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Abbreviations

DSM-1V Diagnostic and Statistical Manual of Mental Disorders 4th
edition

FDNY-WTC-MMP  Fire Department of the City of New York World Trade Center
Medical Monitoring Program

MDD Major depressive disorder

NIOSH National Institute of Occupational Safety and Health
PCL Posttraumatic Symptom Checklist

PTSD Posttraumatic stress disorder

RIFT Range of Impaired Functioning Tool

SCID Structured Clinical Interview for DSM-1V

WTC World Trade Center

WTC-HP World Trade Center Health Program

WTC-HR World Trade Center Health Registry
Introduction

Responders to the World Trade Center (WTC) disaster were exposed to emo-
tional horrors and complex environmental toxins from gases and fine airborne
particulate matter. The ~90,000 responders included trained first responders
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(e.g., police and firefighters) and inexperienced nontraditional responders, such
as construction workers, electricians, and transportation and utility workers [1].
In the aftermath of the tower collapse, three large-scale health monitoring pro-
grams were funded by the National Institute of Occupational Safety and Health
(NIOSH): the Fire Department of the City of New York Medical Monitoring
Program (FDNY-WTC-MMP); and the WTC Health Program (WTC-HP) estab-
lished for police, other non-FDNY professionals, and nontraditional rescue/
cleanup/recovery workers at five coordinated centers of excellence (Mount Sinai
School of Medicine, Stony Brook University, Bellevue/New York University,
Queens College, and Rutgers Robert Wood Johnson Medical School); and the
WTC Health Registry (WTC-HR) which conducts longitudinal surveys of
exposed civilians and responders.

The FDNY-WTC-MMP and WTC-HP provide ongoing assessments of both
physical and mental health from direct physical examinations and self-report ques-
tionnaires and also treat WTC-related conditions. The WTC-HR collects survey
data on physical and mental health. It is important to note that these programs are
the first known health surveillance programs established after a toxic disaster that
evaluate both physical and mental health, rather than solely focusing on physical
outcomes.

This chapter focuses on posttraumatic stress disorder (PTSD) among respond-
ers. PTSD is a condition that can arise soon after a traumatic event (although
symptoms may appear or become impairing after months or years have passed).
The Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM-1V)
organized PTSD symptoms into three clusters: reexperiencing symptoms (e.g.,
intrusive recollections, nightmares, flashbacks), avoidance and numbing symp-
toms (e.g., avoiding reminders of the event, feeling detached, sense of foreshort-
ened future), and hyperarousal symptoms (e.g., difficulty falling or staying asleep,
irritability, difficulty concentrating, hypervigilance, exaggerated startle response).
The diagnosis is made only when a sufficient number of symptoms in each cate-
gory co-occur, last longer than a month, and interfere with a person’s
functioning.

Because PTSD was the most common mental health condition being studied in
disaster research, each of the three large-scale monitoring programs has assessed
PTSD since 2002, when they were established. The assessment instrument used by
all three programs is the Posttraumatic Symptom Checklist (PCL), a 17-item self-
report measure designed to assess the severity of the PTSD symptoms listed in
DSM-1V [2] over the past month on a scale from 1 (not at all) to 5 (extremely).
Scores can range from very low (17) to very high (85). Numerous WTC publica-
tions have described the prevalence of probable PTSD based on PCL cut points of
either 44 or 50 or a proxy DSM-based PTSD measure created from the requisite
number of moderate to severe symptoms in each of the three clusters (reexperienc-
ing, avoidance, and hyperarousal).
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Prevalence of PTSD in WTC Responders

The first paper on probable PTSD in WTC-HP responders examined more than
10,000 participants whose first monitoring visit occurred within 5 years of the attack
[3]. Eleven percent met criteria for probable PTSD, a rate the authors described as
similar to the rate in US veterans returning from Afghanistan. The rate is also almost
three times higher than the rate of PTSD among men in the general population who
reported being exposed to a traumatic event (4.1%; [4]). Stellman et al. also found
that PTSD decreased across the 5 years of observation (2002-2006), but a study of
FDNY using data from the same period of time found the reverse, namely, that the
rate of probable PTSD increased during that period [5]. In addition to the early
reports from the WTC-HP and FDNY programs, a number of reports on probable
PTSD were published by the WTC-HR. The latter confirmed the high rate of PTSD
in responders and also reported significantly more PTSD in nontraditional com-
pared to police responders [6], a pattern also observed in WTC-HP participants [7].
Subsequently, Pietrzak et al. [8] conducted trajectory analyses using PCL data from
WTC-HP responders’ three initial monitoring visits and found that 5.3% of police
and 9.5% of nontraditional responders had chronically elevated symptom levels.
The data from all three large monitoring programs were consistent in reporting that
exposure severity, defined by variables such as death of colleagues, early arrival at
the site (September 11 to September 12), injuries, and relatively long duration of
work, was significantly associated with an increased rate of PTSD.

A few studies evaluated the long-term prevalence of probable PTSD more than a
decade after 9/11. Cone et al. [9] analyzed data from police enrolled in the WTC-HR
and found that 11% had probable PTSD at 10—11-year follow-up, half of whom also
had PTSD at earlier time points. Thus, even more than a decade after 9/11, in men
who were previously considered “a healthy worker” cohort and indeed were
screened for resilience prior to entry into the police academy, the rate of long-term,
probable PTSD was more than double that of an unselected sample of men in the
general population who reported trauma exposure.

To date, only four studies of WTC-PTSD in responders have been based on
actual clinical diagnostic interviews rather than the PCL. A clinical interview allows
a professional rater to probe for all DSM-IV criteria, symptoms, duration, and
impairment. Two studies administered the Clinician-Administered PTSD Scale
[10], which is considered the gold standard for assessment of PTSD. The first study
assessed mental health relief workers 6-8 months after 9/11; 6.4% met developed
WTC-related PTSD [11]. The second was a longitudinal study of utility workers
that reported a decline in PTSD from 15% in 2002 to 5% in 2008 [12]. The
Diagnostic Interview Schedule was administered to a large sample of retired fire-
fighters 5-6 years after 9/11; 7% of the sample had active PTSD [13]. The fourth
study was conducted at the Stony Brook WTC-HP and involved an assessment of
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~3500 responders in 2012-2014 using the Structured Clinical Interview for DSM-IV
(SCID; [14]). Eighteen percent developed WTC-PTSD during that period, and 10%
had current PTSD at the time of interview. Consistent with the PCL findings, the
rates were higher in nontraditional than police responders and were significantly
associated with severity of exposure (early arrival, longer hours of work, exposure
to the dust cloud).

Comorbidity of PTSD and Physical Health

A large number of studies have shown strong reciprocal and longitudinal associa-
tions of PTSD with several aspects of physical health, particularly respiratory (e.g.,
[7, 15]) and gastrointestinal [16, 17] conditions. The Stony Brook studies in particu-
lar [7, 15] showed that PTSD was not just a correlate but was a significant driver of
lower respiratory symptoms, with new onsets being twice as common and recovery
being half as common in responders with PTSD at their previous visit compared to
responders free from PTSD. This finding was consistent with evidence of a biologi-
cal pathway between these conditions. As shown in Fig. 1, the pathway also includes
poor health behaviors, such as smoking and substance abuse.

Indeed, it is important to note that PTSD has consistently been tied to neurohor-
monal dysregulation in stress response systems (e.g., [18]), including sympathetic
hyperactivity [19] and altered hypothalamic-pituitary-adrenal (HPA) axis function-
ing [18]. The latter has been reflected in low peripheral cortisol at rest, increased
suppression during pharmacological challenge paradigm, and increased cortisol
reactivity following cognitive challenge. Dysfunction in both sympathetic and HPA
systems is known to be associated with increased levels of pro-inflammatory cyto-
kines (e.g., interleukin-1 and interleukin-6) (e.g., [20]). Of note, immunologic dys-
regulation has been documented across several studies of PTSD. These inflammatory
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Fig. 1 Pathways between PTSD and lower respiratory symptoms. Modified from Vaccarino and
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processes in turn may contribute to medical comorbidities, including respiratory
illnesses, as observed in the Stony Brook responder cohort [15].

In addition to associations between PTSD and physical health, a recent study
showed that PTSD, especially the reexperiencing symptom cluster, was also predic-
tive of cognitive impairment 14 years after 9/11 [21]. Recent studies of veterans
have also shown associations between PTSD and cognitive impairment, but a large
proportion of veteran samples has comorbid traumatic brain injuries, making it dif-
ficult to disentangle the effects of PTSD from those of traumatic brain injury. While
the results from the Stony Brook study need to be replicated, if confirmed, they
suggest that the consequences of persistent PTSD reach beyond the medical symp-
toms that have been the focus of most of the WTC research to date. They also raise
questions about potential changes in the brain resulting from chronic and persistent
PTSD.

The findings on PTSD in WTC responders have been consistent with 50 years of
research showing that mental ill health is associated with disability, physical mor-
bidity, and even mortality. Thus, treating PTSD in WTC responders and survivors is
a priority for WTC health programs as well as society more generally. The most
commonly prescribed medications are antidepressants, and the most common forms
of psychotherapy are psychoeducation, exposure therapy, and cognitive behavioral
therapy. However, it has been estimated that the majority of individuals with PTSD
either improve slowly or fail to improve after various medication and psychotherapy
trials. Thus, in light of the protracted nature of PTSD, the need for care remains a
continuing challenge.

Comorbidity of PTSD and Major Depression

Many clinical- and population-based studies have shown that PTSD and major
depressive disorder are significantly comorbid and that this is particularly true for
chronic PTSD, as shown in several WTC PCL-based studies (e.g., [9, 22, 23]) and
diagnosis-based research [14]. In the Stony Brook study of 3504 responders, 204
responders met diagnostic criteria for both current DSM-IV PTSD and current
major depressive disorder (MDD) 11-13 years after 9/11. This represented almost
half (47.7%) of responders with either one of these disorders (N = 428; odds
ratio = 1.42; 95% confidence interval = 1.43—1.53; p = 0.000). For the remainder of
the chapter, we explore whether responders with current comorbid PTSD/MDD
were significantly more disadvantaged with regard to their health and quality of life
than responders with single or with no current disorder.

Specifically, we compared three groups: responders with current DSM-IV PTSD/
MDD, responders with either PTSD or MDD, and responders with neither condition
(Table 1). We first compared them on demographic characteristics. In the three-way
comparison, the groups were similar in age at the time of 9/11 but differed signifi-
cantly on sex, occupational and marital status, and police versus nontraditional
responder status. That is, the comorbid PTSD/MDD group contained the largest
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Table 1 Comparison of Stony Brook WTC Health Program responders with current comorbid
PTSD and MDD, single disorder, and neither

Neither Single disorder | Current PTSD/MDD

N=3076 N=224 N=204

% % % 14
Demographics
Age in 2001, 40+ 39.8 37.5 46.6 NS
Sex, female 8.1 12.9 14.2 Fkk
Currently not working 26.4 55.9 65.2 ok
Currently not married 12.0 15.6 21.1 ok
Nontraditional responder 25.4 42.4 46.6 o
WTC experiences
Lost co-workers/colleagues 66.9 74.5 77.1 ok
Exposed to the dust cloud 22.5 25.1 28.2 NS
WTC lower respiratory 39.5 69.5 74.9 K
condition
Diagnosed with a WTC 44.2 68.3 81.9 K
condition
Quality of life
Rate their health as poor 5.6 24.2 39.1 ok
Poor life satisfaction 29.5 63.7 83.3 ok
Poor relationships with friends | 16.8 37.1 524 o
Inadequate social support 28.4 58.0 63.1 ok

NS not significant, * p < 0.05, ** p < 0.01, *** p < 0.001

proportion of women, unmarried and unemployed responders, and those coming
from nontraditional occupations, while the group with neither condition contained
the fewest responders who were female, unmarried, out of the workforce, or in the
nontraditional responder category. The single-disorder group fell in between. Of
note, two-thirds of responders with PTSD/MDD were out of the workforce com-
pared to ~50% in the single-disorder group and one-quarter in the group having
neither disorder. The two-way comparisons of responders in the PTSD/MDD versus
single-disorder groups indicated a trend for those with both disorders to be older
(p = 0.057) and not in the workforce (p = 0.052).

Regarding WTC experiences, we analyzed two key exposures and two key health
effects. With regard to exposures, the three groups did not differ significantly on
dust cloud exposure. However, three-quarters of responders with single and with
comorbid PTSD/MDD lost colleagues and friends when the towers collapsed com-
pared to two-thirds of responders with neither disorder (»p = 0.002). In terms of
WTC health effects, responders with neither PTSD nor MDD were the least, and
comorbid PTSD/MDD responders the most, likely to have current lower respiratory
symptoms and to report that they were told by a doctor that they have a WTC-
related condition. In the no-disorder group, 44.2% reported that they were diag-
nosed with a WTC-related condition. In contrast, among responders with comorbid
PTSD/MDD, 81.9% reported such a diagnosis. In the single-disorder group, the
figure was 68.3% (p value for the two-way comparison = 0.003).
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We next examined health-related quality of life (self-rated health as poor or very
poor on a five-point scale) and impairments in life satisfaction, relationships with
friends, and adequacy of social support. The latter three domains were determined
from the Range of Impaired Functioning Tool (RIFT) developed by Leon et al. [24].
These domains represent interviewer ratings made after a series of probes on a five-
point scale from very positive to very negative. Impairment scores for each scale
were dichotomized as follows: life satisfaction (fair/poor/very poor versus good/
very good), impaired friendships (mild/moderate/severe impairment versus
satisfactory/non-impaired friendships), and social support (fair/poor social network
involvement versus good/very good).

As shown in Table 1, each of the three-way comparisons was highly significant,
with the no-disorder group having the lowest and the comorbid group the highest
percent reporting poor subjective health and rated as having impairment in each
domain. Indeed, four out of five comorbid responders had impaired life satisfaction,
and two out of three had inadequate social support. The rank ordering across the
three groups was particularly striking. The two-way comparison further indicated
that significantly more comorbid responders had poor subjective health ratings and
impaired functioning compared to responders with a single disorder (p < 0.001).

Conclusion

WTC experiences have taken an enduring toll on responders. Fortunately, there are
programs in place to monitor and treat their physical and mental health conditions.
Comorbid PTSD/MDD has proven to be a particularly severe mental health out-
come, having an adverse association with not just physical health but also quality of
life. One surprising finding was that although nontraditional responders are at
increased risk of long-term PTSD and MDD, there was no difference by responder
status in the rate of comorbid PTSD/MDD. In general, the findings from the pub-
lished literature and from this secondary analysis of comorbid PTSD/MDD 11-13
years after 9/11 showed that half of responders with long-term PTSD also had
comorbid MDD and comorbidity was associated with multiple forms of impairment
many years after 9/11, including being out of the workforce and having poor life
satisfaction. These results confirm earlier findings based on the PCL [23] and sup-
port the need for continued screening and treatment of both PTSD and MDD and
comorbid PTSD/MDD.

Since the bombings in Japan in 1945, a number of toxic disasters have occurred,
ranging from the gas leak at Bhopal primarily from methyl isocyanate (1984), to
the vast radiation contamination from the explosion at the Chernobyl nuclear power
plant (1986), to the sarin attack on the Tokyo subway (1995), and to the triple disas-
ter in Fukushima which led to the evacuation of 220,000 residents living in the
20-30 km area near the Daiichi plants (2011). Each event had both physical and
mental health consequences. Yet only after the WTC attacks were both physical
and mental health evaluated concurrently. After the Fukushima radiation disaster,
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self-report health questionnaires were mailed to evacuees and other affected popu-
lations, and self-report mental health and lifestyle questionnaires were also posted.
But they were done as separate mailings. After the three nuclear power plant acci-
dents (Three Mile Island, Chernobyl, Fukushima), the consensus reports issued by
the major international radiation agencies all concluded that the biggest public
health impact of these events was on mental health. Yet in spite of the 1948 World
Health Organization statement that health encompasses physical, mental, and
social well-being, and in spite of the research findings on mental health after these
large-scale toxic disasters, mental health was not viewed as a direct effect and
hence did not fall within the purview of health monitoring and research programs,
even as a risk factor. It is well established that mental and physical health are two
sides of the same coin, each influencing the other, with mental health in some
instances serving as the driver of physical morbidity and mortality. The fact that the
WTC monitoring programs assess and offer treatment for both aspects of health
has been a momentous step forward.

Since the first epidemiologic evidence on PTSD [25], the chronicity of PTSD has
been well known. Furthermore, the original study by Kessler, the National
Comorbidity Survey, showed that respondents with a history of untreated PTSD had
a longer course of illness than those who had sought treatment. PTSD is one of the
most difficult disorders to treat effectively, in part because of its complexity and in
part because of its comorbidity with other disorders, including depression described
in this chapter but also substance abuse and other anxiety disorders. Nonetheless,
some treatments, such as exposure therapy and antidepressants, are effective for
some individuals. Although treatment often proceeds by trial and error, it is reason-
able to hope that an effective treatment can be found for responders with PTSD,
even if initiated long after its onset. Short of that, long-term support from clinical
staff in programs such as the Stony Brook WTC-HP and certification of PTSD and
depression, which allows for treatment without charge to the responders, minimize
the sense of isolation and unhappiness that arise in individuals with chronic mental
disorders.
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