2.37–4.71) ,0.001 3.13 (2.20–4.46) ,0.001

Probable PTSDx

No 267 8.3 2,937 91.7 1.0 1.0
Yes 107 19.4 446 80.7 2.64 (2.07–3.37) ,0.001 2.41 (1.85–3.13) ,0.001

For definition of abbreviations, see Table 2.
*Adjusted for all covariates in the corresponding column.
†Normal, BMI = 18–24.9 kg/m2; overweight, BMI = 25–29.9 kg/m2; obese, BMI> 30 kg/m2.
‡BDR defined as both a percent change of 12% or greater and an absolute increment of 200 ml or greater from baseline FEV1 after bronchodilator
administration.
xProbable PTSD, based on PSTD Checklist score of 44 points or greater.
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multivariable analyses were adjusted for
WTC occupational exposure, and we
obtained nearly identical results in a
confirmatory analysis using four instead of
three levels of occupational exposure (see
METHODS [and data not shown]). Selection
bias due to differential loss of follow-up
(related to both PTSD and asthma) is a
possible, but improbable, cause for our
results for incident asthma, as there was no
significant difference in either probable
PTSD or BDR at baseline between never
smokers with and without complete follow-
up data. Although subjects who were
included in the cross-sectional analysis of
BDR at the baseline study visit (n = 11,481)
had lower prevalence of PTSD or BDR than
those excluded (n = 7,513), this difference
would probably ameliorate the observed
association between probable PTSD and
BDR. Increased disease detection among
subjects with probable PTSD (due to more
frequent contact with the healthcare
system, if subjects with PTSD symptoms in
the PCL questionnaire were ultimately
diagnosed with PTSD) may partly explain
our results for asthma. However, the
association between probable PTSD at
baseline and incident asthma persisted after
excluding subjects with baseline BDR (who
may have had subclinical asthma and thus
be more likely to be diagnosed with asthma
as a result of frequent healthcare visits) from
the analysis. Thus, our findings strongly
suggest that PTSD leads to both BDR and
asthma among rescue and recovery workers
exposed to the WTC disaster.

The biologic mechanisms linking PTSD
to asthma are insufficiently characterized (2).
Hyperventilation, often present in
individuals with anxiety, could cause
cooling and osmotic change in the

bronchial epithelium, leading to increased
airway responsiveness. Alternatively,
PTSD may cause dysregulation of the
hypothalamic pituitary axis and the
sympathetic–adrenal–medullary system,
ultimately leading to abnormal immune
responses and increased airway
inflammation (14). Chronic stress can alter
systemic levels of glucocorticoids and
catecholamines (15), which may change
effector functions of macrophages and
lymphocytes, with downstream
implications for immune responses (16),
reactivity to asthma triggers, airway
inflammation, and airflow obstruction
(17, 18). Recent findings further suggest
that anxiety-related disorders, such as
PTSD, may affect asthma by altering
expression of disease-susceptibility genes
through gene-by-stress interactions or
epigenetic mechanisms (14, 19).

We recognize several limitations of our
findings. First, we lacked information on
potential confounders or modifiers of the
estimated effect of PTSD on incident
asthma, including other mental illnesses,
family history of asthma, atopy,
environmental exposures other than
tobacco use or WTC dust, and history of
childhood abuse (20). Moreover, we had
limited statistical power to examine
modification of the estimated effect of
probable PTSD at baseline on incident
asthma by baseline BDR. Second, we lacked
BDR data for the follow-up visit, which
would have further supported a diagnosis of
incident asthma. However, BDR at the
baseline study visit was associated with
incident asthma among never smokers,
which strengthens our confidence in the
accuracy of the diagnosis. Third, we did not
have information about a clinical diagnosis

of PTSD, and thus had to use information
about probable PTSD based on self-
reported symptoms in a standardized
questionnaire (the PCL). However, the PCL
score used to identify WTC workers with
probable PTSD has been validated against
clinical PTSD, and the PCL scale has robust
psychometric properties and excellent
diagnostic accuracy (including high
sensitivity, high specificity, and high
positive predictive value) (2). Moreover,
findings from our secondary analysis of
trajectories of probable PTSD further
suggest a causal relationship, given that the
magnitude of the association between late-
onset or chronic probable PTSD and
incident asthma was greater than that
between recovering probable PTSD and
incident asthma.

In summary, probable PTSD is
associated with both clinically significant
BDR and incident asthma among WTC
rescue and recovery workers and volunteers.
This finding strongly supports an expanding
body of literature linking stress-related
disorders, such as PTSD, to the pathogenesis
of asthma (14, 21), and suggests that
physicians treating adults with PTSD
should be aware of their potentially
increased risk of asthma. Whether
treatment of PTSD prevents or helps treat
asthma is unknown, but merits
examination in future studies. n
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