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Risk of Stroke Among Survivors of the September 11, 2001,
World Trade Center Disaster
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Objective: The aim of this study was to investigate the association between
9/11-related posttraumatic stress disorder (PTSD), dust cloud exposure, and
subsequent development of stroke among 42,527 enrollees in the World
Trade Center (WTC) Health Registry. Methods: Using four waves of
longitudinal data from the WTC Health Registry surveys, we employed
Cox proportional hazards regression models to assess the associations.
Results: Incidence of stroke was higher among those with PTSD or intense
dust cloud exposure than those without, and it was even higher for those who
had experienced both. In fully adjusted models, participants with PTSD had
an increased risk of developing stroke [adjusted hazards ratio (AHR) 1.69,
95% confidence interval (95% CI) 1.42 to 2.02], as did those with intense
dust exposure (AHR 1.29, 95% CI 1.09 to 1.53). Conclusion: We found that
individuals with 9/11-related PTSD and/or intense dust exposure may have
an increased risk of developing stroke.
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he World Trade Center (WTC) terrorist attacks on September

11, 2001 (9/11) exposed many survivors to a wide range of
horrific events and resulted in severe psychological distress that
lasted for years for some." In addition, dust and debris resulting from
the collapse of the WTC towers generated high concentrations of
particulate matter that remained elevated for weeks in the WTC
surrounding areas.”™* Both psychological stress and exposure to
dust and debris caused by the airplane crash and building collapse
have been shown to be associated with an increased risk of
developing physical conditions such as respiratory symptoms,
asthma, heart diseases, gastroesophageal reflux symptoms, and
cancer.”~® However, whether 9/11-related posttraumatic stress dis-
order (PTSD) and intense dust cloud exposure are related to risk of
developing stroke among WTC disaster survivors has not yet
been examined.

Stroke is the fifth leading cause of death in the United States;
it is also the leading cause of long-term disability and the leading
preventable cause of disability.” Assessing the stroke burden among
9/11 survivors is an important effort given the size of the population
affected by 9/11. Traumatic stress has been shown to lead to an
elevated risk of cardiovascular and cerebrovascular diseases.'®”'?
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Individuals with PTSD have an increased risk for hypertension,
diabetes, and dyslipidemia, all of which are risk factors for
stroke.'>!® However, the epidemiological evidence on the direct
association of stress or PTSD and the subsequent development of
stroke are limited and inconsistent. The existing studies in this area
are mainly cross-sectional and have largely focused on specific
populations, such as war veterans. In addition, these studies lacked
validated measures in both the exposure and outcome.'*'> One of
the few studies that examined the temporal association between
PTSD and the risk of developing stroke using longitudinal data
found that individuals with PTSD had an increased risk of develop-
ing stroke.'> Among 9/11 survivors, diabetes and smoking, both risk
factors of stroke, were each found to be associated with PTSD.!6!7
Several 9/11 studies also suggested an association between PTSD
and increased risk of heart disease®'®'?; one study using New York
State hospitalization data found that PTSD increased cerebrovas-
cular disease hospitalization among male survivors of the 9/11
disaster.”° Nevertheless, no studies have examined the risk of stroke
as a function of persistence of PTSD reported many years after 9/11.

In addition to the relationship between PTSD and circulatory
diseases, evidence was also found that intense exposure to 9/11 dust
cloud was a risk factor for heart disease.® ' However, only one
study suggested that newly diagnosed stroke tended to be more
prevalent among survivors exposed to the dust and debris cloud.*'
Among general populations, it has been shown that cardiovascular
morbidity and mortality are associated with particulate matter (PM)
air pollution, that is, exposure to PM less than 2.5 um in diameter
(PM, 5) over a few hours to a much longer period both may trigger
cardiovascular disease related events or increase the risk for car-
diovascular mortality.>> Other studies specifically reported small
but significant associations between stroke and short-term PM or
gaseous exposure.>> One of these studies indicated that the associ-
ation with fine PM exposure was statistically si§nificant only for
ischemic stroke, but not for hemorrhagic stroke.>* The crash of two
aircrafts on 9/11 and the subsequent collapse of large buildings
resulted in an unmeasurable amount of toxic and irritant debris,
gases, and particles in Lower Manhattan, so some association
between dust cloud exposure and subsequent development of stroke
among 9/11 survivors is expected but has not yet been examined.

In this study, we focus on the risk of stroke among 9/11
survivors who experienced probable PTSD and had 9/11 dust cloud
exposure. We hypothesized that among 9/11 survivors, there was an
elevated stroke risk for those who had PTSD or who had intense dust
cloud exposure, and the risk could be higher for those who experi-
enced both. This analysis used WTC Health Registry survey data
collected during 2003 to 2016.

METHODS

Study Population

The WTC Health Registry was established in 2002 to monitor
the long-term health impacts of the September 11, 2001 terrorist
attack on the WTC in New York City. In 2003 to 2004, the Registry
conducted a health survey (Wave 1) with 71,431 enrollees. Three
follow-up surveys (Waves 2 to 4) were then conducted among
eligible Wave 1 enrollees in 2006 to 2007, 2011 to 2012, and
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2015 to 2016. A more detailed description of the WTC Health
Registry cohort and recruitment methods have been provided
elsewhere.”>® The US Centers for Disease Control and Prevention
and the New York City Department of Health and Mental Hygiene
institutional review boards approved the Registry protocol, includ-
ing use of the data.

Inclusion and Exclusion Criteria

This study was limited to Registry enrollees who completed
at least Waves 1 and 2 because the dust cloud exposure information
in this study was collected in those waves. Enrollees who were
younger than 18 years on 9/11 were excluded because of the rarity of
stroke at young age, and also because stroke risk, symptoms, and
treatment are different between children and adults. Enrollees who
reported stroke before study enrollment were also excluded. The
final analytical sample for this study included 42,527 enrollees.

Study Outcome

The outcome of interest, stroke, was defined as an affirmative
answer to the self-report question ‘““Have you ever been told by a
doctor or other health professional that you had stroke?”” at Waves 2,
3, or 4. Those who said yes were also asked to provide year of first
diagnosis of stroke. If an enrollee reported stroke at a single wave,
the associated year of diagnosis was accepted as year of stroke. If an
enrollee reported stroke at more than one wave, the year of diagnosis
reported from the earliest wave was accepted as the year of stroke.

PTSD and Dust Cloud Exposure

Probable PTSD and 9/11 dust cloud exposure were the two
key measures considered in this study. PTSD related to 9/11 was
assessed using the PTSD Checklist-Specific (PCL-S), a 17-item
self-reported symptom scale, which referred specifically to the
events of September 11. The 17 items correspond to the Diagnostic
and Statistical Manual of Mental Disorders PTSD symptoms (DSM-
IV 1994). In this scale, enrollees rated the degree to which they were
bothered by symptoms in the past 30 days from 1 (no symptoms) to
5 (severe). Responses to the 17 items were summed, giving a
possible total score of 17 to 85. Probable PTSD (referred to as
PTSD hereafter) was defined as a PCL score of at least 44 and was
assessed at all four waves of Registry surveys.?’

Dust cloud exposure on 9/11 was based on questions from the
Waves 1 and 2 surveys and was classified as intense exposure versus
minimal or no exposure. Intense exposure was defined as having
been in the dust cloud on 9/11 and reporting at least one of five
experiences: being unable to see more than a few feet; having
difficulty walking or finding one’s way; trouble finding shelter;
being covered with dust; or not being able to hear. The ‘“minimal or
none” category consisted of those who had reported being in the
dust/debris cloud but did not experience intense exposure or
reported no dust cloud exposure at all.

Covariates

Sociodemographic characteristics of the study sample, such
as age (on 9/11/2001), sex, race/ethnicity, education, marital status,
and Registry eligibility group were included in the analytical
models. Marital status was defined as partnered (married, living
together) or nonpartnered (never married, widowed, divorced, or
separated). Enrollees were categorized into mutually exclusive,
hierarchical eligibility groups based on likelihood of exposure, with
rescue/recovery workers followed by lower Manhattan residents,
lower Manhattan area workers, and others including passersby and
school students/staff on 9/11. Risk factors for stroke included in the
present study were smoking status, history of hypertension, and
history of diabetes. Smoking status was classified as ‘‘never,”
“former,” or “current’” smoker. History of hypertension and diabe-
tes were defined as a positive answer to the self-report question

“Have you ever been told by a doctor or other health professional
that you had hypertension/diabetes?”” at Waves 2, 3, or 4.

Statistical Analysis

As enrollees who completed Waves 1 and 2 did not neces-
sarily complete Waves 3 or 4, we defined four ‘“wave completion”
subgroups based on which surveys enrollees completed: a) Waves
1to4,b) Waves 1 to 3, ¢c) Waves 1 and 2, d) Waves 1, 2, and 4. This
categorization of the study sample was necessary to correctly
characterize the study outcome, risk factors, and covariates. Cox
proportional hazards regression methods were employed to investi-
gate the association between time from enrollment in the Registry to
occurrence of stroke (or censoring) and two 9/11-related risk
factors: PTSD and intense dust cloud exposure, while controlling
for smoking status, hypertension, diabetes, and potential confound-
ers, including age at 9/11, sex, race/ethnicity, education, marital
status, and eligibility group. In the present analysis, for enrollees in
each wave completion subgroup, we selected the value of PTSD,
marital status, and smoking status from the wave closest to, but
preceding, the stroke occurrence because of our focus on the
temporal relationship between these variables and the subsequent
development of stroke. For enrollees who did not report stroke, the
value of PTSD, marital status, and smoking status reported at the
latest wave completed were used. As the time of stroke was reported
as year only, the exact date of stroke was assigned to be June 30th of
the reported year of stroke (For a few cases where the year of stroke
was equal to the year of entry into the Registry, the date of stroke
was assigned to be December 31st of that year so that those who
entered the Registry in the second half of the year were included.)
For enrollees who experienced stroke, the survival time from
Registry enrollment (ie, the interview date for Wave 1) to the date
of first diagnosed stroke was treated as uncensored. For enrollees
who did not experience stroke, the survival time from Registry
enrollment to the survey completion date of the latest wave partici-
pated was treated as censored.

The proportional hazards assumption was tested for PTSD
and dust cloud exposure in separate Cox regressions from the main
analyses, by creating interaction terms between each of these
variables and log (time to event for stroke/censoring), and testing
the statistical significance of these interactions. Statistical tests were
considered significant if the associated P value was less than 0.05.
All analyses were performed using SAS version 9.4 (SAS Institute,
Cary, North Carolina).

RESULTS

Table 1 describes the sociodemographic characteristics,
physical and mental health, 9/11 dust cloud exposure of the
42,527 study participants who completed at least Waves 1 and 2
surveys (23.3% of these enrollees participated in three out of the
four waves, and 60.0% participated in all four waves). The majority
of the participants were aged 25 to 44 years at 9/11, male, white, and
highly educated. Close to half of the participants (47.3%) performed
rescue or recovery work on 9/11 and thereafter, and less than one-
third of the study sample (29.7%) were exposed to 9/11 intense dust
cloud. At the time preceding stroke occurrence or when the last
survey was completed, participants were primarily partnered and
never smokers. A relatively high percentage of participants (41.6%)
reported having hypertension at some point, as compared with fewer
reports of ever having diabetes (12.1%) or 9/11-related PTSD
(16.3%).

The overall incidence of stroke in our sample was 1.94 per
1000 person-years, which, not surprisingly, increased with increas-
ing age (Table 2). Stroke incidence was also estimated by two major
9/11 risk factors of interest: PTSD and intense dust cloud. Table 2
summarizes that participants with PTSD exhibited an increased
incidence of stroke as compared to those without (3.53 vs 1.64 per
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1000 person-years, P < 0.001); participants with intense dust cloud
exposure displayed an increased incidence of stroke as well (2.33 vs
1.77 per 1000 person-years, P < 0.001). For those who reported both
PTSD and intense dust cloud exposure, incidence of stroke was even
higher than those who reported neither (4.30 vs 1.61 per 1000
person-years, P <0.001). Stratified by age group, incidence of
stroke showed the same pattern for the younger (aged 18 to 44
years) and middle-age (aged 45 to 64 years) groups, but less
significantly so for the older age group (aged 65+ years), especially
for intense dust cloud exposure. In age-stratified models that
controlled for sociodemographic characteristics and risk factors
of stroke, the results on stroke hazard were consistent with the
incidence rate comparison, that is, the separate Cox regression
models for age groups 18 to 44 and 45 to 64 years both showed
that PTSD significantly increased the hazard of developing stroke,
while PTSD was not significantly associated with risk of stroke in
the model for age group 65+ (results not shown); similarly, intense
dust cloud exposure only increased stroke hazard among the youn-
gest age group (under 45 years old) in the age-stratified Cox
regression models (results not shown). In summary, incidence of
stroke increased with increasing age regardless of 9/11 exposure;
groups who reported PTSD had significantly higher incidence rate
for those under age 65; groups who reported intense dust cloud
exposure had significantly higher incidence only for those under age
45, but not for the older groups.

The bottom section of Table 2 summarizes how the well-
established risk factors for stroke, that is, smoking status, history of
hypertension or diabetes, may interact with 9/11-related PTSD and
intense dust cloud and impact stroke incidence rate. The overall
stroke incidence rate increased, not surprisingly, for current and
former smokers and those with hypertension or diabetes as com-
pared with nonsmokers and those without hypertension or diabetes
(eg, incidence rate increased from 0.78 for those without hyperten-
sion to 3.41 for those with hypertension). Having 9/11-related PTSD
increased the stroke incidence rates for both the risk groups
(smokers, those with hypertension or diabetes) and the nonrisk
groups. Noticeably, having PTSD alone (without having other risk
factors) could increase stroke incidence rate, and the magnitude of
this increase could be larger than that for the risk groups (eg, for
those without hypertension, having PTSD increased the stroke
incidence rate by 2.4 times from 0.67 to 1.60, while for those with
hypertension the incidence rate increased 1.7 times from 2.99 to
5.06). In comparison, the impact of intense dust cloud exposure was
not as consistent or significant for different risk factor groups, and
the magnitude of the increase on stroke incidence rate by having
intense dust cloud exposure was overall small across all risk factor
groups (less than 1.3 times).

Using Cox regression models, we further examined relation-
ships between 9/11-related PTSD, dust cloud exposure, and risk of
stroke. Excluding dust cloud exposure, Table 3 Model 1 shows that
PTSD was significantly associated with the risk of developing
stroke, while controlling for other risk factors and potential con-
founding variables [adjusted hazards ratio or AHR 1.69, 95%
confidence interval (95% CI) 1.42 to 2.02]. Risk of developing
stroke was also associated with older age, being a current smoker,
and history of diabetes or hypertension. Model 2 considers the
association between dust cloud exposure and risk of stroke, without
PTSD in the model. After controlling for other factors, 9/11 dust
cloud exposure still significantly increased the risk of subsequent
stroke (AHR 1.30, 95% CI 1.10 to 1.53). In the final model, we
included both PTSD and 9/11 dust cloud exposure to evaluate
whether they were independently associated with subsequent occur-
rence of stroke. Results from Model 3 in Table 3 summarize very
modest changes on the AHRs for PTSD and 9/11 dust cloud
exposure, as compared to Models 1 and 2 wherein each factor
was examined independently. Specifically in the full model, the

TABLE 1. Characteristics of the Study Population

Characteristics Total (N =42,527) %
Age groups at 9/11

18-24 2347 5.52

25-44 23,222 54.61

45-64 15,714 36.95

65+ 1244 2.93
Sex

Male 26,048 61.25

Female 16,479 38.75
Race/ethnicity

Non-Hispanic white 29,939 70.40

Non-Hispanic black 4304 10.12

Hispanic 4723 11.11

Asian 2158 5.07

Multiracial/Other 1403 3.30
Education

High school or below 8958 21.20

College graduate 24,385 57.71

Postgraduate 8911 21.09
Marital status

Partnered 29,084 69.09

Nonpartnered 13,012 30.91
Eligibility group

Rescue/recovery workers 19,983 47.32

Residents 5880 13.92

Area workers 14,676 34.75

Passers-by and others 1694 4.01
Smoking status

Never 22,624 55.05

Former 13,787 33.55

Current 4683 11.40
History of hypertension

Yes 17,637 41.59

No 24,767 58.41
History of diabetes

Yes 5136 12.14

No 37,176 87.86
PTSD

Yes 6858 16.29

No 35,229 83.71
9/11 dust cloud exposure

None/minimal 29,880 70.26

Intense 12,646 29.74

World Trade Center Health Registry enrollees aged >18 on September 11, 2001,
and participants of at least Waves 1 and 2 surveys (n =42,527), New York, 2003-2016.
PTSD, posttraumatic stress disorder.

AHR for PTSD slightly decreased from 1.69 to 1.64 (95% CI 1.37 to
1.96); the AHR for dust cloud exposure slightly decreased from 1.30
to 1.20 (95% CI 1.02 to 1.42). The risk of stroke in both associations
remained significant while controlling for other aforementioned
factors. This final model clearly demonstrated that PTSD and 9/11
dust cloud exposure each independently increased the risk of stroke
among 9/11 survivors. There was no evidence that the data violated
the proportional hazards assumption.

DISCUSSION

Physical and psychological exposure to the 9/11 disaster
have been shown to be associated with cardiovascular diseases
in several studies.”*?*° Our study adds to the growing evidence of
9/11-related circulatory diseases with the findings of independently
increased risk of stroke by 9/11 intense dust cloud exposure and
persistent PTSD. In addition, the risk of developing stroke was even
higher among those who reported both PTSD and intense dust
cloud exposure.
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TABLE 2. Incidence of Stroke for Different Age Groups and Risk Factors, by PTSD and Intense Dust Cloud Exposure

Stroke
By PTSD and
All By PTSD By Intense Dust Exposure Intense Dust Exposure
Yes No Yes No Both Neither
(N=753) (N=211) (N=532) P (N=271) (N=482) P (N=116) (N=380) P

Stroke incidence rate (IR)" 1.94 3.53 1.04 <0.001 2.33 1.77 <0.001 4.30 1.61 <0.001
IR by age

18-44 1.06 3.06 0.74 <0.001 1.61 0.82 0.005 4.05 0.64 <0.001

45-64 2.02 3.56 1.71 <0.001 2.50 1.82 0.001 4.36 1.65 <0.001

65+ 2.52 3.88 2.28 0.007 2.54 2.51 0.986 4.33 2.35 0.027
IR by smoking status

Never 1.68 3.25 1.41 <0.001 1.90 1.59 0.15 3.33 1.38 <0.001

Former 2.01 3.48 1.73 <0.001 2.45 1.82 0.03 4.85 1.73 <0.001

Current 3.63 4.82 3.18 0.016 434 3.25 0.09 6.33 3.21 0.008
IR by hypertension

No 0.78 1.60 0.67 <0.001 0.94 0.72 0.123 1.73 0.63 <0.001

Yes 3.41 5.06 2.99 <0.001 3.86 3.20 0.028 6.27 3.02 <0.001
IR by diabetes

No 1.33 2.26 1.18 <0.001 1.61 1.21 0.004 2.90 1.14 <0.001

Yes 5.19 7.55 4.39 <0.001 5.35 5.07 0.707 8.03 4.56 0.001

World Trade Center Health Registry enrollees aged >18 years on September 11, 2001, and participants of at least Waves 1 and 2 surveys (n =42,527), New York, 2003-2016.
IR, incidence rate.
*Stroke IR: stroke incidence rate per 1000 person-years.

This study has unique contributions to the study of the
association of PTSD and circulatory disease in three specific areas.
First, our results show that the PTSD-stroke association was signif-
icant across age groups; however, the association tends to be weaker
for the older age group. Incidence rates of stroke were significantly
higher (two to four times) among those with PTSD than those

without PTSD in age groups 18 to 44 and 45 to 64 (3.06 vs 0.74; 3.56
vs 1.71 in Table 2), but was less different for those who were
65 years and older (3.88 vs 2.88). Results from the age-stratified
Cox regression models confirmed that PTSD significantly increased
hazard of developing stroke for age groups 18 to 44 and 45 to 64, but
not for age group 65+. Our results indicate that factors related to

TABLE 3. Evaluation of PTSD and 9/11-Related Dust Cloud Exposure as Independent Risk Factors for Self-Reported Physician-
Diagnosed Stroke

Model 1: Without Model 2: Without Model 3:

Dust Exposure” PTSD* Full Model*
N With Stroke Person-Time, Years AHR 95% CI AHR 95% CI AHR 95% CI

Age groups at 9/11

18-24 6 20,011 0.35 (0.14-0.85) 0.34 (0.14-0.83) 0.35 (0.14-0.84)

25-44 224 209,278 Ref Ref Ref

45-64 436 148,691 2.11 (1.77-2.52) 2.07 (1.73-2.47) 2.12 (1.77-2.52)

65+ 87 9,747 6.65 (5.01-8.83) 6.45 (4.89-8.52) 6.74 (5.07-8.94)
Smoking status

Never 344 204,947 Ref Ref Ref

Former 261 129,944 0.96 (0.81-1.14) 0.96 (0.81-1.14) 0.96 (0.81-1.15)

Current 137 37,743 2.04 (1.65-2.54) 2.15 (1.73-2.66) 2.03 (1.64-2.52)
History of hypertension

Yes 570 167,235 2.48 (2.06-2.98) 2.55 (2.12-3.07) 2.46 (2.05-2.97)

No 172 219,499 Ref Ref Ref
History of diabetes

Yes 253 48,789 222 (1.88-2.63) 2.31 (1.96-2.73) 222 (1.88-2.62)

No 449 337,150 Ref Ref Ref
PTSD

Yes 211 59,831 1.69 (1.42-2.02) 1.64 (1.37-1.96)

No 532 323,899 Ref Ref
9/11 dust cloud exposure

None/minimal 482 271,552 Ref Ref

Intense 271 116,174 1.30 (1.10-1.53) 1.20 (1.02-1.42)

World Trade Center Health Registry enrollees aged >18 on September 11, 2001, and participants of at least Waves 1 and 2 surveys (n=42,527), New York, 2003-2016.
AHR, adjusted hazards ratio; CI, confidence interval; PTSD, posttraumatic stress disorder.
“In addition to variables shown in this table, all models adjusted for other factors, including sex, race/ethnicity, education, marital status, and enrollees’ eligibility group.
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older age may have a larger impact on the risk of developing stroke
than 9/11-related PTSD among the older age group (65+), while the
significant association observed for the young and middle age
groups is also consistent with the fact that the majority of our study
sample were under the age of 65 at 9/11. Earlier studies of 9/11-
related PTSD and heart disease did not find the association was
different by age group; therefore, our study’s findings suggest that
examining general heart diseases and stroke separately may help
better define the relative effect of PTSD and age (or age-related risk
factors) on different types of circulatory disease in future analyses.

Second, this analysis demonstrates that 9/11-related PTSD
not only increased the risk of developing stroke for those with other
risk factors (eg, current or former smokers, people with hyperten-
sion or diabetes) but also for those without. Furthermore, the
magnitude of the increased risk is even larger among individuals
without other risk factors. Although it may not be surprising to
observe the added risk of stroke by PTSD among certain groups, our
study not only confirms the direct association of PTSD and the
subsequent development of stroke but also discovers that 9/11-
related PTSD alone, in the absence of other risk factors, can be
an important risk for developing stroke among disaster-exposed
populations.

The third area in which this paper contributes to the study of
PTSD-circulatory diseases association is that longitudinal data were
used in our analyses. Studies on the role of PTSD in stroke
development were limited and reported inconsistent results due
to small sample size, lack of longitudinal data, or inaccuracy on key
measures.'*'> The WTC Health Registry surveys provided us an
opportunity to assess not only the association but also the temporal
relationship between PTSD and stroke, as the study sample con-
tained more than 42,000 enrollees with longitudinal data covering
up to 14 years since 9/11. As the course of PTSD evolves over
time,31 the association between PTSD at enrollment and subsequent
stroke could be different from the association between PTSD at later
time points (eg, closest wave to but preceding stroke or same wave
as stroke) and stroke, due to possible changes in symptomology and
other contextual circumstances. As our interest centered on the
association between PTSD many years after 9/11 and stroke, we
chose to focus on the association between PTSD from the wave
closest to, but preceding the first stroke occurrence. Indeed, we
found that the hazard ratio was larger when we used the PTSD value
that was close to but before stroke rather than PTSD at enrollment
(results not shown). Finally, unlike most previous studies focusing
on specific populations,'*"> our findings on this relationship add to
the more limited body of work among civilian populations, as the
WTC Health Registry cohort is a heterogeneous group of survivors.

The other association of interest in this analysis was between
intense dust cloud exposure and the risk of developing stroke.
Previous research found that stroke was associated with being
exposed to fine PM exposure.”>** Although one study suggested
a potential relationship between dust cloud exposure and stroke
among 9/11 survivors,?! it is unclear whether this association is
strong and significant because that study only used data from
Registry Wave 1 survey and the analytical model did not control
for some key covariates due to a limited number of stroke cases.
Thus far, this study is the first attempt to directly assess this
association by using analytical models appropriate for longitudinal
data. Our results show that people with 9/11-related intense dust
cloud exposure had a higher hazard of developing stroke than those
with minimal or without dust exposure, but the association was only
significant among the younger age group (under 45 years old) in the
age-stratified models that control for sociodemographic character-
istics and risk factors of stroke (results for age-stratified regression
models not shown). Lack of statistical significance among the
middle and older age groups might result from the fact that 9/
11-related dust cloud cannot simply be categorized as PM pollution,

which is more clearly shown to contribute to cardiovascular disease.
The health impact of 9/11 dust cloud is more complicated and less
conclusive because it is a mixture of large and fine particles, gases,
and smoke plumes released by uncontrolled combustion.>* Another
reason for this lack of association among those 45 years and older
may be that our data did not allow us to distinguish between
ischemic and hemorrhagic stroke, as some research has indicated
that ischemic strokes are more likely to be associated with fine PM
exposure.**

The results of this study should be interpreted with caution
for two reasons. First, stroke was self-reported. As stroke is likely to
be linked to sensory and memory problems, potential bias may be
introduced by using self-reported data.*> One previous study that
examined the validity of self-reported stroke used data from a
population health survey and from clinical re-examination in
Norway concluded that questionnaires can be used to assess a
history of stroke in epidemiological research.’® Findings from
the Health and Retirement Study suggested that misreporting of
self-reported stroke was nonsystematic and provided valuable data
for stroke surveillance.® Although these previous studies offered
some level of confidence in the validity of self-reported stroke, we
believe that more objectively defined end-points, such as medically
confirmed cases of stroke from hospital records, are required to
substantiate our findings in this particular population. This approach
was conducted in a previous study that found PTSD was associated
with increased cerebrovascular disease hospitalization among male
survivors.”® Our next step is to expand the scope of the study by
including hospitalization data from more recent years, and to
differentiate stroke by ischemic stroke and hemorrhagic stroke
in analyses.

The second reason for interpreting results with caution is loss
to follow-up (including those who dropped out of the study
completely, those who dropped out for some but not all surveys,
and those who died from stroke) between the Wave 1 and Wave 4
surveys. Given that stroke is one of the leading causes of disability
in the United States, it is reasonable to assume that we may have
underestimated the number of stroke cases because some of the
nonparticipants might not have participated in the follow-up surveys
due to stroke-related disabilities or deaths. Future studies on mor-
tality of stroke can examine and may provide more evidence on the
association. However, we do not expect our findings on the asso-
ciations between PTSD, dust cloud exposure, and stroke would
significantly change due to loss to follow-up based on the conclu-
sion of a previous nonresponse bias study among the same cohort.>*

CONCLUSION

This study prospectively investigated the role of 9/11-related
PTSD and intense dust exposure in increasing the risk of stroke
among a large group of 9/11 survivors. We found that PTSD and
intense dust cloud exposure were each independently associated
with an elevated risk of stroke; the burden of stroke was the highest
among those who reported both PTSD and intense dust cloud
exposure; and disaster-related PTSD alone can increase stroke risk
even in the absence of other well-established risk factors. Our
finding suggests inclusion of periodic assessment of PTSD and
intensity of dust cloud exposure measurements in screening for
stroke risk factors among 9/11 survivors, in addition to the classic
risk factors of stroke.
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