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Background. Longitudinal symptoms of post-traumatic stress disorder (PTSD) are often characterized by heterogeneous
trajectories, which may have unique pre-, peri- and post-trauma risk and protective factors. To date, however, no study
has evaluated the nature and determinants of predominant trajectories of PTSD symptoms in World Trade Center (WTC)
responders.

Method. A total of 10835 WTC responders, including 4035 professional police responders and 6800 non-traditional
responders (e.g. construction workers) who participated in the WTC Health Program (WTC-HP), were evaluated an
average of 3, 6 and 8 years after the WTC attacks.

Results. Among police responders, longitudinal PTSD symptoms were best characterized by four classes, with the
majority (77.8%) in a resistant/resilient trajectory and the remainder exhibiting chronic (5.3%), recovering (8.4%) or
delayed-onset (8.5%) symptom trajectories. Among non-traditional responders, a six-class solution was optimal, with
fewer responders in a resistant/resilient trajectory (58.0%) and the remainder exhibiting recovering (12.3%), severe
chronic (9.5%), subsyndromal increasing (7.3%), delayed-onset (6.7%) and moderate chronic (6.2%) trajectories. Prior
psychiatric history, Hispanic ethnicity, severity of WTC exposure and WTC-related medical conditions were most
strongly associated with symptomatic trajectories of PTSD symptoms in both groups of responders, whereas greater
education and family and work support while working at the WTC site were protective against several of these
trajectories.

Conclusions. Trajectories of PTSD symptoms in WTC responders are heterogeneous and associated uniquely with
pre-, peri- and post-trauma risk and protective factors. Police responders were more likely than non-traditional
responders to exhibit a resistant/resilient trajectory. These results underscore the importance of prevention, screening
and treatment efforts that target high-risk disaster responders, particularly those with prior psychiatric history, high
levels of trauma exposure and work-related medical morbidities.

Received 23 November 2012; Revised 16 February 2013; Accepted 25 February 2013; First published online 3 April 2013

Key words: Disaster, latent modeling, longitudinal data, post-traumatic stress disorder, responders, risk factors.

Introduction

Tens of thousands of people were involved in rescue,
recovery and clean-up work following the 9/11 World

Trade Center (WTC) terrorist attacks. The diverse
group of people who responded to this disaster
included traditional first responders such as police
officers, firefighters and emergency medical technicians,
along with non-traditional responders such as con-
struction workers, operating engineers and other vol-
unteers, most of whom had no prior training in
disaster response (Herbert et al. 2006). Rescue and
recovery operations were carried out at Ground Zero
and the Staten Island landfill, where workers were
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exposed to extraordinarily hazardous working con-
ditions and toxic agents while searching for survivors
and cleaning up debris. In addition to unsafe physical
and chemical environmental conditions, these workers
were exposed to unprecedented and potentially trau-
matic psychological stressors, including fear for per-
sonal safety, injury or illness, working long hours
and performing arduous work in chaotic conditions,
the loss of colleagues and friends, handling body
parts, and inhaling the odor of decomposing bodies
and debris (Landrigan et al. 2004; Neria et al. 2006).

In 2002, the Centers for Disease Control and Preven-
tion (CDC) established medical monitoring and treat-
ment programs for the WTC responders (now called
the WTC Health Program; WTC-HP) to provide medi-
cal and mental health services to WTC rescue and
recovery workers. The WTC-HP is a regional clinical
consortium comprising five medical institutions in
the greater New York City area that provides these ser-
vices for police and other WTC responders; a separate
program is available for New York City firefighters
(Berninger et al. 2010a). Data from the initial monitor-
ing visit revealed that 11.1% of responders screened
positive for post-traumatic stress disorder (PTSD),
8.8% for depression, 5.0% for panic disorder and 62%
for a substantial stress reaction (Stellman et al. 2008).
Data from the WTC Health Registry similarly revealed
a 12.4% prevalence of PTSD among WTC responders
(Perrin et al. 2007). This study further found that
rates of PTSD differed across occupations with varying
degrees of training and preparedness in disaster re-
sponse, ranging from 6.2% in police to 21.2% in un-
affiliated volunteers.

Several risk factors for PTSD in WTC responders
have been identified. They include earlier arrival at
the WTC site; evacuation from one of the WTC towers;
dust cloud exposure; sustaining an injury at the site;
witnessing trauma; longer work duration; and perform-
ing tasks atypical for their occupation (Perrin et al.
2007). Risk factors for PTSD have also been found to
vary by occupation. For example, witnessing trauma
was associated with PTSD for non-traditional re-
sponders, and performing work for which responders
were not trained (e.g. firefighting among police
officers) was associated with PTSD in professional
responders. In serial cross-sectional analyses of
firefighters who responded to the WTC disaster, the
prevalence of PTSD was persistently elevated at
7.4%, even a decade later (Soo et al. 2011). In this
study, early arrival and higher respiratory and diges-
tive symptoms were associated with both persistent
and delayed-onset PTSD.

A burgeoning body of research has begun to
examine the longitudinal course of PTSD in WTC re-
sponders and other high-risk groups, such as war

veterans (Bonanno et al. 2012) and survivors of assault
(Steenkamp et al. 2012), natural disaster (Norris et al.
2009), traumatic injury (deRoon-Cassini et al. 2010)
and chronic political violence (Hobfoll et al. 2011). In
the WTC studies, chronicity of PTSD symptoms was
found to be associated with prior trauma exposure or
history of depression; 9/11-related exposure severity,
longer work periods; early depressive symptoms
after 9/11; and post-9/11 job loss, disability and low
social support (Brackbill et al. 2009; Berninger et al.
2010a,b; Cukor et al. 2011b). These studies have also
observed persistently lower PTSD symptom levels in
police officers compared to non-traditional responders
(Wisnivesky et al. 2011), extending analogous findings
from cross-sectional studies (Perrin et al. 2007; Luft
et al. 2012; Pietrzak et al. 2012). A recent study of
WTC police responders identified four groups on
the basis of the absence or presence of probable
PTSD 2–3 years and 5–6 years after 9/11 (Bowler et al.
2012). The majority of this sample were resilient (i.e.
no PTSD at either visit; 81%), whereas 11.2% had
delayed-onset PTSD, 5.3% chronic PTSD and 2.5%
were recovered. Factors associated with a greater
increase in PTSD symptom severity in this study
included male sex, job loss after 9/11 and disability.
Determinants of resilient, recovered and delayed-onset
outcomes were not evaluated in this study.

PTSD symptoms may evolve in complex ways after
a traumatic event and be characterized by hetero-
geneous trajectories. Common trajectories of PTSD
symptoms include resistance or resilience (i.e. minimal
to no symptoms over time); subsyndromal (i.e. mild
to moderate symptoms over time); chronic (i.e. chronic-
ally elevated symptoms over time); delayed dys-
function (i.e. increasing symptoms over time); and
recovery (i.e. declining symptoms over time) (e.g.
Norris et al. 2009; deRoon-Cassini et al. 2010). One
powerful approach to characterizing PTSD symptom
trajectories is latent growth mixture modeling
(LGMM; Nagin & Tremblay, 2001; Curran &
Hussong, 2003; Muthén, 2004), which can yield insight
into the nature and evolution of PTSD symptoms after
trauma exposure. This approach can also be used to
identify determinants of longitudinal trajectories of
PTSD symptoms. For example, data from people
exposed to political violence revealed that lower
resource loss and greater social support predicted im-
provement in PTSD symptoms over time (Hobfoll
et al. 2011) and recent data on US military personnel
found that delayed-onset PTSD may stem from a pro-
gressive worsening of lower-grade symptoms over
time (Bonanno et al. 2012). Importantly, both baseline
(e.g. severity of trauma exposure, psychiatric history)
and time-varying factors (e.g. secondary stressors)
may be related differentially to longitudinal patterns
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of PTSD symptoms following a disaster (Hobfoll et al.
2011; Bonanno et al. 2012; Kessler et al. 2012). To date,
however, no study of which we are aware has used
LGMM to characterize the nature and determinants of
PTSD symptom trajectories in WTC responders. Such
an examination is important, as it can help to identify
predominant patterns of PTSD symptom trajectories,
along with potentially modifiable determinants of resili-
ence, recovery and dysfunction in this large population.

We had two objectives in the current study. First,
we sought to characterize longitudinal trajectories
of WTC-related PTSD symptoms an average of 3, 6
and 8 years after 9/11 in a large cohort of more than
10000 police and non-traditional WTC-responders.
Second, we sought to examine pre-, peri- and post-
9/11 determinants of WTC-related PTSD symptom tra-
jectories in these responders.

Method

Sample

Participants included 10835 WTC responders, includ-
ing 4035 police responders comprised predominantly
(> 85%) of New York City police officers; and the re-
mainder being Port Authority police, police from
New York City and non-New York City sheriff’s
offices, and other non-New York City police depart-
ments; and 6800 non-traditional responders com-
prising 40% construction workers, 13% installation/
maintenance/repair workers, 12% security guards and
other non-police protective services, 7% transportation
workers, and smaller numbers of workers in a range
of heterogeneous occupations, including engineering,
health care, media, administrative and others. Partici-
pants completed Visits 1, 2 and 3 [conducted an av-
erage of 3.3 (S.D.=1.9, range 0.8–8.0), 5.7 (S.D.=1.7,
range 3.1–9.0) and 7.9 (S.D.=1.3, range 5.3–10.1) years
after 9/11] of the WTC-HP. Responders were recruited
through outreach that included union meetings,
mailings, media articles and some 50000 telephone
calls in multiple languages. Details regarding eli-
gibility for this program are described elsewhere
(Pietrzak et al. 2012). Eighteen months after their
first visit, participants were eligible to return for a
second visit, with subsequent visits scheduled every
18 months thereafter. Institutional Review Boards of
each affiliated site approved and monitored com-
pliance with procedures for obtaining informed con-
sent and protecting human subjects.

Assessments

Dependent variable

The PTSD Checklist Specific-Stressor Version (PCL-S;
Weathers et al. 1993) is a 17-item self-report instrument

based on DSM-IV criteria for PTSD that was used to
assess WTC-related PTSD symptoms. In the current
study, a PCL-S score 544 was used to identify prob-
able PTSD (Blanchard et al. 1996).

Independent variables

Sociodemographic characteristics assessed included
age, sex, race/ethnicity, education, marital status and
income.

Psychiatric history prior to 9/11 was assessed by ask-
ing respondents if they had ever been diagnosed by a
health-care professional with depression, anxiety dis-
order or PTSD prior to 9/11. This variable was coded
as ‘0’=no diagnosis or ‘1’=one or more of these
diagnoses.

Stressful life events before and after 9/11 were as-
sessed using questions from the Disaster Supplement
of the Diagnostic Interview Schedule (Robins &
Smith, 1983). Fifteen negative life events (e.g. divorce/
separation, personal illness, family illness or death)
experienced the year before and since 9/11 were as-
sessed (score range 0–15 events before and since 9/11).

WTC-related exposures were assessed by a clinician-
administered interview. Exposures assessed included
(1) early arrival (i.e. beginning work at the WTC work-
site between 11 and 13 September 2001); (2) being
caught in the dust cloud; (3) working primarily/
adjacent to the collapse site, known as the ‘pit’ or the
‘pile’ during September 2001; (4) working more than
the median number of hours on the WTC site;
(5) exposure to human remains (i.e. any exposure to
human remains between 11 September 2001 and
30 June 2002); (6) involvement in search and rescue
efforts during September to October 2001; (7) sleeping
on site; (8) traumatic death of a colleague, family mem-
ber or friend on 9/11; and (9) being treated for an injury
or illness while working on the WTC recovery effort;
and (10) knowing someone who suffered an injury
on 9/11. Both the total number (range 0–10) of WTC
exposures and specific exposures were analyzed.

WTC-related medical conditions were assessed by
comprehensive medical examinations. WTC-related
medical illness burden was computed as the count
of three of the most common WTC-related medical
conditions [asthma, gastroesophageal reflux disease
(GERD), sinusitis] that were diagnosed within 3
months of participants’ initial visit to the WTC-HP.

Sources of family and work social support were
assessed by asking respondents to endorse important
sources of family and work support while working at
the WTC site. Sources of support were summed to re-
present total number of family supports (sources of
support assessed were spouse/partner, children and
parent(s); range 0–5; analyzed as a continuous variable);
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and total number of work supports while working at
the WTC site (sources of support assessed included
supervisor and co-workers; range 0–2; coded as ‘0’ ver-
sus ‘1 or 2’ due to restricted range).

Data analysis

To characterize longitudinal trajectories of WTC-
related PTSD symptoms, we conducted LGMM
analyses using robust full-information maximum
likelihood estimation in Mplus (Muthén & Muthén,
2002); <1.3% of participants failed to complete the
PCL-S at any visit. LGMM analyses were conducted
separately for police and non-traditional WTC respon-
ders. The number of PTSD symptoms endorsed at a
‘moderate’ or greater level (range 0–17), which corre-
sponds to the DSM-based symptom cluster method
of operationalizing symptom endorsement (Weathers
et al. 1993; Blanchard et al. 1996), were entered into
this analysis to facilitate comparisons of the final sol-
utions to prior LGMM studies; we then plotted raw
PCL scores in each of the groups to facilitate interpret-
ability of these solutions. LGMM analyses proceeded
in two steps. First, we compared one- to six-class
unconditional latent growth mixture (LGM) models
and assessed their relative fit using conventional indi-
ces, including Bayesian Information Criterion (BIC),
Akaike’s Information Criterion (AIC), entropy, the
Lo–Mendell–Rubin likelihood test (LMR LRT; Lo
et al. 2001) and the bootstrap likelihood ratio test
(BLRT; McLachlan & Peel, 2000). We identified the
best-fitting models based on smaller BIC and AIC
values, higher entropy values, and on results of the
LRT and the BLRT, which quantify the likelihood
that the data can be described by a model with one
less trajectory. In addition to inspecting these formal
criteria, we also considered class sizes, parsimony
and interpretability of the various solutions, and
aimed to select final models that contained at
least 5% of the sample in the smallest class (Nylund
et al. 2007). Second, to characterize determinants
of longitudinal trajectories of WTC-related PTSD in
WTC responders, we conducted multinomial logistic
regression analyses. Each responder was assigned to
the class having the greatest posterior probability.
These class assignments were the dependent variables.
Predictors in these analyses were selected on the basis
of probable theoretical association with PTSD re-
sponse. To reduce bias due to missing values of vari-
ables, multiple imputation using chained equations
(van Buuren et al. 2006) was used. Continuous predic-
tors were imputed using a multivariate normal model,
range-restricted quasi-continuous predictors using a
truncated regression model, dichotomous predictors
using a logistic equation, and polytomous predictors

using a multinomial logit equation. The percentage of
observations imputed for each predictor variable is
shown in Table 3. We created 10 imputed data sets
for police and 75 for non-traditional responders,
where missing data were more prevalent. Convergence
of chains after burn-in of 100 iterations was verified by
visual inspection of trace graphs. All data management
and analyses other than fitting of LGM models were
conducted using Stata version 12.1 (Stata Corp., USA).

Results

Table 1 shows demographic, WTC exposure and psy-
chosocial characteristics of police and non-traditional
responders. Compared to non-traditional responders,
police responders were younger, more likely to be
White/non-Hispanic, college or higher educated,
married/partnered and to have an income5US
$70000/year. They also reported more total WTC-
related exposures; more sources of family and work
support while working at the WTC site; and were
more likely to have been diagnosed with asthma and
sinusitis within 3 months of their first visit to the
WTC-HP. They were less likely to have been diagnosed
with depression, anxiety and PTSD prior to 9/11; and
reported fewer stressors in the years before and after
9/11. Sex and proportions of responders who reported
having been treated for an injury or illness while work-
ing at the WTC site and diagnosis of WTC-related
GERD did not differ.

Table 2 shows results of LGMM analyses examining
longitudinal trajectories of WTC-related PTSD symp-
toms. Based on fit indices, theory and parsimony, we
selected the four-class solution as the optimal model
for police WTC responders. Although LRT and BLRT
results indicated that the five- and six-class solutions
provided a better-fitting solution than the four-class
solution in police WTC responders, these solutions
were not parsimonious and contained two or more
classes with less than 5% of the sample. Thus, we
selected the four-class solution as the optimal solution,
as it fit better than the one-, two- and three-class sol-
utions, was parsimonious and theoretically defensible,
and contained at least 5% of the sample in the smallest
class. This solution was characterized by resistant
(77.8%), chronic severe (5.3%), recovering (8.4%) and
delayed-onset (8.5%) PTSD symptom trajectories.
Among non-traditional responders, a six-class solution
was determined to be optimal. This solution was
characterized by resistant (58.0%), recovering (12.3%),
severe chronic (9.5%), subsyndromal increasing
(7.3%), delayed onset (6.7%) and moderate chronic
(6.2%) trajectories. Figure 1 shows mean PCL-S scores
as a function of visits to the WTC-HP for the four-
and six-class models of WTC-related PTSD symptom
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Table 1. Demographic, exposure and clinical characteristics of non-traditional and police WTC responders

Non-traditional
responders (n=6800)

Police responders
(n=4035)

Demographics
Age at Visit 1 (years)a 45.3±9.6 41.2±6.6
Sex
Female 913 (13.43) 592 (14.67)
Male 5886 (86.57) 3443 (85.33)

Race/ethnicitya

White, non-Hispanic 4145 (60.97) 2732 (67.74)
Hispanic 1663 (24.46) 817 (20.26)
Black, non-Hispanic 808 (11.89) 396 (9.82)
Other 182 (2.68) 88 (2.18)

Educationa

High school or less 2599 (42.03) 615 (16.01)
More than high school 3584 (57.97) 3226 (83.99)

Marital statusa

Married or partnered 4373 (67.12) 2902 (73.71)
Never married 1084 (16.64) 563 (14.30)
Widowed, separated or divorced 1058 (16.24) 472 (11.99)

Income4US$70000a

No 1976 (36.86) 2144 (61.66)
Yes 3385 (63.14) 1333 (38.34)

Pre-9/11 history
Diagnosed depression prior to 9/11a

No 6086 (91.09) 3837 (96.26)
Yes 595 (8.91) 149 (3.74)

Diagnosed anxiety disorder prior to 9/11a

No 6186 (92.69) 3824 (96.08)
Yes 488 (7.31) 156 (3.92)

Diagnosed PTSD prior to 9/11a

No 6251 (93.79) 3846 (96.95)
Yes 414 (6.21) 121 (3.05)

Number of life stressors before 9/11a 1.3 (1.7) 1.0 (1.3)

WTC-related exposures
Total number of exposuresa 3.47 (1.91) 5.19 (1.95)
Arrived 11–13 September 2001a

No 2373 (34.90) 483 (11.97)
Yes 4427 (65.10) 3552 (88.03)

Caught in dust clouda

No 5859 (86.16) 2796 (69.29)
Yes 941 (13.84) 1239 (30.71)

Exposed to human remainsa

No 4294 (63.15) 1369 (33.93)
Yes 2506 (36.85) 2666 (66.07)

Know somebody who was injured on 9/11a

No 4021 (69.39) 1559 (43.10)
Yes 1774 (30.61) 2058 (56.90)

Search, rescue, and recovery September–October 2001a

No 6119 (89.99) 2796 (69.29)
Yes 681 (10.01) 1239 (30.71)

Slept on-site during September–October 2001a

No 4182 (82.96) 2835 (79.66)
Yes 859 (17.04) 724 (20.34)

Somatic injury/illness while at worksite
No 4758 (72.00) 2876 (72.81)
Yes 1850 (28.00) 1074 (27.19)
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Table 1 (cont.)

Non-traditional
responders (n=6800)

Police responders
(n=4035)

Traumatic death of colleague, family member or frienda

No 3606 (62.18) 1046 (28.86)
Yes 2193 (37.82) 2578 (71.14)

Worked adjacent to pit/pilea

No 1365 (20.07) 715 (17.72)
Yes 5435 (79.93) 3320 (82.28)

Worked more than median hoursa

No 3897 (57.31) 1525 (37.79)
Yes 2903 (42.69) 2510 (62.21)

Social support while working at WTC site
Number of important sources of family support while working at WTC sitea 2.0 (1.7) 2.7 (1.7)
Number of important sources of work support while working at WTC sitea 0.6 (0.8) 0.8 (0.8)

Post-9/11 variables
Diagnosed with asthma within 3 months of visit 1a

No 5486 (80.68) 3091 (76.60)
Yes 1314 (19.32) 944 (23.40)

Diagnosed with GERD within 3 months of visit 1
No 5142 (75.62) 3027 (75.02)
Yes 1658 (24.38) 1008 (24.98)

Diagnosed with sinusitis within 3 months of visit 1a

No 4861 (71.49) 2739 (67.88)
Yes 1939 (28.51) 1296 (32.12)

Number of life stressors since 9/11a 2.6 (2.4) 2.0 (1.9)

WTC, World Trade Center; PTSD, post-traumatic stress disorder; GERD, gastroesophageal reflux disease.
Some frequencies do not sum to the total number of responders because of missing data.
a Groups differ, p<0.001.
Values given as mean±standard deviation or n (%).

Table 2. Fit indices for one- to six-class unconditional latent growth mixture (LGM) models of WTC-related PTSD symptoms in police and
non-traditional WTC responders

BIC SSA-BIC AIC Entropy

p value

LMR LRT Bootstrapped LRT

Police responders (n=4035)
One-class 61175.22 61149.80 61124.80 – – –
Two-class 59902.69 59877.27 59852.27 0.966 < 0.001 < 0.001
Three-class 57854.83 57819.88 57785.50 0.954 < 0.001 < 0.001
Four-class 56578.46 56553.98 56490.22 0.958 < 0.001 < 0.001
Five-class 55750.98 55696.96 55643.83 0.957 0.0016 < 0.001
Six-class 54974.01 54910.46 54847.95 0.957 0.0197 < 0.001

Non-traditional responders (n=6800)
One-class 118001.60 117976.18 117947.01 – – –
Two-class 117131.38 117105.96 117076.78 0.898 < 0.001 < 0.001
Three-class 114848.71 114813.75 114773.64 0.905 < 0.001 < 0.001
Four-class 113157.10 113112.61 113061.55 0.898 < 0.001 < 0.001
Five-class 112419.35 112365.33 112303.33 0.892 0.0019 < 0.001
Six-class 111401.41 111337.86 111264.92 0.903 <0.001 <0.001

WTC, World Trade Center; PTSD, post-traumatic stress disorder; BIC, Bayesian Information Criterion; SSA-BIC, sample
size-adjusted BIC; AIC, Akaike’s Information Criterion; LMR LRT, Lo–Mendell–Rubin likelihood ratio test.
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trajectories for police and non-traditional WTC
responders.

Table 3 shows the prevalences of probable PTSD at
each visit, and the results of multinomial logistic
regression analyses that evaluated determinants of
WTC-related PTSD symptom trajectories in police
and non-traditional WTC responders. Among police
responders, those with a severe chronic, delayed-onset
or recovering trajectory were more likely than those
with a resistant trajectory to have been diagnosed
with a psychiatric disorder prior to 9/11; report a
greater number of stressors in the year before 9/11
and greater severity of WTC exposure; and to be diag-
nosed with more WTC-related medical conditions.
Responders in the severe chronic group were addition-
ally more likely to be older and Hispanic, whereas
greater education and number of sources of family

support while working at the WTC site were protect-
ive. Responders in the delayed-onset group were
additionally more likely to be female, and greater edu-
cation and having one or two sources of work support
while working at the WTC site were protective.
Responders in the recovering group were additionally
more likely to be older and female.

Among non-traditional responders, those with a
severe chronic, delayed-onset, subsyndromal increas-
ing, moderate chronic and recovering trajectory were
more likely than those in the resistant trajectory to be
Hispanic; to have been diagnosed with a psychiatric
disorder prior to 9/11; report a greater number of
stressors in the year before 9/11 and greater severity
of WTC exposure; and to be diagnosed with more
WTC-related medical conditions; greater education
was protective. Responders in the severe chronic
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Fig. 1. Trajectories of World Trade Center (WTC)-related post-traumatic stress disorder (PTSD) symptoms in (a) police WTC
responders and (b) non-traditional WTC responders. PCL-S is the PTSD Checklist Specific-Stressor Version; PCL-S scores
range from 17 to 85. Probable PTSD is indicated by a PCL-S score ≥44.
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Table 3. Determinants of trajectories of WTC-related PTSD symptoms in police and non-traditional WTC responders

Police responders (n=4035)
Severe chronic
(n=214; 5.3%)

Delayed-onset
(n=343; 8.5%)

Recovering
(n=339; 8.4%)

Probable PTSD at Visit 1 (%) 86.4 2.6 45.1
Probable PTSD at Visit 2 (%) 88.4 33.1 20.9
Probable PTSD at Visit 3 (%) 93.0 53.3 4.2

% Imputed RRR (95% CI) RRR (95% CI) RRR (95% CI)

Age at Visit 1 0 1.05 (1.03–1.08)*** 1.01 (0.99–1.03) 1.02 (1.01–1.04)** – –
Sex 0
Male (reference) – – – – –
Female 1.50 (0.85–2.14) 1.66 (1.11–2.21)*** 1.68 (1.13–2.24)*** – –

Race/ethnicity 0.05
White, non-Hispanic (reference) – – – – –
Black, non-Hispanic 1.01 (0.40–1.62) 0.76 (0.41–1.11) 0.99 (0.57–1.41) – –
Hispanic 2.12 (1.34–2.90)*** 1.10 (0.78–1.43) 1.27 (0.89–1.64) – –
Other 0.67 (0.23–1.56) 0.66 (0.04–1.28) 0.67 (0.03–1.32)

Education 4.8
High school or less (reference) – – – – –
More than high school 0.69 (0.41–0.96)* 0.64 (0.45–0.83)*** 0.90 (0.60–1.21) – –

Marital status 2.4
Never married (reference) – – – – –
Married or cohabiting 1.28 (0.64–1.92) 1.26 (0.78–1.74) 1.25 (0.78–1.73) – –
Widowed, separated or divorced 0.90 (0.36–1.43) 1.29 (0.69–1.89) 0.75 (0.38–1.12) – –

Income 13.8
4 US$70k/year (reference) – – – – –
> US$70k/year 1.26 (0.81–1.70) 1.16 (0.85–1.46) 1.17 (0.86–1.48) – –

Psychiatric history prior to 9/11 0.9
No diagnosis (reference) – – – – –
Diagnosis of depression, anxiety disorder and/or PTSD 9.72 (5.89–13.56)*** 2.79 (1.66–3.92)*** 4.46 (2.83–6.09)*** – –

No. of life stressors in year before 9/11 3.3 1.43 (1.31–1.55)*** 1.18 (1.10–1.26)*** 1.27 (1.19–1.36)*** – –
WTC exposure severity (range: 0–10) 25.3 1.54 (1.40–1.68)*** 1.35 (1.26–1.44)*** 1.29 (1.20–1.37)*** – –
No. of important sources of family support while working at WTC site 0.0 0.85 (0.76–0.94)*** 1.01 (0.93–1.09) 0.98 (0.90–1.06) – –
No. of important sources of work support while working at WTC site 0.0
None (reference) – – – – –
One or two 0.82 (0.63–1.02) 0.71 (0.59–0.84)*** 0.86 (0.71–1.01) – –

No. of WTC-related medical conditions 0.0 1.63 (1.37–1.90)*** 1.43 (1.25–1.61)*** 1.31 (1.14–1.48)*** – –
No. of life stressors in year after 9/11 3.3 1.09 (0.98–1.21) 1.06 (0.96–1.15) 1.01 (0.91–1.10) – –
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Non-traditional
responders (n=6800)

Severe
chronic
(n=646; 9.5%)

Delayed
onset
(n=456; 6.7%)

Subsyndromal
increasing
(n=496; 7.3%)

Moderate
chronic
(n=422; 6.2%)

Recovering
(n=836; 12.3%)

Probable PTSD at Visit 1 (%) 96.4 6.0 3.7 82.2 74.4
Probable PTSD at Visit 2 (%) 93.8 62.4 25.3 68.1 41.1
Probable PTSD at Visit 3 (%) 100.0 99.7 25.1 70.9 0.5

% Imputed RRR (95%CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI)

Age at Visit 1 0.0 1.01 (1.01–1.02)* 0.99 (0.98–1.00) 1.00 (0.99–1.01) 0.99 (0.98–1.00) 0.98 (0.97–0.99)*
Sex 0.01
Male (reference) – – – – –
Female 1.51 (1.14–1.89)*** 1.12 (0.80–1.44) 1.23 (0.93–1.53) 1.73 (1.27–2.20)*** 1.64 (1.14–2.13)***

Race/ethnicity 0.03
White, non-Hispanic (reference) – – – – –
Black, non-Hispanic 0.95 (0.69–1.21) 1.08 (0.75–1.42) 0.93 (0.71–1.16) 0.99 (0.70–1.29) 0.97 (0.65–1.30)
Hispanic 2.45 (1.95–2.96)*** 2.86 (2.22–3.49)*** 1.52 (1.22–1.82)*** 1.82 (1.40–2.24)*** 1.72 (1.27–2.17)***
Other 1.02 (0.41–1.64) 1.29 (0.53–2.04) 1.16 (0.63–1.69) 1.21 (0.51–1.91) 1.27 (0.47–2.07)

Education 9.1
High school or less (reference) – – – – –
More than high school 0.45 (0.37–0.54)*** 0.54 (0.43–0.65)*** 0.70 (0.59–0.82)*** 0.64 (0.51–0.76)*** 0.64 (0.50–0.79)***

Marital status 4.2
Never married (reference) – – – – –
Married or cohabiting 1.49 (1.11–1.87)*** 1.57 (1.11–2.02)*** 0.94 (0.73–1.15) 1.68 (1.21–2.16)*** 1.23 (0.87–1.60)
Widowed, separated or divorced 1.60 (1.12–2.07)*** 1.56 (1.01–2.11)* 1.05 (0.76–1.33) 1.45 (0.96–1.94) 1.24 (0.79–1.69)

Income 21.2
4US$70k/year (reference) – – – – –
>US$70k/year 2.06 (1.52–2.61)*** 1.56 (1.13–1.99)*** 1.19 (0.95–1.42) 1.33 (0.99–1.68) 1.32 (0.95–1.70)

Psychiatric history prior to 9/11 0.9
No diagnosis (reference) – – – –
Diagnosis of depression, anxiety disorder and/or PTSD 3.63 (2.83–4.44)*** 1.73 (1.23–2.23)*** 1.50 (1.13–1.86)*** 2.53 (1.90–3.16)*** 2.54 (1.83–3.25)***

No. of life stressors in year before 9/11 8.4 1.51 (1.44–1.57)*** 1.18 (1.12–1.25)*** 1.18 (1.12–1.23)*** 1.41 (1.34–1.47)*** 1.31 (1.24–1.37)***
WTC exposure severity (range 0–10) 41.3 1.25 (1.20–1.31)*** 1.10 (1.04–1.16)*** 1.09 (1.05–1.14)*** 1.20 (1.14–1.26)*** 1.19 (1.12–1.26)***
No. of important sources of family support while working at WTC site 0.0 0.91 (0.86–0.97)** 0.91 (0.85–0.97)** 0.96 (0.91–1.01) 0.89 (0.83–0.95)*** 0.93 (0.86–1.00)
No. of important sources of work support while working at WTC site 0.0
None (reference) – – – – –
One or two 0.83 (0.72–0.94)** 0.92 (0.79–1.06) 0.98 (0.87–1.09) 0.87 (0.74–0.99)* 1.07 (0.91–1.24)

No. of WTC-related medical conditions 0.0 1.37 (1.24–1.49)*** 1.21 (1.08–1.34)*** 1.18 (1.07–1.29)*** 1.34 (1.20–1.48)*** 1.22 (1.08–1.37)***
No. of life stressors in year after 9/11 7.5 0.98 (0.92–1.03) 1.07 (1.01–1.14)* 1.05 (1.00–1.11) 0.98 (0.92–1.04) 1.00 (0.94–1.07)

WTC, World Trade Center; PTSD, post-traumatic stress disorder; RRR, relative risk ratio; CI, confidence interval.
Reference group=resistant trajectory.
Probable PTSD: PTSD Checklist Specific-Stressor Version (PCL-S) score 544.
Bolded RRRs (95% CI) indicate a significant association with the trajectory group, * p<0.05; ** p<0.01; *** p<0.001.
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group were additionally more likely to be older,
female, married/cohabiting, widowed, separated or
divorced, and have a higher income, whereas greater
family and work support while working at the WTC
site were protective. Responders in the delayed-onset
group were additionally more likely to be married/
cohabiting, widowed, separated or divorced, have a
higher income, and to report a greater number of
stressors in the year after 9/11; greater family support
while working at the WTC site was protective.
Responders in the moderate chronic group were
additionally more likely to be female and married or
cohabiting, whereas greater family and work support
while working at the WTC site were protective.
Responders in the recovering group were additionally
more likely to be younger and female.

Table 4 shows specific WTC exposures associated
with trajectories of WTC-related PTSD symptoms in
police and non-traditional responders. Among police
responders, enduring an illness or sustaining an injury
while working at the WTC site and knowing some-
one who was injured on 9/11 were associated with
severe chronic, delayed-onset and recovering trajec-
tories. Exposure to human remains, and traumatic
loss of colleague, friend or family member were ad-
ditionally associated with a severe chronic trajectory.
Other WTC-related exposures that were differentially
associated with symptom trajectories are shown in
Table 4.

Among non-traditional responders, enduring an
illness or sustaining an injury while working at the
WTC site and working more than the median number
of hours at the WTC site were associated with each of
the symptomatic trajectories. Knowing someone who
was injured at the WTC site, having worked adjacent
to the pit/pile, traumatic loss of colleague, friend
or family member, and exposure to human remains
were additionally associated with a severe chronic
trajectory, whereas early arrival was negatively associ-
ated with this trajectory. Other WTC-related exposures
that were differentially associated with symptom tra-
jectories are shown in Table 4.

Discussion

The results of this study extend prior LGMM studies
of PTSD symptom trajectories to suggest that WTC-
related PTSD symptoms are characterized by hetero-
geneous trajectories in a large cohort of professional
police and non-traditional WTC responders. The four-
class solution observed among police responders is
similar to that described by Bowler et al. (2012) in a
separate cohort of police WTC responders, and also
in other trauma-exposed samples (e.g. Hobfoll et al.
2011; Bonanno et al. 2012). Notably, the proportions

of police responders exhibiting four different trajec-
tories of symptoms were strikingly comparable to
those observed in the aforementioned independent
cohort of police responders, with an equivalent 5.3%
of responders in both samples exhibiting a chronic
dysfunction trajectory (Bowler et al. 2012). That police
responders were significantly less likely to have
clinically elevated patterns of WTC-related PTSD
symptoms relative to non-traditional responders is
likely related to their having a higher level of training
and preparedness in responding to trauma; this
finding accords with prior work demonstrating the
protective role of preparedness in mitigating risk for
PTSD (Alexander & Wells, 1991; Alexander, 1993;
Johnson et al. 2005; Renshaw, 2011; Goldmann et al.
2012); an additional possibility is that this may reflect
under-reported symptoms or ‘selective survival’ of resi-
lient police officers (Perrin et al. 2007). Importantly, the
finding that 5.3% of police responders and 9.5%
of non-traditional responders experienced chronic
WTC-related PTSD symptoms, with a considerable
additional proportion exhibiting subsyndromal and
delayed-onset symptoms, nearly a decade after this
traumatic event underscores the need for continued
monitoring and treatment of PTSD symptoms in this
population.

Several factors were independently related to symp-
tomatic trajectories of WTC-related PTSD symptoms in
police and non-traditional responders. Factors consist-
ently related to symptomatic WTC-related PTSD trajec-
tories in both groups of responders included female
sex, Hispanic race/ethnicity, lower education, prior
psychiatric history, greater life stressors prior to 9/11,
increased severity of WTC exposure, and greater num-
ber of WTC-related medical conditions. Inspection of
the magnitudes of these associations suggested that
prior psychiatric history, Hispanic race/ethnicity, sev-
erity of WTC exposure, and number of WTC-related
medical conditions were most strongly associated
with symptomatic PTSD trajectories. These findings
accord with meta-analyses of risk factors for PTSD
(Brewin et al. 2000; Ozer et al. 2003) and prior research
on determinants of PTSD in WTC responders (e.g.
Perrin et al. 2007; Berninger et al. 2010a; Bowler et al.
2010; Cukor et al. 2011a). Studies in trauma-exposed
samples have also found higher rates of physical health
problems in individuals with PTSD (Pietrzak et al.
2011), and a growing number of studies of WTC
responders have documented high co-morbidity of
PTSD and WTC-related medical conditions, such as
asthma, sinusitis and GERD (Brackbill et al. 2009; Li
et al. 2011; Wisnivesky et al. 2011). Taken together,
these results highlight the importance of prevention,
screening and treatment efforts that target high-risk
disaster responders, particularly those with prior
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Table 4. Specific WTC exposures associated with trajectories of WTC-related PTSD symptom trajectories

Police responders (n=4035) Severe chronic Delayed-onset Recovering

Arrived 11–13 September 2001 1.30 (0.51–2.09) 1.50 (0.80–2.20) 1.31 (0.74–1.88)
Caught in dust cloud 1.40 (0.92–1.88) 1.13 (0.84–1.42) 1.47 (1.09–1.84)**
Exposed to human remains 1.87 (1.13–2.61)** 0.98 (0.72–1.24) 1.22 (0.89–1.56)
Somatic injury/illness while at worksite 3.04 (2.02–4.05)*** 1.71 (1.28–2.15)*** 1.70 (1.26–2.14)***
Know someone injured 11 September 2001 1.81 (1.06–2.55)** 1.54 (1.11–1.97)** 1.39 (1.01–1.78)*
Search rescue recovery September–October 2001 1.15 (0.75–1.55) 1.50 (1.12–1.88)** 1.15 (0.85–1.44)
Slept on site September–October 1.52 (0.94–2.10) 1.34 (0.96–1.72) 1.23 (0.86–1.61)
Traumatic death of colleague, friend, family on 9/11 1.87 (1.01–2.75)** 1.39 (0.95–1.82) 1.68 (1.13–2.24)**
Worked adjacent to pit/pile 0.87 (0.50–1.23) 1.30 (0.84–1.75) 0.95 (0.65–1.25)
Worked>median hours at WTC site 1.12 (0.73–1.51) 1.34 (0.99–1.70) 0.94 (0.70–1.18)

Non-traditional responders (n=6800) Severe chronic Delayed-onset
Subsyndromal
increasing Moderate chronic Recovering

Arrived 11–13 September 2001 0.50 (0.40–0.60)*** 0.68 (0.53–0.83)*** 0.89 (0.73–1.05) 0.60 (0.47–0.73)*** 0.73 (0.54–0.91)*
Caught in dust cloud 1.18 (0.88–1.48) 0.91 (0.64–1.19) 1.06 (0.82–1.30) 1.10 (0.79–1.40) 1.25 (0.88–1.63)
Exposed to human remains 1.30 (1.04–1.55)** 1.21 (0.95–1.46) 1.26 (1.04–1.47)** 1.31 (1.04–1.58)* 1.19 (0.91–1.47)
Somatic injury/illness while at worksite 2.06 (1.67–2.44)*** 1.70 (1.34–2.05)*** 1.36 (1.11–1.60)*** 1.88 (1.50–2.26)*** 1.88 (1.45–2.31)***
Know someone injured 11 September 2001 1.61 (1.26–1.97)*** 1.02 (0.76–1.28) 0.98 (0.79–1.17) 1.41 (1.09–1.74)** 1.30 (0.96–1.63)
Search rescue recovery September–October 2001 0.85 (0.60–1.11) 0.88 (0.57–1.19) 0.83 (0.61–1.06) 0.70 (0.46–0.94)* 1.17 (0.78–1.57)
Slept on site September–October 1.29 (0.96–1.61) 0.92 (0.65–1.20) 1.19 (0.91–1.47) 1.24 (0.89–1.59) 0.94 (0.62–1.25)
Traumatic death of colleague, friend, family on 9/11 1.39 (1.10–1.68)** 1.13 (0.86–1.39) 1.13 (0.92–1.33) 1.52 (1.18–1.85)*** 1.22 (0.92–1.52)
Worked adjacent to pit/pile 1.47 (1.14–1.81)*** 1.15 (0.87–1.42) 1.04 (0.84–1.25) 1.24 (0.94–1.54) 1.11 (0.80–1.41)
Worked>median hours at WTC site 2.05 (1.67–2.43)*** 1.83 (1.46–2.19)*** 1.30 (1.09–1.52)** 1.73 (1.38–2.07)*** 1.61 (1.25–1.98)***

WTC, World Trade Center; PTSD, post-traumatic stress disorder;
Values given as relative risk ratio (95% confidence interval).
Reference group=resistant trajectory.
Relative risk ratios are adjusted for all demographic and psychosocial characteristics shown in Table 3.
Bolded relative risk ratios (95% CI) indicate a significant association with the trajectory group, * p<0.05, ** p<0.01, *** p<0.001.
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psychiatric history, high levels of trauma exposure and
work-related medical morbidities.

Family support while working at the WTC site was
negatively associated with a severe chronic PTSD
symptom trajectory in both police and non-traditional
responders, whereas work support while working at
the site was negatively associated with a delayed-onset
trajectory in police responders, and severe chronic and
moderate chronic trajectories in non-professional re-
sponders. This finding is consistent with prior research
demonstrating the ‘buffering’ effect of social support
on risk for PTSD (Charuvastra & Cloitre, 2008;
Kaniasty & Norris, 2008). It also underscores the im-
portance of preventive efforts to increase family and
work social support during disaster response and
recovery, as they may help to mitigate the deleterious
effect of trauma and other risk factors, and promote
resilience (Walsh, 2007; Landau et al. 2008).

Certain WTC-related exposures were independently
linked to symptomatic PTSD trajectories. Injury or ill-
ness while working at the WTC site was most strongly
associated with symptomatic PTSD trajectories in both
groups of responders, whereas traumatic loss or injury
of a colleague, friend or family member was associated
with severe chronic and recovering trajectories in
police responders; and working more than the median
number of hours was associated with all symptomatic
trajectories in non-traditional responders. These
findings, which corroborate prior work on WTC re-
sponders (e.g. Perrin et al. 2007), suggest that, although
there are common trauma exposures that may increase
risk for symptomatic PTSD trajectories in both pro-
fessional and non-traditional WTC responders, some
determinants of these trajectories may be unique to
these populations. Experiencing an injury or illness
with enduring sequelae may serve as a ‘constant
reminder’ of one’s traumatic experience while working
at the WTC site, which may in turn maintain chronicity
of PTSD symptoms and vice versa (Friedman et al.
1994). Traumatic loss and injury to others may be
associated with bereavement, along with shame and
guilt, both of which increase risk for PTSD (Wilson
et al. 2006; Kristensen et al. 2012). That an increased
number of life stressors in the year after 9/11 was as-
sociated with a delayed-onset trajectory of WTC-
related PTSD symptoms in non-traditional responders
aligns with prior work linking secondary traumas/
stressors to onset of mental disorders (Kessler et al.
2012).

Although some prior studies in professional WTC
responders found an association between early arrival
and higher PTSD symptom levels (Chiu et al. 2011; Soo
et al. 2011), in our sample of non-traditional responders
early arrival was inversely related to symptomatic
PTSD trajectories. It is likely that this finding is related

to the heterogeneous occupational composition of
our non-traditional responder sample, with possible
delayed exposure to WTC-related traumas and atroci-
ties in workers without first-response training and pre-
paredness who joined the recovery and clean-up effort
after the first wave of responders.

Methodological limitations of this study should be
noted. First, the study population comprised a volun-
teer sample of WTC responders who completed at
least three visits to the WTC-HP; these were conducted
an average of 3, 6 and 8 years after 9/11. Thus, it is not
clear whether the results may generalize to the broader
WTC responder population or WTC-HP participants
who have not yet completed three visits to this
program, or who were assessed over different time
intervals. Second, self-report measures were used to
assess the majority of the constructs in this study,
including WTC-related PTSD symptoms. Additional
research using clinician-administered structured inter-
views is needed to confirm these results. Third, given
that, on average, participants completed their first
visit to the WTC-HP 3 years after 9/11, retrospective
recall bias may have influenced reporting of remote
events, such as specific WTC exposures, for some
responders. Fourth, the current study focused solely
on the nature and determinants of PTSD symptom tra-
jectories; given that trauma exposure is associated with
a broad range of psychiatric and medical morbidities
(Farfel et al. 2008; Bryant et al. 2010), additional re-
search is needed to evaluate the nature and determi-
nants of predominant trajectories of morbidities other
than PTSD. Fifth, self-reported psychiatric history,
which was among the strongest determinants of symp-
tomatic PTSD trajectories, may be unreliable, as a con-
siderable proportion of persons with a psychiatric
disorder never present for treatment and may therefore
never be diagnosed (Wang et al. 2005). Sixth, although
the number of stressful life events before 9/11 was
independently associated with symptomatic PTSD tra-
jectories in both groups of responders, it is also poss-
ible that trauma exposures and sequelae experienced
before and after 9/11, which were not assessed in the
current study, may additionally increase risk for symp-
tomatic WTC-related PTSD trajectories. Seventh,
detailed mental health treatment history was not avail-
able. Thus, it is not clear whether participation in
such treatment may be differentially associated with
WTC-related PTSD symptom trajectories (e.g. recovery).

Despite these limitations, to our knowledge this
study is the first to characterize the nature and deter-
minants of longitudinal trajectories of WTC-related
PTSD symptoms in WTC responders. The results
reveal that PTSD symptom trajectories are hetero-
geneous in nature and characterized by differential
patterns of symptoms over time, with police
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responders more likely to exhibit a resistant symptom
trajectory compared to non-traditional responders.
Prior psychiatric history, Hispanic race/ethnicity, the
number of WTC-related medical conditions and sever-
ity of WTC exposure were most strongly associated
with symptomatic trajectories in both groups of re-
sponders, whereas family and work support while
working at the WTC site were protective against
some of these trajectories. Additional research is
needed to investigate other baseline and time-varying
determinants of longitudinal trajectories of PTSD
symptoms, such as biological factors, interactions of
biological factors with pre-, peri- and post-trauma
stressors and protective factors, in WTC and other
disaster-response personnel; and to evaluate the effec-
tiveness of targeting potentially modifiable risk and
protective factors in preventing or modifying sympto-
matic trajectories of PTSD in this population.
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