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Abstract

Problem/Condition: Survivors of collapsed or damaged buildings from the attack on the World Trade Center (WTC)
were among those most exposed to injury hazards, air pollution, and traumatic events.

Reporting Period: This report summarizes data from health outcomes collected during interviews conducted from
September 5, 2003, to the close of the World Trade Center Health Registry (WTCHR) enrollment on November 20,
2004.

Description of System: WTCHR will be used to monitor periodically the mental and physical health of 71,437
enrollees for 20 years. The analysis is limited to 8,418 adult survivors of collapsed buildings (n = 5,095) and buildings
with major or moderate damage (n = 3,323), excluding those who were involved in rescue and recovery.

Results: A total of 62.4% of survivors of collapsed or damaged buildings were caught in the dust and debris cloud that
resulted from the collapse of the WTC towers, and 63.8% experienced three or more potentially psychologically
traumatizing events. Injuries were common (43.6%), but few survivors reported injuries that would have required
extensive treatment. More than half (56.6%) of survivors reported experiencing new or worsening respiratory symp-
toms after the attacks, 23.9% had heartburn/reflux, and 21.0% had severe headaches. At the time of the interview,
10.7% of building survivors screened positive for serious psychological distress (SPD) using the K6 instrument. After
multiple adjustments, data indicated that survivors caught in the dust and debris cloud were more likely to report any
injuries (adjusted odds ratio [AOR] = 3.9; p<0.05); any respiratory symptom (AOR = 2.7; p<0.05); severe headaches
(AOR = 2.0; p<0.05); skin rash/irritation (AOR = 1.7; p<0.05); hearing problems or loss (AOR = 1.7; p<0.05);
heartburn (AOR = 1.7; p<0.05); diagnosed stroke (AOR = 5.6; p<0.05); self-reported depression, anxiety, or other
emotional problem (AOR = 1.4; p<0.05); and current SPD (AOR = 2.2; p<0.05). Adjustment for SPD did not
diminish the observed associations between dust cloud exposure and physical health outcomes. Building type and time
of evacuation were associated with injuries on September 11, 2001 and reported symptoms; building type (collapsed
versus damaged) also was associated with mental distress.

Interpretation: Two to three years after September 11, survivors of buildings that collapsed or that were damaged as a
result of the WTC attack reported substantial physical and mental health problems. The long-term ramifications of
these effects are unknown. Many survivors were caught directly in the dust and debris of collapsing towers, a dense
cloud of particulate matter that might have produced or exacerbated these health effects.

Public Health Action Recommended: Long-term follow-up of building survivors and all other persons enrolled in
WTCHR should be maintained, with particular attention to those persons exposed to the dust cloud. Some of these
findings might lead to building designs that can minimize injury hazards.

Introduction
The terrorist attack on the World Trade Center (WTC) on

September 11, 2001, resulted in exposure to potentially harm-
ful debris and environmental contaminants and potential psy-
chological effects related to traumatic events. The collapse of
the two WTC towers after they were struck by airplanes re-
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leased pulverized steel, glass, cement, and other debris into
the immediate environment. The fires started by the crashes
of the two airplanes, which each carried approximately
90,000 L of jet fuel, released smoke and fumes, including
polycyclic aromatic hydrocarbons, volatile organic compounds,
lead, dioxin, and furans (1), creating a mixed cloud of dust,
smoke, and debris. The collapse of each tower and neighbor-
ing buildings released into the immediate environment a highly
alkaline mix of mostly large particles (i.e., 98.0% of particles
>10 µm) of concrete, glass, plastic, paper, and other building
materials and the pulverized contents of the WTC buildings
(2). The fires in the 16-acre pile of rubble burned for approxi-
mately 3 months, during which time many persons returned
to work in lower Manhattan (2).

Many occupants of the WTC towers and other nearby build-
ings witnessed one or more of the events of the attack and
were caught in the dense clouds of dust, smoke, and debris
created by the collapse of each of the WTC towers. These
building occupants also were among those most likely to lose
friends, co-workers, and family members in the attack. As a
result, building survivors were at high risk for injury, respira-
tory complications, and psychological distress. Previous stud-
ies have reported both respiratory problems and psychological
effects from the attacks of September 11, in other popula-
tions affected by the attacks (3,4).

Shortly after the disaster, the New York City Department of
Health and Mental Hygiene (DOHMH) proposed the for-
mation of a registry of persons who were exposed to the WTC
disaster. In July 2002, the Agency for Toxic Substances and
Disease Registry (ATSDR) received funding from the Federal
Emergency Management Agency (FEMA) to collaborate with
DOHMH in the creation of the World Trade Center Health
Registry (WTCHR). ATSDR was authorized by the Com-
prehensive Environmental Response Compensation and Li-
ability Act (CERCLA) of 1980 to identify high-priority
substances that are hazardous to health and to establish regis-
tries to monitor persons exposed to these substances. For ex-
ample, under CERCLA, ATSDR formed the National
Exposure Registry, which focused on exposure to four chemi-
cals (benzene, dioxin, trichloroethylene, and trichloroethane)
from household drinking water (5). WTCHR is the largest
environmental health registry created in the United States (6).

Populations recruited for WTCHR included survivors of
collapsed and damaged buildings, pedestrians, and other per-
sons in downtown Manhattan and in the immediate vicinity of
the WTC site on September 11; rescue, recovery, and clean-up
workers; residents; and school children and school staff in down-
town Manhattan. WTCHR is designed to track the physical
and mental health status of a large group of highly exposed
persons for up to 20 years through regular health surveys, in-

depth studies, and matching with cancer registries and vital
records. This report focuses on persons who were survivors of
buildings or structures damaged or destroyed on September 11.

The objectives of this study were to assess the physical and
mental health conditions and symptoms reported by building
survivors, especially those who had been occupants of col-
lapsed buildings (e.g., WTC-1 and WTC-2) using data from
the WTCHR baseline interviews conducted during
September 5, 2003–November 20, 2004, and to examine re-
lations between reported experiences and exposures and health
outcomes. Health outcomes include injuries on September 11,
new and worsening respiratory and nonrespiratory symptoms
and conditions after September 11, and mental health symp-
toms during the 30 days preceding the interviews.

Methods

Development of Registry Eligibility
Criteria

Researchers developed registry eligibility criteria to identify
a subgroup of persons with the most direct exposure to the
events of September 11 and its aftermath. Various factors in-
cluded proximity by time and place to the WTC attack, prob-
ability of exposure to the dust and debris cloud, and exposure
to fires and fumes from burning debris at the WTC site dur-
ing the months after the attack. Using these criteria, research-
ers constructed four broad eligibility groups: 1) persons who
were south of Chambers Street in Manhattan on September 11,
2001 (including persons who were in collapsed or damaged
buildings or structures, persons in other buildings, and per-
sons in transit or outdoors) (estimated denominator: 362,092);
2) workers/volunteers involved in rescue, recovery, clean-up,
and other activities at the WTC site, at the Staten Island Re-
covery WTC Operations Center, or on transport barges from
the WTC site at least one shift anytime during September 11,
2001–June 30, 2002 (estimated denominator: 91,469); 3)
persons whose primary residence was south of Canal Street in
Manhattan on September 11, 2001 (estimated denominator:
57,511); and 4) school children enrolled and staff employed
at schools south of Canal Street on September 11 (estimated
denominator: 15,167) (Figure 1). Potential enrollees were
screened for eligibility on the basis of these criteria in the
WTCHR baseline interview (7,8).

Identification and Recruitment
of Registrants

Researchers recruited registrants for enrollment into
WTCHR primarily through local and regional media and
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outreach to eligible persons and groups. Lists of names and
associated contact information of potentially eligible persons
were voluntarily provided by different entities such as em-
ployers and governmental agencies. In addition, persons could
enroll by calling a toll-free number or could preregister on a
WTCHR Website. Persons who preregistered on the web site
were contacted several days later and interviewed by telephone.

A total of 232 lists were obtained, representing 135,450
potential registrants. Of the 232 lists, 144 included rescue,
recovery, and clean-up workers and volunteers; 76 included
building occupants; nine included students and school staff;
and three included residents south of Canal Street in lower
Manhattan. A list containing 95,442 names of persons who
had received security clearance at WTC buildings 1–7 was an
important source for contacting building survivors (8).

Data Collection and Processing
Data were collected using web-based, computer-assisted tele-

phone interviewing (CATI) or computer-assisted in-person
personal interviewing (CAPI). Of the 71,437 persons who
completed the WTCHR baseline interviews, 43,487 were
persons who were south of Chambers Street on September 11,
30,665 were workers and volunteers involved in rescue, re-
covery, and clean-up, 14,665 were residents south of Canal
Street, and 2,646 were school children enrolled and staff em-
ployed at schools south of Canal Street. The sum of these
numerators is greater than 71,437 because 28% of registrants
were members of more than one eligibility group. Interviews
for 67,527 (95%) were completed by telephone, and inter-
views for 3,910 (5%) were completed in person. The ques-
tionnaire was programmed in four languages: English, Spanish,
Mandarin, and Cantonese. Registrants whose primary lan-
guage was not one of the pretranslated languages (n=315) were
interviewed by using a translation service provided by a vendor.

Proxy interviews were conducted for adults if the potential
registrant was either deceased after September 11 (n = 160) or
was seriously physically or mentally disabled and unable to per-
form his or her own interview (n = 375). For persons aged <18
years at the time of interview, parents or guardians answered
the questions for their children during the interview (n = 2,565).
A total of 3,100 proxy interviews were completed.

Respondents were monitored for indications of distress dur-
ing the interview by scoring their answers to mental health in-
dicators in the interview and by observing their behavior (e.g.,
crying or trembling voice). If a respondent’s answers or behav-
ior indicated emotional distress, the interviewer took actions
(e.g., suggesting taking a break, stopping the interview, provid-
ing a referral, or making a telephone call to the Mental Health
Association of New York’s LifeNet counseling service).

The WTCHR baseline instrument was designed to take
approximately 30 minutes to administer. The interview in-
cluded the following:

• informed consent;
• determination of eligibility;
• demographics (including race/ethnicity, education, and

household income in 2002);
• contact information for follow-up (including information

on up to three persons who would be likely to know the
whereabouts of the respondent in the future);

• general exposure questions (e.g., exposure to the dust and
debris cloud);

• specific exposure assessment sections for each of the four
eligibility groups;

• injuries sustained on September 11;
• physical health symptoms and conditions before and af-

ter September 11 through the time of the interview;
• mental health outcomes during the 30 days preceding the

interview (e.g., self-reported symptoms of depression, se-
rious psychological distress [SPD], and probable posttrau-
matic stress disorder [PTSD]).

A limited number of questions (e.g., demographics, cause
of death, and contact information) were completed by proxy
for eligible persons who died after September 11.

The baseline questionnaire was pilot tested. On the basis of
the results of the pilot testing, the questionnaire was revised
to make it more efficient and to clarify some questions (7).

Case Definition
Analyses in this report are restricted to adult survivors (aged

>18 years at the time of interview and were office workers and
visitors) who were present between the time of the first air-
plane impact and noon on September 11, in any one of the
38 primarily nonresidential buildings or structures (Table 1)
that were damaged or that collapsed as a result of the Septem-
ber 11 attack.* Rescue, recovery, and clean-up workers who
entered the collapsed or damaged buildings after the attack

* After WTCHR was designed, FEMA identified and classified 55 buildings
south of Chambers Street that were destroyed or damaged between the
time of the first plane impact and noon on September 11. WTCHR
used information from the New York City Department of Buildings to
identify 38 buildings or structures (including the north and south
pedestrian bridges) that had structural damage. This report is based on
enrollees from all 22 buildings and structures that sustained the most
severe collateral damage on September 11 (i.e., six fully collapsed, four
partially collapsed, and 12 with major damage) and 16 with moderate
damage. Differences between the New York City Department of Buildings
list and the FEMA Building Performance Study include the distinction
between the North Bridge and WTC Concourse from other WTC
buildings and FEMA’s inclusion of an additional 19 buildings that
sustained moderate damage.
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started were excluded from this analysis because this group
had other types of exposures (e.g., extended periods of work
at the WTC site digging and removing debris) that need to be
considered in a separate analysis.

Exposure Characterization
The following information from the baseline interview was

used to characterize exposures among survivors of collapsed
or damaged buildings: being caught in the dust and debris
cloud that resulted from the collapse of the buildings, includ-
ing length of time in the cloud; type of building (e.g., col-
lapsed versus damaged) and floor† occupied before evacuation;
time of evacuation on the morning of September 11§; and
personally witnessing potentially traumatizing events (e.g.,
seeing an airplane hit either one of the WTC towers, a build-
ing collapse, persons running away, someone who was injured
or killed, or persons falling or jumping from the WTC tow-
ers). Buildings were categorized as collapsed or partially col-
lapsed with major or moderate damage on the basis of a rating
system developed by FEMA (Table 1) (10). For analysis, data
on survivors of collapsed or partially collapsed buildings were
grouped as occupants of “collapsed buildings,” and data on
survivors of buildings with major or moderate damage were
grouped as occupants of “damaged buildings.” This report
describes the relations between various exposures.

Health Measures
During the WTCHR baseline interview, respondents were

asked about specific injuries on September 11, respiratory and
nonrespiratory symptoms before and after September 11, and
diagnosed conditions before and after September 11. The
questions did not limit reporting of injuries or symptoms to
those for which respondents sought treatment at an emer-
gency department (ED) or other health-care facility. Respon-
dents were asked about specific types of injuries sustained on
September 11, including eye injury/eye irritation; sprain or
strain; cut, abrasion, or puncture; fracture or dislocation; burn;
concussion, head injury, or loss of consciousness; and other

types of injuries. Respondents were not asked if their injuries
were treated in EDs.

Information about symptoms after September 11 was elic-
ited by asking, “Since 9/11, have you had any of the following
symptoms….?”¶ Symptoms on the list of new or worsening
respiratory symptoms after September 11 included wheezing;
shortness of breath; persistent cough; throat irritation; and
sinus problems, nose irritation, and postnasal irritation. Symp-
toms on the list of new or worsening nonrespiratory symp-
toms included hearing problem or hearing loss; severe
headaches; heartburn, indigestion, or reflux; and skin rash or
irritation.

Information about specific diagnosed conditions was elic-
ited by asking, “Have you ever been told by a doctor, nurse,
or health professional that you had…” for specified condi-
tions. The wording of the interview questions was similar to
that used in the Behavioral Risk Factor Surveillance System
(11). A separate question was asked to clarify whether the
respondent had the condition before or after September 11.**
Self-reported, newly diagnosed conditions after September 11
included asthma, emphysema, hypertension, coronary heart
disease, angina, heart attack, diabetes, stroke, and cancer or
malignancy of any kind. All injury, symptom, and condition
data were self-reported. Medical record reviews, clinical inter-
views, or medical examinations were not conducted to vali-
date reported physical or mental health outcomes.

Mental health outcomes for which data were collected in-
cluded self-reported new or worsening depression, anxiety, or
other emotional problems. A validated psychometric scale was
used to assess SPD (12,13). The scale used to determine SPD
was the K6 scale, a psychometrically validated epidemiologic

† Floors were categorized as 1) basement, mezzanine, concourse, and lobby
(i.e., persons exited from these levels and, as a result, they were treated in
a separate category); 2) floors 2–9  (hook and ladder typically cannot
reach beyond the 10th floor of a building); 3)  floors 10–42 (using the
same stratification as the National Institute of Standards and Technology
[9]); 4)  floors 43–75; and 5) floors 76 and higher.

§ The time when a person began evacuating was determined using the
events as they occurred to demarcate time on the morning of
September 11 (i.e., when the first airplane hit WTC-1, when the second
airplane hit WTC-2, when WTC-2 collapsed, and when WTC-1
collapsed).

¶ For each symptom-related question, each respondent was asked the
following:
1. “Since 9/11, have you had any of the following symptoms?” A

respondent also could describe additional symptoms not mentioned
in the list.

2. If the respondent said “yes” to any of the symptoms, then he/she was
asked, “Before 9/11 did you have (symptom)?”

3. If the respondent said “yes” to having had the symptom before 9/11,
he/she was asked, “Did your (symptom) get worse after 9/11?”
A new case was defined as an affirmative answer to question 1 and a
negative answer to question 2. A symptom that became worse after
9/11 was defined as affirmative to all three questions.

** For each of the self-reported diagnosed conditions, the following
questions were asked:
1. “The next questions ask about health conditions diagnosed by a doctor

that you ever had, including before 9/11. Have you ever been told by
a doctor or other health professional that you had (condition)?”

2. If the respondent said “yes,” he/she was then asked, “Did a doctor or
other health professional first tell you that you had (condition) before
9/11 or after 9/11?”
A new case of a diagnosed condition was defined as “yes” to the first
question and “after 9/11” to the second question.
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screening measure used in the National Health Interview Sur-
vey since 1997 (13). The K6 is highly correlated with diagnos-
tic measures of major depressive disorder, generalized anxiety
disorder, schizophrenia, and other mental disorders listed in
the Diagnostic and Statistical Manual of Mental Disorders, 4th
Edition (13,14). In this analysis, the proportion of respondents
who scored above a cut-off of 13 (sum of six questions each
coded 0–4 points) on the K6 scale were reported. This level
indicates SPD.††

Data Analysis
SAS® (version 9.1) (15) was used for data management and

for computing frequency distributions, prevalences, adjusted
odds ratios (AORs), and 95% confidence intervals (CIs).
Denominators used for prevalence calculations excluded miss-
ing answers for each physical and mental outcome measure.
Unconditional multiple logistic regression was used to com-
pute AORs to assess the association of health symptoms or
conditions with selected exposures. Exposures included being
present in the dust and debris cloud versus not; occupying a
collapsed building versus a damaged building; and evacuat-
ing before or after the collapse of WTC-2, the first building
to collapse. The floor occupied at the time of the attack was
included only in the analysis of injuries among survivors of
WTC-1 or WTC-2. Inconsistencies between self-reported
locations and exposures that were identified were counted as
invalid. For example, some interview respondents said they
occupied floors that did not exist in specific buildings; other
respondents gave a time of evacuation that was after the time
that the building had collapsed.

In the logistic regression, the mode of recruitment of re-
spondents (i.e., from a list or self-identified) and the existence
of SPD in a respondent was controlled for because persons
who self-identified might be more likely to have health prob-
lems or concerns than those who did not self-identify or en-

roll (16), and a respondent’s level of psychological distress
might differentially influence reporting of exposures and health
problems. AORs were adjusted for sex, age on September 11,
and race/ethnicity (except for a small number of instances when
the sample size was too small for stratification by all adjust-
ment variables). In addition, in the logistic regression model
for respiratory health symptoms, smoking status at the time
of the interview was included.

Results
The number of survivors from one of the 38 buildings and

structures destroyed or damaged on September 11, was 62,092
(8). Of these, 10,393 (17%) were enrolled in the WTCHR
through achieving contact with those eligible from lists and
interviewing others who self-identified. The American Asso-
ciation for Public Opinion Research (AAPOR) response rate
for this group was 45.2% (17).§§ Lists were used to contact
32.4% of the adult building survivors (n = 3,367); the re-
mainder were identified when they called a toll free number
or accessed the WTCHR Web site. Data were analyzed for
8,418 adult survivors of 38 buildings, including six collapsed,
four partially collapsed, and 28 damaged buildings. Rescue,
recovery, or clean-up workers (n = 1,770); children (n = 58)
who were building survivors; and survivors for whom age or
building type was unknown (n = 147) were excluded. Of the
8,418 adult building survivor enrollees, 5,095 (60.5%) had
been occupants of totally or partially collapsed buildings (i.e.,
survivors of collapsed buildings), and 3,323 (39.5%) had been
occupants of damaged (major or moderate damage) or
noncollapsed buildings (i.e., survivors of damaged buildings)
(Figure 2). Of those who were occupants of collapsed build-
ings, 3,960 (72.4%) enrollees had been in WTC-1 or WTC-2.

Demographic Characteristics
Of the 8,418 survivors, 55.8% were from New York City,

26.8% were from New Jersey, 14.3% were from New York
State (excluding New York City), 1.0% were from Connecti-
cut, and 2.0% were from other states or countries (Table 2).
Of the 4,659 survivors who were New York City residents,
34.9% lived in the borough of Manhattan, 28.0% lived in
Brooklyn, 20.9% lived in Queens, 8.8% lived on Staten Is-

†† Items for SPD:
[Repeated for each symptom]: During the past 30 days, that is, since
(reference date) how often did you feel …
1. So sad that nothing could cheer you up?
[Repeated for each symptom]:
• All of the time = 4 points
• Most of the time = 3 points
• Some of the time = 2 points
• A little of the time = 1 point
• None of the time = 0 points
2. Nervous?
3. Restless or fidgety?
4. Hopeless?
5. That everything was an effort?
6. Worthless?

§§The response rate was calculated according to the AAPOR standard.
Response rate is equal to completed interviews divided by the number
of completed interviews plus the number of noninterviews plus cases of
potential but unknown eligibility. The number of cases of potential but
unknown eligibility was estimated by using the proportion of known
eligibles on the basis of the number of persons screened and applying
that proportion to the number of cases for which no contact occurred.
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land, and 7.3% lived in the Bronx. The enrollees were more
likely to be male (54.2%) than female (45.8%). The majority
of (55.8%) were aged 25–44 years on September 11, 2001. A
total of 63.3% were non-Hispanic white, 81.3% had at least
some college education, and 47.5% had a household income
between $35,000 and $100,000 in 2002 (Table 3). Demo-
graphic characteristics of survivors of collapsed and damaged
buildings were generally similar, except that enrolled survivors
of collapsed and damaged buildings had a higher proportion of
men (57%) and persons from New Jersey (32%) than enrolled
survivors of damaged buildings (50% and 19%, respectively).

Exposure Assessment
A total of 62.4% of survivors were caught in the dust and

debris cloud; survivors of collapsed buildings reported little
difference from survivors of damaged buildings in regard to
dust cloud exposure (Table 3). Survivors of damaged build-
ings were in the dust and debris cloud for a longer time
(median: 45 minutes) than survivors of collapsed buildings
(median: 30 minutes). The majority of (80.8%) WTCHR
enrollees who were survivors of collapsed buildings began
evacuating before the second airplane hit, compared with
32.1% of survivors from damaged buildings. Overall, 90.9%
of all registrants from these buildings reported that they be-
gan evacuating their building before the collapse of WTC-2.

Almost all enrollees who evacuated damaged and destroyed
buildings (94.7%) witnessed at least one event that had po-
tential for inducing psychological trauma (Table 3); nearly
two thirds of building survivors (63.8%) personally witnessed
three of the five events (Table 3). The majority of building
survivors reported that they witnessed someone who was in-
jured or killed (59.4%) and persons falling or jumping from
the WTC towers (61.1%).

Among the 5,095 enrollees from collapsed buildings, 11.5%
reported that they were located on the 76th floor or higher;
slightly more than one third (38.4%) reported that they were
below the 10th floor (Table 3). Among the 3,323 survivors
from damaged buildings, half (49.1%) reported that they were
below the 10th floor and 3.9% reported that they were above
the 42nd floor during the morning of September 11. Among
the latter group, the highest floor occupied was the 58th floor
of the Millennium Hotel. The damaged buildings on average
had fewer floors (range of number of floors: 3–58; median
number of floors: 22; mean number of floors: 24) than col-
lapsed buildings (range: 1–110; median: nine; mean: 36).

Injuries Sustained on September 11
Of the building survivors, 43.6% reported sustaining an

injury. The most commonly reported injuries were eye injury/

eye irritation (31.6%); sprain or strain (13.6%); and cut, abra-
sion, or puncture wound (9.7%). Few survivors reported sus-
taining more serious injuries (e.g., burns, broken bones, or
head injuries) (Table 4).

After adjusting for demographics, mode of recruitment, and
level of SPD, the likelihood of sustaining any injury on
September 11, was 3.9 times (p<0.05) greater among survi-
vors caught in the dust and debris cloud than among survi-
vors who were not in the dust cloud and debris cloud (56.2%
versus 22.8%) (Table 4). Survivors who were in the dust and
debris cloud were 5.3 times (p<0.05) more likely to have re-
ported eye injury/eye irritation (43.8% versus 11.6%). Being
in the dust and debris cloud also was associated with all other
types of injury (Table 4).

Compared with dust and debris cloud exposure, the other
exposures assessed in this report (type of building, time of
evacuation, and floor or level of WTC-1 or WTC-2) were less
consistently associated with sustaining an injury on
September 11 (Tables 4 and 5). For example, survivors of col-
lapsed buildings had only a slightly higher likelihood of any
injury (45.5% versus 42.3%; AOR = 1.2; p<0.05) compared
with survivors of damaged buildings. Survivors of collapsed
buildings did have a twofold greater likelihood of less preva-
lent, but more serious, injuries such as fractures (2.7% versus
1.1%; AOR = 2.3; p<0.05) or head injury (2.1% versus 0.7%;
AOR = 2.8; p<0.05) (Table 4). Evacuating after the collapse
of WTC-2 increased the risk for any injury (54.4% versus
42.2%; AOR = 1.5; p<0.05); eye injury or irritation (46.2%
versus 29.7%; AOR = 1.9; p<0.05); and cut, abrasion, or
puncture (12.9% versus 9.4%; AOR = 1.4; p<0.05).

In addition, injuries were examined by the floor that survi-
vors (n = 3,690) occupied in WTC-1 and 2 before evacuation
(Table 5). Mid-level floors 10–42 were used as reference floors
because injuries were concentrated on the lower and upper
levels of WTC-1 and 2. The airplanes struck WTC-1 near
floors 93–100 and WTC-2 near floors 77–84 (18).  Com-
pared with survivors on mid-level floors, survivors on lower
floors (basement, mezzanine, concourse, and lobby) were 1.4
times (p<0.05) more likely to sustain any injury, and survi-
vors on higher floors (76 and above) were 1.9 (p<0.05) times
more likely to sustain any injury (Table 5). Burns were 3.4
(p<0.05) times more likely to occur among survivors who were
on uppermost floors (76 and above), and 3.8 (p<0.05) times
more likely to occur among survivors who were on the lowest
floors than among those on mid-level floors. Concussion, head
injury, or loss of consciousness was more likely to occur among
survivors who were on lower or uppermost floors (e.g., floors
2–9) (AOR = 4.6, p<0.05) (Table 5). Sprain or strain injuries
were also more likely to occur among survivors who were on
uppermost floors.
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Respiratory Symptoms and Conditions
After September 11

The majority of (56.6%) survivors of collapsed or damaged
buildings reported one or more new or worsening respiratory
symptoms after September 11, including symptoms of sinus
problems, nose irritation, and postnasal irritation (38.1%);
shortness of breath (35.1%); wheezing (28.5%); throat irrita-
tion (28.0%); and persistent cough (27.0%) (Table 6). Two
percent of survivors reported newly diagnosed asthma, and
0.2% of survivors reported newly diagnosed emphysema af-
ter September 11.

After adjusting for demographics, mode of recruitment, level
of SPD, and smoking status, building survivors who reported
being in the dust and debris cloud were significantly more
likely (66.6% versus 39.6%; AOR = 2.7; p<0.05) to have had
new or worsening respiratory symptoms compared with those
who were not in the dust and debris cloud (Table 6). Being in
the dust and debris cloud was associated (AORs >2.0; p<0.05)
with all symptoms and conditions except emphysema. Among
new or worsening respiratory symptoms, wheezing had the
highest likelihood of occurring among those who were in a
dust and debris cloud (36.4% versus 15.6%; AOR = 2.6;
p<0.05). Survivors who were in a dust and debris cloud were
also 2.1 (p<0.05) times as likely (2.5% versus 1.1%) to report
newly diagnosed asthma than were those who reported not
being in the dust and debris cloud.

Time of evacuation and building type were associated with
self-reported respiratory symptoms but not with self-reported
newly diagnosed asthma or emphysema (Table 6).  For these
exposures, AORs tended to be smaller than those found for
the dust and debris cloud (Table 6). Survivors who evacuated
after the collapse of WTC-2 were 1.6 times (p<0.05) more
likely to have any respiratory symptoms (70.0% versus 54.7%)
than did those who evacuated before the collapse. In addi-
tion, survivors of collapsed buildings were likely to have sig-
nificantly fewer respiratory symptoms (53.2% versus 62.1%;
AOR = 0.8; p<0.05) than did survivors of damaged build-
ings (Table 6).

Nonrespiratory Symptoms
and Conditions After September 11

Nonrespiratory problems after September 11 were less preva-
lent than respiratory problems. Only two new or worsening
nonrespiratory symptoms had a prevalence that exceeded 20%:
heartburn, indigestion, or reflux (23.9%) and severe head-
aches (21.0%) (Table 7). At the time of interview, hyperten-
sion was the most frequently reported new diagnosis of a
nonrespiratory condition among survivors (4.9%), followed

by cancer or malignancy of any kind (1.4%) and diabetes
(1.1%).

Similar to the findings related to injuries and respiratory
problems, presence in the dust and debris cloud was consis-
tently associated with new or worsening nonrespiratory symp-
toms after September 11 (Table 7). These symptoms included
heartburn, indigestion, or reflux (28.5% versus 16.3%; AOR =
1.7; p<0.05); severe headaches (26.2% versus 12.3%; AOR =
2.0; p<0.05); skin rash or irritation (14.2% versus 7.0%;
AOR = 1.7; p<0.05); and hearing problem or hearing loss
(10.1% versus 4.8%; AOR = 1.7; p<0.05). In addition, newly
diagnosed conditions tended to be more prevalent among sur-
vivors exposed to the dust and debris cloud, but the associa-
tion was significant only for stroke (0.4% versus 0.1%; AOR
= 5.6; p<0.05) (Table 7). Because of the small number of cases,
the latter model included only mode of recruitment and sex
as covariates.

Time of evacuation was associated with new or worsening
heartburn, indigestion, or reflux (28.1% versus 23.3%; AOR =
1.2; p<0.05), and frequent headaches (26.5% versus 20.1%;
AOR = 1.4; p<0.05) (Table 7). Survivors of collapsed build-
ings were slightly more likely to report a new or worsening
hearing problem or hearing loss (8.8% versus 7.0%; AOR =
1.2; p<0.05) and newly diagnosed hypertension (5.2% versus
4.3%; AOR = 1.3; p<0.05) than were survivors of damaged
buildings. Survivors of collapsed buildings were less likely to
report skin rash or irritation than were survivors of damaged
buildings (10.5% versus 12.8%; AOR = 0.8; p<0.05). Build-
ing type was not associated with the other newly diagnosed
conditions (Table 7).

Overall, the associations between the various types of expo-
sures and injuries and physical health were minimally affected
by the inclusion of mode of recruitment and level of psycho-
logical distress in the multiple logistic regression models.

Mental Health Conditions
In a self-reported assessment of mental health, 5,383 build-

ing survivors (64.7%) reported experiencing new onset of
depression, anxiety, or emotional problems after September 11,
and 10.7% of survivors were determined to have probable
SPD at the time of the interview (Table 8). Presence in the
dust and debris cloud had the strongest association with self-
reported new depression, anxiety, or emotional problems
(68.5% versus 58.5%; AOR=1.4; p<0.05) and probable SPD
(13.6% versus 5.8%; AOR = 2.2; p<0.05). In addition, survi-
vors of collapsed buildings were more likely to report new
depression, anxiety, or other emotional problems (66.7%
versus 61.7%; AOR = 1.5; p<0.05) and probable SPD (11.8%
versus 9.0%; AOR = 1.5; p<0.05) than were survivors of dam-
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aged buildings. Time of evacuation was not associated with
either mental health outcome. This analysis did not take into
account witnessing traumatic events.

Discussion
Ongoing surveillance of disaster-related health effects is a

key source of information for emergency preparedness and
response planning. WTCHR enables researchers to develop a
comprehensive picture of the physical and mental health sta-
tus of persons who were exposed to the September 11 WTC
attacks and their aftermath. This initial report describes the
self-reported experiences, physical health, and mental health
of approximately 8,000 adult survivors who were in buildings
that collapsed or that were damaged as a result of the
September 11 disaster.

Approximately two thirds of these survivors were caught in
the dust and debris cloud created by the collapse of the WTC
towers, approximately two thirds experienced three or more
potentially psychologically traumatizing events, and approxi-
mately 40% reported sustaining an injury. A high prevalence
of self-reported new or worsening respiratory problems and
some nonrespiratory problems was identified, including heart-
burn and severe headaches after September 11. In addition,
approximately 10% of survivors had probable SPD 2–3 years
after the event. The experience of being caught in the dust
and debris cloud was substantially associated with most of the
self-reported physical and mental health outcomes. Time of
evacuation and type of building damage (whether collapsed
or damaged) were less consistently associated with these out-
comes. The relation between exposures and physical health
were not confounded by reported level of psychological dis-
tress or mode of recruitment (list versus self-identification),
as indicated by minimal change in the direction or magnitude
of AORs.

The association between presence in the dust and debris
cloud and higher rates of injuries and respiratory symptoms
among building survivors is plausible. For example, survivors
could have had immediate eye irritation or injury from par-
ticles blown into their eyes when they encountered the dust
and debris cloud. They might have sustained musculoskeletal
injuries (e.g., strain and sprain injuries or broken bones) while
stumbling, falling, and navigating their way through the dust
and debris cloud. The respiratory symptoms related to WTC
dust that survivors reported might have been exacerbated by
the highly alkaline mix of mostly large particles (i.e., 98.0%
of particles >10 µm) of concrete, glass, plastic, paper, and other
building materials in the dust and debris cloud (19). This

material can cause mucus membrane irritation in the upper
airways of exposed persons (3).

No studies are known to have reported the extent of inju-
ries among survivors who were in buildings affected by the
September 11 disaster. A rapid assessment of 790 ED cases
treated in five Manhattan hospitals identified primarily inha-
lation-related injuries or eye irritation among persons who
were in buildings or on the street during the attack or after
the collapse of WTC-2 and -1 (20). Similar to the pattern of
injuries reported by WTCHR building survivors, a relatively
small percentage (14%) of persons in the rapid assessment
study had serious injuries, including fractures, burns, concus-
sion, or crush injuries (20).

Other studies have reported a high prevalence of respira-
tory and nonrespiratory symptoms among both office work-
ers and residents in lower Manhattan after September 11
(21,22). However, those studies did not specifically examine
building survivors, nor did they report any association be-
tween symptoms and being in the dust and debris cloud. For
example, one study conducted 4 months after September 11
indicated that high percentages of federal employees in an office
building several blocks from the WTC reported symptoms
such as eye irritation (62%), cough (56%), shortness of breath
(28%), and wheezing (21%) (21). In comparison with fed-
eral employees in Dallas, the prevalence of cough in the New
York City sample was twice as high, the prevalence of short-
ness of breath was six times higher, and the prevalence of wheez-
ing was four times higher. Another survey conducted 8–16
months after September 11, documented a three to four times
higher prevalence of cough (41%), wheezing (28%), and short-
ness of breath (27%) among residents who lived within a 1-
mile radius of the WTC site than among a comparison group
of residents who lived approximately 5 miles from the WTC
site (22). No information was reported about direct exposure
to the dust and debris cloud on September 11.

First responders also have been reported to have a high preva-
lence of documented health problems (23–26). Firefighters
and police officers who arrived before the first building col-
lapsed or soon afterward on September 11 had the most seri-
ous health problems (23–25). For example, 8% of firefighters
who arrived at the scene on September 11 became ill with the
“WTC cough,” defined as a persistent cough so debilitating
that persons who had it required at least 4 weeks of medical
leave, compared with 2% of firefighters who arrived later (23).
In addition, a higher percentage of police who arrived before
the first building collapse had an abnormal spirometry ex-
amination (41%) compared with those who arrived during
the time between the two collapses (29%) or in the following
days (25%) (25). In addition to serious respiratory problems,
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87% of firefighters with “WTC cough” had persistent heart-
burn or gastroesophageal reflux disorder, which also was re-
lated to the time of arrival at the WTC site (23, 26).

A potential relation was identified between dust cloud ex-
posure on September 11 and newly diagnosed stroke. Because
only 0.2% of all survivors reported a new diagnosis of stroke
after September 11, this finding is considered preliminary and
warrants future monitoring. The finding might be a detec-
tion artifact resulting from more frequent visits to doctors by
survivors (27). Biologic plausibility for stroke is suggested by
studies indicating that fine particulate air pollution is a risk
factor for cause-specific cardiovascular disease mortality
through mechanisms that probably include pulmonary and
systemic inflammation (28–31) and by other studies indicat-
ing stress-induced stroke (32,33). In contrast to chronic fine
particulate air pollution exposure, exposure to the dust and
debris cloud on September 11 was an acute exposure to mostly
large particles (3). A study that compared visits to hospital
emergency departments within a 50-mile radius of New York
City within the 60 days before and after September 11 indi-
cated a 49% increase in visits for myocardial infarction (MI)
(34). Higher psychological stress associated with events on
September 11 might have resulted in the increased incidence
of MIs.

Other exposure variables (type of building damage [collapsed
versus damaged], floor occupied, and time of evacuation) also
were associated with injuries on September 11. For example,
survivors of collapsed buildings had a higher risk for fractures
and head injuries compared with survivors of damaged build-
ings. Concussions or head injuries and burns were also more
likely to occur among survivors who were on lower and upper
floors of WTC-1 or WTC-2, where they might have encoun-
tered falling and burning debris. The relation between build-
ing floor and serious injuries (e.g., injuries requiring
hospitalization) suggests the need for further research on evacu-
ation procedures and building design issues to minimize
injury hazards.

Regarding less serious injuries, survivors who began evacu-
ating after the collapse of WTC-2 were more likely to report
eye irritation or eye injuries and cuts or puncture wounds,
suggesting that these specific injuries occurred because of air-
suspended dust and debris in the areas these survivors had to
transverse. Survivors from the lowest floors of WTC-1 or 2
reported more cuts and eye injury or irritation than did survi-
vors on the uppermost floors, possibly because of falling de-
bris after the airplanes struck the towers. Sprain or strain
injuries reported among survivors who were occupants of the
WTC towers’ upper floors might have been caused by an in-
creased chance of pulling muscles or falling short distances

while evacuating. Survivors from upper floors also were ex-
posed longer to injury hazards under difficult circumstances
compared with occupants on lower floors (35). Interpreta-
tion of data on eye injuries is limited because the baseline
interview included eye irritation and eye injury in the same
question.

Type of building damage also was associated with respira-
tory and nonrespiratory health problems. For example, respi-
ratory symptoms were more likely to have been reported
among survivors of damaged buildings than among survivors
of collapsed buildings. This finding is consistent with the fact
that the former were more likely to have begun evacuating
after the WTC towers collapsed and had a greater median
time in the dust and debris cloud (45 minutes) compared with
the latter (30 minutes). Other unmeasured differences between
occupants of the two building types (e.g., location of the sur-
vivor during and after the collapse of the buildings) also might
help explain this finding.

Reported diagnosis of hypertension and self-report of hear-
ing problem or loss were more likely to have been reported by
survivors of collapsed buildings than by survivors of damaged
buildings. Although increases in diagnosed conditions such
as these might be a product of increased detection, a review of
literature on prospective studies of development of hyperten-
sion and psychological factors indicates a small but consistent
gradient of increased prevalence of hypertension among per-
sons who had measurable psychological distress (36). In addi-
tion to experiencing psychological distress, the September 11
building survivors probably were subjected to acute exposures
to intense noises during the attack and the collapse of the
WTC buildings. Exposure to noise is related to increased heart
rate and blood pressure, but the majority of studies have evalu-
ated long-term exposure to noise rather than an acute event
(37). Both findings need to be confirmed with a medical
evaluation study.

Two to 3 years after September 11, the prevalence of prob-
able SPD among building survivors was high (10.7%) and
nearly twice the prevalence of SPD documented in New York
City adults during a similar period (6.4% in 2002 [38] and
5% in 2003 [39]). A survey of New York City residents con-
ducted 6 months after September 11, 2001, reported a high
prevalence of adverse mental health effects among persons
exposed to the September 11 disaster (4). Specifically, 15% of
adults who were directly affected by the WTC attacks (i.e.,
persons who were in the WTC complex or who were injured
during the attacks, lost possessions, had a friend or relative
killed, lost a job as a result of September 11, or were involved
in rescue efforts) had probable PTSD compared with 7.4% of
all New York City adult residents.



10 MMWR April 7, 2006

To better understand the full psychological impact of the
terrorist attacks on September 11, the first biennial WTCHR
follow-up survey will be conducted in early 2006 to assess
previous history of mental health conditions and life events
before and after September 11. It will be important to exam-
ine specific mental health conditions among registrants and
to assess the witnessing of traumatizing events as a risk factor.
A separate report accounting for witnessing of traumatic events
will document probable PTSD among building survivors as
determined on the basis of the WTCHR baseline interview.
Future monitoring of the impact of September 11 will be
important to assess the resiliency of survivors.

Limitations and Strengths
WTCHR baseline data have proven useful for describing

self-reported exposures and health effects among survivors of
collapsed or damaged buildings 2–3 years after September 11.
However, the findings were subject to several limitations.

First, the total number of building survivors is unknown,
and estimating the size of this subpopulation was difficult
because of the need to use multiple and sometimes conflict-
ing sources of information. An estimated 62,092 persons were
in one of the 38 collapsed or damaged buildings on Septem-
ber 11. This estimate was based on a combination of data pro-
vided by individual businesses and estimates published in the
media (8). However, the resulting coverage rate of 16.7%
(10,393 of 62,092) is probably an underestimate because a
primary election on September 11 might have reduced the
number of persons present in collapsed and damaged build-
ings on the morning of September 11 to <62,000.

Second, the majority of the building survivor enrollees were
in the self-identified group, resulting in potential bias. Such
persons might have been more likely to have had symptoms
or concerns about their exposure and their health than were
those persons who were eligible but who did not self-identify
or enroll. This effect has been observed in other environmen-
tal studies in which persons who believed they had experi-
enced a dangerous exposure tended to over-report health
problems (16). To reduce potential bias from self-selection,
WTCHR researchers attempted to obtain lists of all poten-
tially eligible survivors. The best available recruitment list, an
extensive list of 95,442 persons who had been issued a secu-
rity badge to any one of the WTC buildings, was not com-
plete or up to date, a problem that limited recruitment of
building survivors. However, the security badge list did yield
1,716 completed interviews of building survivors; other lists
yielded an additional 1,216 interviews. Physical and mental
health symptoms tended to be higher among WTCHR en-

rollees who self-identified than among those recruited from
lists; however, adjusting for mode of recruitment did not
modify the observed relation between exposures and physical
and mental health symptoms.

Third, the relatively low response rate for survivors of col-
lapsed and damaged buildings (44.3%) is an artifact resulting
from an inflated denominator. The denominator includes an
estimated 6,100 persons on the security badge list who might
have been eligible but for whom contact was not successful.
After removing the 6,100 persons from computation of the
response rate, the rate then becomes approximately 75% for
the remaining 8,418 primarily self-identified completed in-
terviews. The higher response rate is a result of a relatively low
refusal rate (14%) during the interview and a high eligibility
rate (85%), especially among persons who self-identify.

Fourth, the WTCHR baseline interviews were conducted
2–3 years after the events of September 11. Recall by survi-
vors about their experiences that day could have been affected
by many factors, including the severity of their symptoms and
the level of trauma experienced (40). To reduce recall bias, the
WTCHR baseline survey asked respondents several times
during the interview about their location and time proximity
relative to different activities/events on September 11.

Fifth, the baseline interview asked registrants whether they
had new or worsening physical health symptoms since
September 11. Enrollees were not asked about when these
symptoms first occurred, how long they lasted, their severity,
or their persistence. Therefore, the physical health symptoms
reported represent a composite of symptoms of varying dura-
tion, severity, and persistence. Two other outcomes included
in this report—injuries sustained on September 11 and cur-
rent psychological problems—are more precisely defined as
occurring either on September 11 (injuries) or during the last
30 days (SPD). Planned WTCHR biennial follow-up surveys
will determine the extent to which self-reported physical and
mental health symptoms persist among registrants.

Sixth, the baseline interview question used to assess expo-
sure to the dust and debris cloud had a “yes” or “no” answer,
without clarification of how the respondent interpreted being
in a dust and debris cloud. Further analysis of location and
time data from the baseline survey will enable a more refined
characterization of the gradient of exposure by intensity and
duration. The first biennial survey will also include a section
clarifying the nature of the respondents’ exposure to the dust
and debris cloud on September 11.

Finally, exposure registries do not routinely collect concur-
rent data from unexposed persons because no clearly stated
hypothesis or defined outcome suggests what characteristics
the comparison group should have (5). Whereas WTCHR
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did not include a sample of nonexposed persons, the cohort
does have enrollees who experienced a gradation of exposures.
Therefore, even in the absence of a true nonexposure group,
the effects of different exposure types (e.g., presence in the
dust and debris cloud, type of building, and time of evacua-
tion) on physical and mental health in this survivor popula-
tion were evaluated. In addition, being in the dust and debris
cloud was associated with health outcomes, although the likely
gradient of exposures within the group exposed to the dust
and debris cloud was not assessed. The use of comparison
groups will be part of in-depth WTCHR studies focused on
specific subpopulations, exposures, and health conditions, for
which desired attributes of a comparison group are known
and required in the study design.

Despite these limitations, WTCHR has a number of
strengths that make it an important tool for understanding
the long-term health effects of the September 11 disaster
among building survivors and other enrollees. WTCHR has
a large number of enrollees across a diverse set of highly ex-
posed subpopulations, including building survivors
(n = 8,418), residents (n = 14,665), school children and school
staff (n = 2,646), and rescue and recovery workers (n = 30,665).
These subpopulations have experienced exposures that pro-
vide a basis for in-depth studies. Notably, the sizes of WTCHR
subpopulations are much larger than those used in any Sep-
tember 11 study that has been reported. For example, the
National Institute of Standards and Technology (41) report
on survivor behavior during evacuation was based on a sample
of 800 persons. In comparison, WTCHR has approximately
4,000 enrollees who were survivors of the WTC towers and a
large sample of survivors from other collapsed or damaged
buildings.

WTCHR is a useful resource for future studies related to
the WTC disaster. Designed to follow enrollees for at least 20
years, a sufficient length of time for induction of long-latency
cancers, WTCHR will be used to conduct active tracing to
maintain up-to-date contact with all enrollees for ongoing
surveillance and in-depth studies. Notably, the majority of
(91%) registrants agreed at the time of the baseline interview
to be contacted by the NYC DOHMH about future studies
related to the WTC disaster. Approximately 60% of regis-
trants provided their e-mail addresses to the WTCHR.
WTCHR has been used to establish a mechanism for external
researchers to gain DOHMH approval for informing registrants
about opportunities to enroll in other WTC-related studies (42).
In addition, the proportion of enrollees who use e-mail and
who have access to the Internet is expected to increase over
time, creating a more viable cohort for regular surveillance, up-
dating of contact information, and in-depth studies.

Summary and Public Health
Recommendations

This report provides the most comprehensive assessment to
date of survivors of damaged and collapsed buildings, includ-
ing WTC-1 and 2. The findings included a high prevalence
of self-reported injuries on September 11 and a high preva-
lence of new or worsening respiratory and nonrespiratory
symptoms after September 11. The prevalence of psychologi-
cal distress among building survivors during the 30-day pe-
riod before the interview, which was conducted 2–3 years after
the event, was substantial compared with New York City sur-
vey estimates. Presence in the dust or debris cloud was the
strongest factor associated with many outcomes. In many cases,
building type, building floor, and time of evacuation also were
associated with health effects. To better understand the clini-
cal and public health significance of these findings among
building survivors and other subpopulations of interest, re-
searchers will need to couple ongoing surveillance of health
status with in-depth studies that include medical examina-
tions and matching of registrants to cancer registries and vital
records. For example, preliminary findings about cardiovas-
cular outcomes (e.g., stroke and hypertension) need to be vali-
dated in future research.

WTCHR provides a platform for future studies among the
various affected groups, which will yield a better understand-
ing of the etiology of health problems related to the WTC
disaster and a comprehensive picture of the public health im-
pact of the disaster. Planned biennial follow-up surveys of all
WTCHR registrants will help determine the long-term per-
sistence of reported health symptoms and conditions.
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FIGURE 2. Number and percentage of adult survivors* of
collapsed and damaged buildings,  by category of collapsed
and damaged buildings on September 11, 2001

* Persons aged >18 years, excluding rescue/recovery/clean-up workers,
those for whom building status was undetermined, and those with missing
age data.

Major damage,
(n = 1,109 [13%])

Other fully
collapsed,

(n = 419 [5%])

Partially collapsed,
(n = 986 [12%])

Moderately
damaged,

(n = 2,214 [26%]) WTC-1 or WTC-2,
(n = 3,690 [44%])

FIGURE 1.  Map of downtown Manhattan in New York City
showing eligibility boundaries and location of World Trade
Center site
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TABLE 1. Number of completed interviews and percentage identified through lists among adult survivors of the 38 collapsed and
damaged buildings who were enrolled in the World Trade Center Health Registry, by building status and building — New York City,
September 5, 2003–November 20, 2004

No. of interviews % identified
No. of completed by  and enrolled

Building status* Name of building/structure floors† enrollees§ through lists

Total 8,418 35.4
Totally collapsed (n = six) WTC-1, North Tower 110 1,898 38.2

WTC-2, South Tower 110 1,792 50.4
WTC-3 24 152 29.0
WTC-7 47 260 23.1
North Bridge¶ N/A** <10 16.7
St. Nicholas Greek Orthodox Church 4 <10 0.0

Partially collapsed (n = four) WTC-4 9 222 58.6
WTC-5 9 307 47.9
WTC-6 7 95 14.7
WTC Concourse 1 362 23.2

Noncollapsed buildings with 3 World Financial Center/Tower C Annex 51 263 30.4
major damage (n = 12) 2 World Financial Center/Tower B 44 332 25.0

Bankers Trust/Deutsche Bank/ 40 190 31.1
130 Liberty Street

Verizon Building 32 117 21.4
West Street Building/

Coal & Iron Exchange 23 56 32.1
Fiterman Hall 15 62 22.6
Green Exchange Building 12 19 31.6
Engineering Building 11 <10 42.9
120 Cedar Street 5 <10 37.5
New York Fire Department Ladder 10 3 14 42.9
Winter Garden¶ N/A 16 25.0
45 Park Place 5 25 16.0

Noncollapsed buildings with Millennium Hotel 58 26 23.1
moderate damage (n = 16) One Liberty Plaza 54 323 20.1

World Financial Center-1/Tower A 40 377 29.7
Marriott Hotel 38 43 14.0
Century 21 Department Store/ 34 149 34.2

22 Cortland Street 34 149 34.2
Gateway Plaza 35 344 25.9
Trinity and U.S. Realty Buildings 22 107 30.8
Bank of New York 20 242 8.3
Federal Office Building/Post Office 15 374 32.1
110–120 Church Street 16 14 28.6
RR Donnelly and Sons Company 14 125 39.2
110 Greenwich Street 12 23 13.0
110 Liberty Street 5 15 6.7
South Bridge¶ N/A 35 14.3
114 Greenwich Street 11 17 11.8
Bankers Trust/Deutsche Bank at 123 9 0 N/A

Washington (originally National Surety
Building)

* Data obtained from the Federal Emergency Management Agency (FEMA) World Trade Center Building Performance study (http//www.fema.gov/library/
wtcstudy.shtm).

† Data obtained from the FEMA World Trade Center Building Performance study and the New York City building database maintained by Emporis (http://
www.emporis.com/en/wm/ci/?id=101028).

§ Persons aged >18 years, excluding rescue/recovery/clean-up workers, those for whom building status was undetermined, and those for whom age data
were missing.

¶ Indicates a structure.
** Not applicable

http//www.fema.gov/library/wtcstudy.shtm
http//www.fema.gov/library/wtcstudy.shtm
http://www.emporis.com/en/wm/ci/?id=101028
http://www.emporis.com/en/wm/ci/?id=101028
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TABLE 2. Demographic characteristics of adult survivors* of the 38 collapsed and damaged buildings enrolled in the World Trade
Center Health Registry — New York City, September 5, 2003–November 20, 2004

Enrolled survivors Enrolled survivors
All enrolled survivors of collapsed buildings of damaged buildings

(n = 8,418) (n = 5,095) (n = 3,323)

Characteristic† No. (%) No. (%) No. (%)

Residence on September 11, 2001
New Jersey 2,236 (26.8) 1,615 (31.9) 621 (18.9)
New York (excluding New York City) 1,201 (14.3) 770 (15.2) 431 (13.1)
Connecticut 79 (1.0) 56 (1.1) 23 (0.7)
Other states 167 (2.0) 126 (2.5) 41 (1.2)

New York City 4,659 (55.8) 2,490 (49.2) 2,169 (66.0)
Manhattan 1,627 (34.9) 668 (26.8) 959 (44.2)
Brooklyn 1,304 (28.0) 724 (29.1) 580 (26.7)
Queens 975 (20.9) 658 (26.4) 317 (14.6)
Staten Island 412 (8.8) 244 (9.8) 168 (7.8)
Bronx 341 (7.3) 196 (7.9) 145 (6.7)

Sex
Male 4,562 (54.2) 2,902 (57.0) 1,660 (50.0)
Female 3,856 (45.8) 2,193 (43.0) 1,663 (50.0)

Age on September 11, 2001 (yrs)
18–24 504 (6.0) 310 (6.1) 194 (5.8)
25–44  4,693 (55.8) 2,874 (56.4) 1,819 (54.7)
45–64 3,058 (36.3) 1,835 (36.0) 1,223 (36.8)

>65 163 (1.9) 76 (1.5) 87 (2.6)

Race/Ethnicity
White, non-Hispanic 5,332 (63.3) 3,275 (64.3) 2,057 (61.9)
Black, non-Hispanic 1,073 (12.8) 583 (11.4) 490 (14.8)
Asian 652 (7.8) 425 (8.3) 227 (6.8)
Hispanic 1,051 (12.5) 639 (12.5) 412 (12.4)
Multiracial/other 310 (3.7) 173 (3.4) 137 (4.1)

Education level
<High school 1,546 (18.6) 953 (19.0) 593 (18.1)
Some college or  college graduate 4,891 (59.0) 2,971 (59.2) 1,920 (58.7)
Postgraduate 1,848 (22.3) 1,092 (21.8) 756 (23.1)

Household income in 2002
   <$35,000 1,031 (14.0) 626 (14.0) 405 (13.8)
   $35,000–$100,000 3,512 (47.5) 2,065 (46.2) 1,447 (49.4)
   >$100,000 2,849 (38.5) 1,773 (39.7) 1,076 (36.8)

Marital status
Currently married or living with partner 5,373 (64.8) 3,327 (66.1) 2,046 (62.8)
Divorced, separated, or widowed 1,013 (12.2) 565 (11.2) 448 (13.7)
Never married 1,909 (23.0) 1,142 (22.7) 767 (23.5)

Smoking status
Current smoker§ 1,303 (15.6) 815 (16.2) 488 (14.9)
Former smoker¶ 2,110 (25.3) 1,243 (24.7) 867  (26.4)
Never a smoker 4,913 (59.0) 2,983 (59.2) 1,930  (58.8)

* Persons aged >18 years, excluding rescue/recovery/clean-up workers, those for whom building status was undetermined, and those for whom age data
were missing.

†Missing data:  n = 76 for residence on September 11, 2001; n = 95 for education level; n = 123 for marital status; and n = 92 for smoking status.
§Now smoke cigarettes every day or some days.
¶ Smoked at least 100 cigarettes but not a current smoker.
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TABLE 3. Self-reported exposures among adult survivors* of 38 collapsed and damaged buildings enrolled in the World Trade
Center Health Registry — New York City, September 5, 2003–November 20, 2004

Enrolled survivors Enrolled survivors
All enrolled survivors of collapsed buildings of damaged buildings

(n = 8,418) (n = 5,095) (n = 3,323)

Exposure†  No.       (%) No.      (%) No.       (%)

Debris/dust cloud exposure
Caught in the dust and debris cloud 5,226 (62.4) 3,098 (61.2) 2,128 (64.2)

Time of evacuation
Between the first airplane attack 4,863 (61.8) 3,874 (80.8) 989 (32.1)

and second airplane attack
Between second airplane attack and collapse 2,293 (29.1) 752 (15.7) 1,541 (50.1)

of World Trade Center (WTC)-2
After the collapse of WTC-2 717 (9.1) 170 (3.5) 547 (17.8)

Witnessing traumatic events
Airplane hitting WTC-1 or WTC-2 3,413 (40.6) 1,948 (38.3) 1,465 (44.2)
Buildings collapsing 5,418 (64.5) 3,287 (64.6) 2,131 (62.4)
Persons running from smoke clouds 6,270 (74.7) 3,769 (74.2) 2,501 (75.4)
Anyone who was injured or killed 4,937 (59.4) 3,171 (63.1) 1,766 (53.8)
Persons falling or jumping from the WTC towers 5,073 (61.1) 2,930 (58.3) 2,143 (65.3)
Personally witnessed at least one of the events above 7,968 (94.7) 4,825 (94.7) 3,143 (94.6)
Personally witnessed three of five events 5,372 (63.8) 3,233 (63.4) 2,139 (64.4)
Did not witness any events 450 (5.4) 270 (5.3) 180 (5.4)

Location within a building during the WTC attack
Basement, mezzanine, concourse, lobby 1,751 (21.0) 1,327 (26.2) 424 (12.9)
Floors 2–9 1,815 (21.7) 620 (12.2) 1,195 (36.3)
Floors 10–42 2,811 (33.6) 1,383 (27.3) 1,428 (43.3)
Floors 43–75 1,187 (14.2) 1,058 (20.9) 129 (3.9)
Floors 76 and higher 581 (6.9) 581 (11.5) Not applicable
Invalid floor§ 214 (2.6) 95 (1.9) 119 (3.6)

* Persons aged >18 years, excluding rescue/recovery/clean-up workers, those for whom building status was undetermined, and those for whom age data
were missing.

† Missing data:  n = 44 for debris/dust cloud; n = 501 for time of evacuation; n = 20 for witnessing traumatic event; and n = 59 for location during attack.
§ Floor provided by respondent exceeded the possible numbers of floors for the particular building.

TABLE 4. Self-reported injuries sustained on September 11, 2001, among adult  survivors* of 38 collapsed and damaged buildings
enrolled in the World Trade Center Health Registry, by exposure type — New York City, September 5, 2003–November 20, 2004

Time of evacuation†

After Before
Dust and debris cloud†

collapse  collapse Building type
Total adults Yes No of WTC-2 of WTC-2 Collapsed Damaged
(n = 8,418) (n = 5,226) (n = 3,148) (n = 717) (n = 7,156) (n = 5,095) (n = 3,323)

No. with % with % with % with AOR§ % with % with AOR % with % with AOR
Type of injury injury injury injury injury (95% CI) injury injury (95% CI) injury injury (95% CI)

Any injury 3,672 43.6 56.2 22.8 3.9 (3.5–4.3)¶ 54.4 42.2 1.5 (1.3–1.8)¶ 44.5 42.3 1.2 (1.1–1.3)¶

Eye injury or irritation 2,647 31.6 43.8 11.6 5.3 (4.7–6.0)¶ 46.2 29.7 1.9 (1.6–2.2)¶ 29.5 34.8 0.8 (0.8–0.9)¶

Sprain or strain 1,135 13.6 17.1 7.8 2.0 (1.7–2.4)¶ 13.2 13.5 0.9 (0.7–1.1) 16.2 9.6 1.9 (1.7–2.3)¶

Cut, abrasion, or puncture 812 9.7 12.8 4.5 2.8 (2.3–3.4)¶ 12.9 9.4 1.4 (1.1–1.8)¶ 11.8 6.4 2.0 (1.7–2.4)¶

Broken bone, fracture,
or dislocation 174 2.1 2.8 0.8 2.4 (1.5–3.7)¶ 2.2 1.9 1.2 (0.7–2.0) 2.7 1.1 2.3 (1.6–3.4)¶

Burn 170 2.0 2.7 0.9 2.4 (1.6–3.7)¶ 2.6 1.8 1.4 (0.8–2.3) 2.3 1.6 1.5 (1.1–2.1)¶

Concussion, head injury,
or loss of consciousness 130 1.6 2.2 0.5 3.1 (1.8–5.4)¶ 1.7 1.4 1.2 (0.7–2.3) 2.1 0.7 2.8 (1.8–4.5)¶

Other type of injury 948 11.3 14.0 6.6 1.9 (1.6–2.3)¶ 12.5 10.9 1.1 (0.8–1.4) 13.1 8.5 1.7 (1.5–2.0)¶

* Persons aged >18 years, excluding rescue/recovery/clean-up workers, those for whom building status was undetermined, and those for whom age data were missing.
† Missing data: n = 1–50 for injury variables; n = 44 for dust and debris cloud; and n = 545 for time of evacuation.
§ Adjusted odds ratio (confidence interval). Adjusted by mode of recruitment, age, race/ethnicity, sex, and level of serious psychological distress.
¶ Statistically significant at p<0.05.
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TABLE 6. Self-reported respiratory problems after September 11, 2001, among adult survivors* of 38 collapsed and damaged buildings
enrolled in the World Trade Center Health Registry, by exposure type — New York City, September 5, 2003–November 20, 2004

Time of evacuation†

After Before
Dust and debris cloud†

collapse collapse Building type

Total adults Yes No of WTC-2 of WTC-2 Collapsed Damaged
(n = 8,418) (n = 5,226) (n = 3,148) (n = 717) (n = 7,156) (n = 5,095) (n = 3,323)

No. with % with % with % with % with % with % with % with
symptom  symptom symptom symptom symptom symptom symptom symptom

or or or or AOR§ or or AOR§ or or AOR§

Symptom diagnosis  diagnosis  diagnosis diagnosis (95% CI) diagnosis diagnosis (95% CI) diagnosis diagnosis (95% CI)

New or worsening
respiratory symptom

Any symptom 4,763 56.6 66.6 39.6 2.7 (2.4–3.0)¶ 70.0 54.7 1.6 (1.4–1.9)¶ 53.2 62.1 0.8 (0.7–0.8)¶

Sinus problems, nose
irritation, or postnasal
irritation 3,153 38.1 45.7 25.4 2.1 (1.9–2.3)¶ 44.5 36.9 1.3 (1.1–1.5)¶ 35.1 42.7 0.8 (0.7–0.9)¶

Shortness of breath 2,911 35.1 43.7 20.8 2.4 (2.2–2.7)¶ 44.9 33.6 1.6 (1.3–1.8)¶ 32.9 38.3 0.8 (0.8–0.9)¶

Wheezing 2,350 28.5 36.4 15.6 2.6 (2.3–3.0)¶ 37.2 27.2 1.5 (1.3–1.8)¶ 26.9 30.9 0.9 (0.8–1.0)¶

Throat irritation 2,342 28.0 34.6 17.3 2.1 (1.9–2.4)¶ 42.2 26.0 2.0 (1.7–2.4)¶ 25.0 32.8 0.7 (0.6–0.8)¶

Persistent cough 2,260 27.0 33.8 15.9 2.3 (2.0–2.5)¶ 38.0 25.6 1.7 (1.4–2.0)¶ 24.6 30.8 0.8 (0.7–0.9)¶

New diagnosed
respiratory condition

Asthma 166 2.0 2.5 1.1 2.1 (1.4–3.2)** 2.1 1.8 1.0 (0.6–1.8) 1.7 2.4 0.8 (0.5–1.0)
Emphysema 19 0.2 0.2 0.2 1.5 (0.5–4.3)** 0.1 0.2 0.7 (0.1–5.0) 0.3 0.2 1.5 (0.6–4.1)**

* Persons aged >18 years, excluding rescue/recovery/clean-up workers, those for whom building status was undetermined, and those for whom age data were missing.
† Missing data: n = 30–166 for new or worsening respiratory symptom variables; n = 44 for dust and debris cloud; and n = 545 for time of evacuation.
§ Adjusted odds ratio (confidence interval). Models adjusted by mode of recruitment, age, race/ethnicity, sex, level of serious psychological distress, and smoking status,

except for emphysema.
¶ Statistically significant at p<0.05.

**Adjustment limited to mode of recruitment and sex.

TABLE 5. Self-reported injuries sustained on September 11, 2001, among adult survivors* of World Trade Center buildings 1 and
2 enrolled in the World Trade Center Health Registry, by floor occupied before evacuation — New York City, September 5, 2003–
November 20, 2004

Total adults B/M/C/L† Floors 2–9 Floors 10–42 Floors 43–75 Floors 76 and higher
(n = 3,690) (n = 767)§ (n = 87)§ (n = 1,152)§ (n = 1,042)§ (n = 581)§

No. with % with % with AOR¶ % with AOR¶ % with AOR¶ % with AOR¶ % with AOR¶

Type of injury injury injury injury (95% CI) injury (95% CI) injury (95% CI) injury (95% CI) injury (95% CI)

Any injury 1,706 46.2 51.0 1.4 (1.1–1.7)** 44.8 0.9 (0.5–1.4) 38.9 1.0 45.4 1.3 (1.0–1.5)** 54.4 1.9 (1.5–2.4)**
Eye injury or irritation 1,104 30.1 35.8 1.4 (1.1–1.7)** 29.1 1.0 (0.6–1.7) 25.4 1.0 28.9 1.2 (1.0–1.4) 33.3 1.4 (1.1–1.8)**
Sprain or strain 660 18.0 13.9 0.8 (0.6–1.1) 22.1 1.2 (0.7–2.2) 14.1 1.0 20.3 1.5 (1.2–2.0)** 25.3 2.2 (1.7–2.9)**
Cut, abrasion, puncture 463 12.6 15.3 1.5 (1.1–2.0)** 11.6 1.0 (0.5–2.0) 9.5 1.0 10.6 1.1 (0.8–1.5) 18.2 2.1 (1.6–2.9)**
Fracture, or dislocation 104 2.8 3.0 1.0 (0.6–1.8)†† 5.8 2.2 (0.8–5.7)†† 2.5 1.0†† 2.0 0.7 (0.4–1.3)** 4.0 1.6 (0.9–2.8)††

Burn 98 2.7 4.8 3.8 (2.0–7.3)** 2.3 0.7 (0.1–5.8) 1.1 1.0 1.6 1.4 (0.6–2.8) 4.0 3.4 (1.7–6.9)**
Concussion, head injury,

or loss of consciousness 78 2.1 2.2 2.1 (1.0–4.5)†† 4.6 4.6(1.4–14.9)††** 1.0 1.0†† 2.2 2.2 (1.1–4.5)††** 3.3 3.4 (1.6–7.2)††**

Other type of injury 511 13.9 14.2 1.2 (0.9–1.6) 11.5 0.7 (0.3-1.6) 10.9 1.0 12.6 1.1 (0.8–1.5) 20.3 2.1 (1.6–2.9)**
* Persons aged >18 years, excluding rescue/recovery/clean-up workers, those for whom building status was undetermined, and those for whom age data were missing.
† B/M/C/L = basement, mezzanine, concourse, or lobby.
§ Total = 3,629, missing or invalid floor, n = 61.
¶ Adjusted odds ratio (confidence interval). Adjusted by mode of recruitment, age, race/ethnicity, sex, and level of serious psychological distress, except for models for broken

bone, fracture, or dislocation and concussion, head injury, or loss of consciousness.
** Statistically significant at p<0.05.
†† Adjustment limited to mode of recruitment and sex.
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TABLE 7. Self-reported nonrespiratory problems after September 11, 2001, among adult survivors* of 38 collapsed and damaged
buildings enrolled in the World Trade Center Health Registry, by exposure type — New York City, September 5, 2003–November 20, 2004

Time of evacuation†

After Before
Dust and debris cloud†

collapse  collapse Building type†

Total adults Yes No of WTC-2 of WTC-2 Collapsed Damaged
(n = 8,418) (n = 5,226) (n = 3,148) (n = 717) (n = 7,156) (n = 5,095) (n = 3,323)

No. with % with % with % with % with % with % with % with
symptom symptom symptom symptom symptom symptom symptom symptom

or or or or AOR§ or or AOR§ or or AOR§

Symptom/Condition diagnosis diagnosis diagnosis diagnosis (95% CI) diagnosis diagnosis (95% CI) diagnosis diagnosis (95% CI)

New or worsening
nonrespiratory symptom

Heartburn, indigestion, or reflux 1,987 23.9 28.5 16.3 1.7 (1.5–1.9)** 28.1 23.3 1.2 (1.0–1.5)** 23.7 24.2 1.0 (0.9–1.1)
Severe headaches 1,753 21.0 26.2 12.3 2.0 (1.8–2.3)** 26.5 20.1 1.4 (1.2–1.7)** 20.8 21.3 1.0 (0.9–1.1)
Skin rash or irritation 956 11.4 14.2 7.0 1.7 (1.5–2.1)** 14.2 10.9 1.2 (1.0–1.5) 10.5 12.8 0.8 (0.7–0.9)**
Hearing problem

or hearing loss 673 8.1 10.1 4.8 1.7 (1.4–2.0)** 9.0 7.6 1.1 (0.8–1.5) 8.8 7.0 1.2 (1.0–1.5)**
New diagnosed

nonrespiratory condition
Hypertension 408 4.9 5.1 4.4 1.0 (0.8–1.3) 4.8 4.9 0.9 (0.6–1.3) 5.2 4.3 1.3 (1.0–1.6)**
Cancer or malignancy

of any kind 121 1.4 1.5 1.3 1.2 (0.8–1.7) 1.1 1.5 0.7 (0.3–1.4) 1.5 1.3 1.2 (0.8–1.8)
Diabetes 88 1.1 1.3 0.7 1.4 (0.9–2.4) 0.7 1.0 0.7 (0.3–1.7) 1.1 1.0 1.1 (0.7–1.8)
Coronary heart disease 40 0.5 0.6 0.4 1.6 (0.8–3.3)¶ 0.3 0.5 0.5 (0.1–2.2)¶ 0.4 0.5 0.8 (0.4–1.6)¶

Angina 31 0.4 0.4 0.3 1.0 (0.4–2.2) 0.3 0.4 0.7 (0.2–3.1)¶ 0.3 0.4 0.8 (0.4–1.6)
Heart attack 30 0.4 0.4 0.3 1.7 (0.8–3.9)¶ 0.0 0.4 Not applicable 0.4 0.2 2.1 (0.9–4.9)¶

Stroke 20 0.2 0.4 0.1 5.6 (1.3–24.4)¶** 0.1 0.2 0.6 (0.1–4.3)¶ 0.3 0.2 1.5 (0.6–4.0)¶

* Persons aged >18 years, excluding rescue/recovery/clean-up workers, those for whom building status was undetermined, and those for whom age data were missing.
† Missing data: n = 22–133 for new or worsening nonrespiratory symptom or diagnosis variables; n = 44 for dust and debris cloud; and n = 545 for time of evacuation.
§ Adjusted odds ratio (confidence interval). Models adjusted by mode of recruitment, age, race/ethnicity, sex, level of serious psychological distress, and smoking status,

except for the models for coronary heart disease, heart attack, and stroke.
¶ Adjustment limited to mode of recruitment and sex because of small sample size.

** Statistically significant at p<0.05.

TABLE 8.  Self-reported feelings of depression and probable current serious psychological distress (SPD) among adult survivors*
of 38 collapsed and damaged buildings enrolled in the World Trade Center Health Registry, by exposure type — New York City,
September 5, 2003–November 20, 2004

Time of evacuation†

After Before
Dust and debris cloud†

collapse collapse Building type†

Total adults Yes No of WTC-2 of WTC-2 Collapsed Damaged
(n = 8,418) (n = 5,226) (n = 3,148) (n = 717) (n = 7,156) (n = 5,095) (n = 3,323)

No. with % with % with % with % with % with % with % with
mental mental mental mental mental mental mental mental
health health health health AOR§ health health AOR§ health health AOR§

Mental health indicator problem problem problem problem (95% CI) problem problem (95% CI) problem problem (95% CI)

New depression, anxiety,
or other emotional problem¶ 5,383 64.7 68.5 58.5 1.4 (1.3–1.6)** 66.6 64.7 1.0 (0.8–1.2) 66.7 61.7 1.5 (1.3–1.6)**

Probable current SPD†† 879 10.7 13.6 5.8 2.2 (1.8–2.6)** 12.1 10.2 1.2 (0.9–1.5) 11.8 9.0 1.5 (1.3–1.8)**
* Persons aged >18 years, excluding rescue/recovery/clean-up workers, those for whom building status was undetermined, and those for whom age data were missing.
† Missing data: n = 101 for symptoms of depression, anxiety, or other emotional disorder; n = 190 for at least one out of six SPD items missing; n = 44 for dust and debris

cloud; and n = 545 for time of evacuation.
§ Adjusted odds ratio (confidence interval). Models adjusted by mode of recruitment, age, race/ethnicity, and sex.
¶ Defined by self-report of new feelings of depression, anxiety, or other emotional problems since September 11, 2001.

** Statistically significant at p<0.05.
†† Defined as a score of >13 on the K6 index for serious psychological SPD during the preceding 30 days.
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