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Abstract

Purpose The present study aims to examine the impact of physical and mental health comorbidities on the association
between post-9/11 posttraumatic stress disorder (PTSD) trajectories over 10 years and health-related quality of life (HRQOL)
among 9/11-exposed persons.

Methods 30,002 responding adult World Trade Center Health Registry enrollees reporting no pre-9/11 PTSD were studied.
PTSD trajectories (chronic, delayed, remitted, no PTSD) were defined based on a 17-item PTSD Checklist-Specific to 9/11
across three waves of survey data. Three indicators of poor HRQOL were defined based on CDC HRQOL-4 measures. We
computed age-adjusted prevalence of physical and mental health comorbidity (depression/anxiety) by PTSD trajectory
and used modified Poisson regression to assess the effect of PTSD trajectory on poor HRQOL prevalence, accounting for
comorbidity.

Results Age-adjusted prevalence of overall comorbid conditions was 95.8 and 61.4% among the chronic and no-PTSD
groups, respectively. Associations between 9/11-related PTSD trajectories and poor HRQOL were significant and became
greater when comorbidity was included. Adjusted prevalence ratios were elevated for fair/poor health status (APR 7.3, 95%
CI 6.5, 8.2), > 14 unhealthy days (4.7; 95% Cl 4.4, 5.1), and > 14 activity limitation days during the last 30 days (9.6; 95%
CI 8.1, 11.4) in the chronic PTSD group with physical and mental health comorbidity compared to those without PTSD and
comorbidity; similar associations were observed for delayed PTSD.

Conclusions Ten years post-9/11 physical and mental health comorbidities have a substantial impact on the PTSD trajectories
and HRQOL association. The need for early identification and treatment of PTSD and comorbidity should be emphasized
to potentially improve HRQOL.

Keywords PTSD - Health-related quality of life - Comorbidity - World Trade Center

Introduction

The September 11, 2001 (9/11) terrorist attacks on the World
Trade Center (WTC) in New York City (NYC) exposed
hundreds of thousands of individuals to an immense cloud
of dust and debris, numerous hazardous substances, and
emotional trauma. Those with these experiences have an
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increased risk of mental disorders and comorbid mental and
physical health conditions. To prevent disability and opti-
mize functioning and quality of life among those impacted
by 9/11 exposure, it is important to understand the burden of
mental and physical conditions among the exposed popula-
tion and to address the well-being of individuals with mental
and/or physical health conditions long after the exposure.
Posttraumatic stress disorder (PTSD) is one of the most
commonly reported mental health conditions following
exposure to the 9/11 disaster [1-6]. PTSD symptoms can
last for many years [7]. Chronic PTSD symptoms among
9/11-exposed responders and civilians over 8-9 years of
follow-up have been reported [8—10]. Pietrzak et al. reported
that 5.3% of police and 9.5% of non-traditional respond-
ers experienced chronic PTSD, while 8.5% of police and
6.7% of non-traditional responders reported delayed-onset
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PTSD [8]. The WTC Health Registry reported similar find-
ings: 4.0% chronic PTSD and 6.4% delayed-onset PTSD
among rescue/recovery workers [9] and 8.0% chronic and
8.2% delayed-onset PTSD among civilians not involved in
rescue/recovery work [10]. The effects of chronic post-9/11
PTSD on quality of life can be substantial due to long-lasting
or re-occurring symptoms and increased risk of comorbid
health conditions.

PTSD is often comorbid with other psychological disor-
ders [11-13], as well as physical health conditions. Mental
disorders of all kinds are associated with increasing risk
of subsequent onset or diagnosis of a number of physical
conditions, such as heart and lung diseases, diabetes, and
arthritis [14]. The rates and burden of comorbidity are high
in those with 9/11-related PTSD [5, 15-18]. The prevalence
of depression among 9/11 responders with PTSD ranged
from 66.5% [5] to 73.0% [15, 16]. The prevalence of anxi-
ety among police 9/11 responders with PTSD was 53.5%
[13]. Among responders with PTSD, 70.0% reported at least
one of three aerodigestive disorders (asthma, sinusitis, and
gastroesophageal reflux disease) [16]. Among civilian sur-
vivors, 40% of those with PTSD reported lower respiratory
symptoms [17]. Nevertheless, the burden of comorbid physi-
cal health conditions in persons with 9/11-related PTSD may
be greater if accounting for a wider range of physical health
conditions beyond aerodigestive disorders [16—-18].

When evaluating the burden of diseases, there has
been increased focus on measuring the patient’s perspec-
tive. Health-related quality of life (HRQOL) is a measure
of an individual’s perceived physical and mental health
over time, and an indicator of disease burden. The adverse
effects of PTSD [19], depression [20], anxiety [21], and
physical health conditions [22] on HRQOL have been well
documented in various populations. PTSD has been associ-
ated with reduced HRQOL [19], and may result in worse
HRQOL in the presence of comorbid depression, anxiety, or
physical health conditions [23, 24]. Individuals with PTSD
and depression have worse QOL than those with PTSD alone
[23]. There is evidence suggesting PTSD and depression
both independently contributed to mental HRQOL [23, 25].
A population-based study of war veterans found that those
who screened positive for PTSD reported a mean of 20 phys-
ical health symptoms compared with a mean of four symp-
toms among those without PTSD [24]. In the same study,
58% of those with PTSD rated their general health status
as poor or fair while only 6% of those without PTSD rated
health status as poor or fair [24]. Persistent PTSD symptoms
measured at two discrete time points over a 14-year period
among Vietnam veterans were found to be associated with
worse family relationships, less life satisfaction and happi-
ness, more mental health service use, and more non-specific
health complaints than those without [26]. PTSD often has a
duration of many years [7], and is characterized by frequent
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comorbid mental and physical health conditions among
9/11 exposed populations [5, 13, 15-18]. It is essential to
understand how the long-term course of 9/11-related PTSD
10 years post-disaster influences HRQOL based on more
frequent follow-up data.

The 9/11 exposed individuals with comorbid physical and
mental health conditions have worse HRQOL than those
without PTSD or with PTSD alone years after the event [5,
17, 18]. A recent study of 9/11 responders reported that per-
sons with active PTSD were 2.6 times more likely and those
with remitted PTSD 1.8 times more likely than unaffected
responders to report having fair/poor overall health status
after adjusting for depression and other covariates [6]. In
other previous studies of 9/11-exposed populations, those
with PTSD and depression, or those with PTSD and lower
respiratory symptoms were more than two times as likely as
patients with PTSD alone to report > 14 unhealthy days in
the last 30 days [5, 17]. However, research examining the
extent to which comorbid depression, anxiety, and chronic
physical conditions affect the association between PTSD
trajectory and HRQOL has been limited.

This report addresses two objectives: (1) to estimate the
burden of medical morbidity by 9/11-related PTSD trajec-
tory group a decade after 9/11; and (2) to estimate the impact
of physical and mental health comorbidities on the associa-
tion between 9/11-related PTSD trajectories and HRQOL.
In this study we hypothesized that the prevalence of comor-
bid depression and/or anxiety, as well as comorbid physical
health conditions would be higher among those who had
more years of PTSD symptoms than those who had fewer
years of symptoms. Individuals with PTSD who have comor-
bid psychological and physical health conditions would have
significantly worse quality of life 10 years after the 9/11
disaster than those without comorbidity.

Methods
Study sample

Data came from the WTC Health Registry (‘“Registry”), a
longitudinal closed cohort study created in 2002 as a public
health response to 9/11 [27]. A total of 71,431 individu-
als who lived, worked, or went to school in the area of the
WTC disaster on 9/11, or were involved in rescue and recov-
ery work were enrolled on a voluntary basis in 2003—-2004
(Wave 1, W1) [27]. Enrollees were either identified through
lists provided by employers, government agencies, and other
entities (30%), or they responded to an outreach campaign
(70%). This study used data from W1 and two follow-up sur-
veys conducted in 2006-2007 (Wave 2, W2) and 2011-2012
(Wave 3, W3). Of the 68,672 people aged > 18 years on
9/11/2001 who enrolled in the Registry (W1), 35,857
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(52.5%) participated in the next two follow-up surveys (W2
and W3). After excluding proxy responses (n=2309), enroll-
ees reporting physician-diagnosed pre-9/11 PTSD (n=497),
enrollees missing items on the self-reported PTSD Check-
list (PCL) assessment at any wave, or missing values on
HRQOL measures, depression, and anxiety assessments at
W3 (n=5049), the final sample was 30,002.

The Centers for Disease Control and Prevention (CDC)
and the NYC Department of Health and Mental Hygiene
institutional review boards approved the World Trade Center
Health Registry protocol.

Measures
Health-related quality of life (HRQOL)

HRQOL, the outcome of interest, was assessed at W3 using
the CDC HRQOL 4-item Healthy Days Measure (CDC
HRQOL-4) [28, 29]. The CDC HRQOL-4 assesses an indi-
vidual’s perceived sense of well-being through four ques-
tions: (1) Would you say that in general your health is excel-
lent, very good, good, fair, or poor?; (2) Thinking about
your physical health, which includes physical illness and
injury, for how many days during the last 30 days was your
physical health not good?; (3) Thinking about your mental
health, which includes stress, depression, and problems with
emotions, for how many days during the last 30 days was
your mental health not good?; and (4) For about how many
days did poor physical or mental health keep you from doing
your usual activities during the last 30 days? These HRQOL
measures have been shown to have good validity and reli-
ability [28, 29].

Based on response to above questions, three indicators
of poor HRQOL were derived for use in this study to assess
different aspects of HRQOL [28]: (1) general health status,
dichotomized into poor or fair vs. good, very good, or excel-
lent, to signify overall self-rated health; (2) unhealthy days
(the sum of physical and mental unhealthy days), with a
logical maximum of 30 unhealthy days (Centers for Disease
Control and Prevention) (> 14 vs. < 14 days), to measure
recent physical symptoms and/or mental distress ; and (3)
activity limitation days (> 14 vs. < 14 days), to indicate per-
ceived disability as well as lower productivity [28, 29].

Post-9/11 PTSD trajectory

Post-9/11 probable PTSD trajectory was the main predic-
tor of interest. Probable PTSD was assessed at each wave
using the PTSD Checklist-Specific (PCL-S), a 17-item
self-reported symptom scale, which referred specifically
to the events of 9/11. The 17 PCL-S items correspond to
the three PTSD symptom clusters (re-experiencing, avoid-
ance, hyperarousal) from the Diagnostic and Statistical

Manual of Mental Disorders (DSM-1V) [30]. The PCL-S
is a well-validated measure and has good temporal stability,
internal consistency (a > 0.75), test-retest reliability (cor-
relation coefficient, r=0.66), and high convergent validity
(r=0.58-0.93) [31]. Enrollees were asked to rate the degree
to which they were bothered by symptoms in the past 30
days from 1 (not at all) to 5 (extremely). Responses to the
17 items were summed, for a total score of 17 to 85. Prob-
able PTSD (subsequently referred to as PTSD) was defined
as a PCL-S score >44 (overall diagnostic efficiency =0.90,
sensitivity =0.94, and specificity =0.86) [32], with at least
one re-experiencing symptom (DSM-IV criterion B), three
avoidance symptoms (DSM-IV criterion C), and two hypera-
rousal symptoms (DSM-IV criterion D) [33]. In the present
sample, the internal consistency was excellent (Cronbach’s
alpha=0.95). Enrollees were further categorized into four
trajectory groups based on their PTSD status across waves:
(1) chronic (W1+ and W3+); (2) delayed (W1— and W3+);
(3) remitted (W14 or W2+) and W3—-); and (4) no PTSD
(W1-—and W2— and W3-).

Other covariates

The main confounders included in multivariate analyses
were mental health (depression and/or anxiety, referred to
as depression/anxiety) and physical health comorbidity.
Current depression was measured at W3 using the 8-item
Patient Health Questionnaire (PHQ-8) and defined as a
PHQ-8 score > 10 (positive predictive value =96.5%) [34].
The PHQ-8 consists of eight out of nine criteria on which
a DSM-IV depression diagnosis is based [30]. Anxiety was
measured at W3 using the 7-item Generalized Anxiety Dis-
order Scale (GAD-7) and defined as a GAD-7 score > 10
(internal consistency, a=0.92; intra-class correlation=0.83)
[35]. Both the PHQ-8 and GAD-7 ask enrollees to rate how
often they were bothered by a symptom during the last
2 weeks on a 4-point scale from 0 (not at all) to 3 (nearly
every day).

Physical health comorbidity was defined based on self-
report of any of 18 physician-diagnosed medical conditions
at W3. These conditions included respiratory problems
(asthma, reactive airways dysfunction syndrome (RADS),
emphysema, chronic bronchitis, pulmonary fibrosis, or
asbestosis), cardiovascular problems (hypertension, heart
attack, angina, coronary heart disease, or stroke), autoim-
mune and endocrine problems (diabetes, theumatoid arthri-
tis, multiple sclerosis, amyotrophic lateral sclerosis, lupus,
scleroderma, polymyositis, or thyroid), gastroesophageal
reflux disease, and sarcoidosis.

Other covariates included in the multivariate analy-
ses were sociodemographic characteristics, Registry
enrollee eligibility group (rescue/recovery workers and
volunteers vs. community members), and social support.
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Sociodemographic characteristics included age, gender,
race/ethnicity, body mass index (BMI), physical activ-
ity, smoking history (current, former, never), household
income (< $75,000 vs. >$75,000), and employment status
(unable to work due to poor health, retired, unemployed/
other, employed). A social support measure covering mul-
tiple dimensions (e.g., emotional and tangible support) was
assessed at W3. Respondents rated five items, including
whether someone was available when needed to take them to
the doctor, have a good time with, hug them, prepare meals,
and understand their problems using a five-point scale from
none (0) to all (4) of the time. The five items were summed,
with a total score ranging from 0 to 20. The total score was
then used to create a four-level social support variable cat-
egorized as none or little (0-5), some (6—10), most (11-15),
or all (16-20) of the time.

Statistical analysis

We first described the study population using frequency and
proportions. We then computed age-adjusted (2000 U.S.
Standard Population) prevalence of overall and individual
comorbidity for all studied individuals and by 4-level PTSD
trajectory using SAS-callable SUDAAN. Overall comorbid-
ity was defined based on the presence of any depression
or anxiety and any of the physical health conditions and
categorized into 4 groups: comorbid physical and mental
conditions, comorbid depression and/or anxiety alone, any
comorbid physical condition alone, and no comorbidity. To
examine the association between PTSD trajectory and each
of the three indicators of poor HRQOL, we used modified
Poisson regression with a robust error variance [36] to esti-
mate the prevalence ratios directly. In multivariate analy-
ses, we assessed the independent association between PTSD
trajectory and each of the HRQOL indicators, respectively,
in two separate analyses. Analysis 1 did not include physi-
cal and mental health comorbidity, and Analysis 2 included
comorbidity, both analyses adjusted for sociodemographic
characteristics, Registry eligibility group, and social support.
In Analysis 2, comorbidity was represented as a 16-level cat-
egorical independent variable which combined PTSD trajec-
tory and overall comorbidity status; the no-PTSD group with
no comorbidity was the referent.

Sensitivity analysis

Knowing that W3 non-participants were more likely to be
younger, less educated, to have lower household income,
and higher prevalence of 9/11-related PTSD compared to
W3 participants [37], we conducted a sensitivity analysis
to explore the potential impact of selection bias resulting
from loss to follow-up. Specifically, we repeated Analysis
2 among W3 non-participants who participated in W2 and
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met similar inclusion criteria such as age > 18 years on 9/11
and no pre-9/11 PTSD (Supplementary Table 1). Due to
lack of PHQ-8 and GAD-7 data at W2, we instead used self-
reported physician-diagnosed depression and anxiety. Addi-
tionally, information on some physical health conditions and
social support was not available for the sensitivity analysis.

All analyses were performed in SAS Version 9.4 (SAS
Institute, Inc., Cary, NC). Statistical significance was set at
a two-sided 0.05 alpha level.

Results

Table 1 describes the sociodemographic characteristics of
the study sample (n=30,002) at W3. The study enrollees
were predominantly 45-64 years old (61.6%), male (63.0%),
non-Hispanic white (74.2%), employed (69.0%), never
smokers (56.1%), physically active (75.4%), overweight or
obese (70.7%), community members (51.7%), had an annual
household income > $75,000 (60.4%), and frequent social
support (76.4%). Most (65.6%) enrollees reported at least
one of the 18 physical health conditions, and 19.0% had
depression or anxiety at W3.

Age-adjusted prevalence of overall comorbidity by PTSD
trajectory is depicted in Fig. 1. The age-adjusted prevalence
of comorbid physical and mental health conditions was high-
est in the chronic PTSD (68.6%), followed by the delayed
(57.2%), remitted (23.8%), and no-PTSD groups (5.1%). In
contrast, the age-adjusted prevalence of no comorbidity was
highest in the no-PTSD group (38.6%), and lowest in the
chronic PTSD group (4.2%).

Age-adjusted prevalence of individual comorbidity in
the study sample is shown in Table 2. The age-adjusted
prevalence was 14.9% for depression and 12.1% for anxi-
ety. Hypertension (32.3%), gastroesophageal reflux disease
(21.4%), and asthma (19.6%) were the physical conditions
with the highest age-adjusted prevalence. When stratified
by PTSD trajectory, the prevalence of each of the mental or
physical health conditions listed except for coronary heart
disease and heart attack was highest for the chronic PTSD,
followed by delayed PTSD, remitted PTSD, and the lowest
for the no-PTSD group. The prevalence ratio of chronic to
no-PTSD groups ranged from 1.4 for hypertension to 15.1
for anxiety (Table 2).

Overall, 23.5% of enrollees reported having poor or
fair health status, 32.3% reported > 14 unhealthy days, and
11.9% reported > 14 activity limitation days at W3 (data not
shown). The prevalence of each indicator of poor HRQOL
was highest among those with chronic PTSD (67.4% poor
or fair health status, 83.5% > 14 unhealthy days, and 48.5%
> 14 activity limitation days) and lowest among those with
no PTSD (15.3% poor or fair health status, 22.3% > 14
unhealthy days, and 6.3% > 14 activity limitation days).
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Table 1 Characteristics of study population at Wave 3 (N=30,002)

N (%)*

Age, years

25-44 7671 (25.6)

45-64 18,469 (61.6)

>65 3862 (12.9)
Gender

Male 18,892 (63.0)

Female 11,110 (37.0)
Race/ethnicity

Non-Hispanic white 22,263 (74.2)

Non-Hispanic black 2589 (8.6)

Hispanic 2996 (10.0)

Asian and others 2154 (7.2)
Annual household income in 2010, $

<75,000 10,538 (35.1)

>75,000 18,132 (60.4)
Employment status

Unable to work due to health 1834 (6.1)

Retired 5296 a17.7)

Unemployed and other 2072 (6.9)

Employed 20,710 (69.0)
Smoking status

Current 3012 (10.0)

Former 10,081 (33.6)

Never 16,830 (56.1)
Physical inactivity during last month

Yes 7229 24.1)

No 22,633 (75.4)
Body mass index (BMI)

>30 (Obese) 9562 (31.9)

25 to <30 (Overweight) 11,632 (38.8)

<25 (Normal/underweight) 8396 (28.0)
Perceived social support

None-to-little 2565 (8.5)

Some of the time 4477 (14.9)

Most of the time 8466 (28.2)

All of the time 14,457 (48.2)
Registry enrollees

Rescue/recovery workers 14,488 (48.3)

Community members 15,514 (51.7)
PTSD trajectory

Chronic 1749 (5.8)

Delayed 2139 (7.1)

Remitted 2901 9.7)

No PTSD 23,213 (77.7)
Ever reported physical health condition 19,691 (65.6)
Depression or anxiety 5709 (19.0)

PTSD posttraumatic stress disorder

*May not sum to 100% due to missing values

When stratified by overall comorbidity status, the prevalence
of each of the three indicators of poor HRQOL decreased as
PTSD improved. For each PTSD trajectory group, those with
physical and mental health comorbidity were most likely to
report poor HRQOL and those with no comorbidities were
least likely.

In multivariate analyses, adjusting for socio-demograph-
ics, Registry eligibility group, and social support (Table 3),
PTSD trajectory was independently associated with each of
the three indicators of poor HRQOL. In Analysis 1 without
accounting for comorbidity, the adjusted prevalence ratio
(APR) for each indicator of poor HRQOL was truncated
but remained significant, with an APR ranging from 1.8
to 3.3. Individuals with chronic PTSD had elevated risk of
poor or fair health status (APR 2.2; 95% CI 2.1, 2.3), > 14
unhealthy days (APR 2.3; 95% C1 2.2, 2.4), and > 14 activ-
ity limitation days (APR 3.3; 95% CI 3.1, 3.7) compared to
the no-PTSD group. Similar associations were observed for
delayed PTSD.

When physical and mental health comorbidity status was
accounted for in Analysis 2 (Table 3), the APR increased
to 7.3 for poor or fair health status (95% CI 6.5, 8.2), 4.7
for > 14 unhealthy days (95% CI 4.4, 5.1), and 9.6 for > 14
activity limitation days (95% CI 8.1, 11.4) in those with
chronic PTSD who also had comorbid physical and men-
tal health conditions compared to the no-PTSD group that
had no comorbidity. The highest risk for poor HRQOL was
observed among those with both physical and mental health
conditions, followed by comorbid mental health conditions
alone and comorbid physical health conditions alone; the
lowest risk was found among those with no comorbidity.
Similar risk estimates for poor HRQOL were also observed
among those with delayed PTSD.

In conducting the sensitivity analysis, we found attenu-
ated but significant associations between PTSD trajectory
and each of the three HRQOL indicators, when account-
ing for physical and mental health comorbidity. The APR
was 5.5 for poor or fair health status (95% CI 4.7, 6.5), 4.3
for > 14 unhealthy days (95% CI 3.9, 4.8), and 8.3 for > 14
activity limitation days (95% CI 6.5, 10.6) for individuals
with chronic PTSD who also had comorbid physical and
mental health conditions compared to the no-PTSD group
that had no comorbidity (Supplementary Table 1).

Discussion

More than a decade after 9/11, a substantial proportion of a
cohort of persons exposed to the 9/11 disaster reported sig-
nificant physical and mental health comorbidity and dimin-
ished HRQOL, particularly among those with PTSD. The
results of this study can be best summarized through three
main findings. First, the physical and mental health burden
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Fig. 1 Age-adjusted prevalence 100%

R 4.2
of overall comorbidity status by 7.7
PTSD trajectory 90% 20.7
80% 38.6
70%
60%
50%
40%
49.2
30%
0,
20% 53.6
10% 238
No PTSD Remitted Delayed Chronic
H Both physical and depression/anxiety m Depression/anxiety only
Any physical condition only No comorbidities

Table 2 Age-adjusted prevalence of physical and mental health comorbidity by PTSD trajectory (N=230,002)*

All PTSD trajectory Prevalence ratio
(chronic/no PTSD)

Chronic Delayed Remitted No PTSD

Mental health condition at Wave 3

Depression (PHQ-8 score > 10) 14.9 77.2 64.0 23.4 5.5 14.0
Anxiety (GAD-7 score > 10) 12.1 66.4 50.9 18.3 4.4 15.1
Ever reported physical health condition
Gastroesophageal reflux disease 21.4 39.4 36.0 27.0 18.2 22
Sarcoidosis 1.0 1.9 1.8 1.4 0.9 2.1
Respiratory problem
Asbestosis 0.6 2.0 1.6 0.6 0.4 5.0
Asthma 19.6 35.0 29.8 26.7 16.9 2.1
Chronic bronchitis 8.7 23.0 20.7 13.9 6.2 3.7
Emphysema 4.2 10.8 10.4 55 3.1 35
Pulmonary fibrosis 0.8 34 2.0 1.4 0.5 6.8
Reactive airway dysfunction syndrome or RADS 3.6 10.7 9.5 5.1 24 4.5
Cardiovascular problem
Angina 24 6.4 4.2 3.0 1.9 34
Coronary heart disease 4.6 7.3 7.8 5.0 4.1 1.8
Heart attack 2.7 4.6 4.9 34 24 1.9
Hypertension 323 43.7 41.4 37.1 30.2 1.4
Stroke 1.5 3.0 2.5 1.9 1.3 2.3
Autoimmune and endocrine disorders
Diabetes 8.7 15.6 11.9 11.9 7.6 2.1
Multiple sclerosis or amyotrophic lateral sclerosis 0.6 0.8 0.7 0.7 0.5 1.6
Rheumatoid arthritis 6.0 15.1 10.7 9.5 4.6 33
Other autoimmune disorders (e.g., lupus, sclero- 2.7 6.0 4.3 3.4 23 2.6
derma, polymyositis)
Thyroid disease 7.9 12.1 10.8 9.5 7.2 1.7

PTSD posttraumatic stress disorder

They are not mutually exclusive
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Tal?le 3 Adjusted prevalf:nce N APR (95% confidence interval)?
ratio (APR) of PTSD trajectory
with poor HRQOL by physical Fair/poor general health > 14 Unhealthy days® > 14 Activity
and mental comorbidity among limitation
adult WTCHR enrollees days®
(N=30,002)
Analysis 1°
Probable PTSD at Wave 3
Chronic 1749 2.2(2.1-2.3) 2.3(2.2-2.4) 3.3 (3.1-3.7)
Delayed 2139 2.2 (2.1-2.3) 2.3(2.3-2.5) 3.1(2.9-3.4)
Remitted 2901 1.8 (1.7-1.9) 1.8 (1.7-1.9) 1.8 (1.6-2.0)
No PTSD 23,213 Referent Referent Referent
Analysis 2
Comorbid both®
Chronic PTSD 1240 7.3 (6.5-8.2) 4.7 (44-5.1) 9.6 (8.1-11.4)
Delayed PTSD 1270 7.3 (6.5-8.2) 4.8 (4.5-5.2) 9.1 (7.7-10.7)
Remitted PTSD 719 7.1(6.3-8.1) 4.7 (4.3-5.1) 7.3 (6.1-8.8)
No PTSD 1265 6.3 (5.6-7.1) 4.6 (4.3-4.9) 7.1(6.0-8.4)
Comorbid depression/anxiety only
Chronic 227 6.4 (5.5-7.5) 5.1 (4.6-5.6) 8.8 (7.0-11.1)
Delayed 273 6.0 (5.1-7.1) 5.2 (4.8-5.7) 8.8 (7.0-11.1)
Remitted 173 4.5(3.5-5.8) 4.3 (3.8-4.9) 5.0(3.4-7.4)
No PTSD 538 3.9(3.34.7) 4.4 (4.0-4.9) 5.1(3.9-6.5)
Comorbid physical condition only
Chronic 211 6.8 (5.7-8.0) 3933444 5.3 (3.9-7.0)
Delayed 434 6.5 (5.7-7.5) 3.8(3.44.1) 5.3 (4.2-6.7)
Remitted 1478 5.6 (4.9-6.3) 3.1(2.8-3.3) 33(2.74.1)
No PTSD 13,070 3.4 (3.1-3.8) 1.8 (1.7-1.9) 2.2(1.9-2.6)
Comorbid neither
Chronic 71 4.1(2.8-6.1) 3.5(2.74.5) 3.4 (1.8-6.8)
Delayed 158 4.5(3.3-6.1) 3.1 (2.6-3.8) 3.8 (2.4-6.0)
Remitted 531 2.6 (2.0-3.3) 2.1(1.8-2.4) 1.8 (1.2-2.8)
No PTSD 8340 Referent Referent Referent

PTSD posttraumatic stress disorder

*Adjusted for sociodemographic characteristics (age, gender, race, income, employment status, physical
activity, BMI, smoking status), Registry eligibility group and social support

®> 14 unhealthy or > 14 activity limitation days in the last 30 days

“The multivariate analyses did not include physical and mental health comorbidity

4The multivariate analyses included physical and mental health comorbidity

¢Comorbid both depression/anxiety at Wave 3 and any of ever reported physical health conditions

among those with PTSD is striking and worsens over the
period of chronic PTSD symptoms. Second, active PTSD
(chronic and delayed), regardless of the duration, was sig-
nificantly associated with each of three indicators of poor
HRQOL, independent of sociodemographic characteristics,
social support, and comorbidity. Third, the magnitude of the
effect of PTSD trajectory on each of the HRQOL indicators
varied depending on the presence of physical and mental
health comorbidity after adjusting for covariates.

The physical and mental health burden among
9/11-exposed individuals was significant years after expo-
sure, particularly among those with chronic PTSD. Of

numerous physical and mental health conditions examined,
the age-adjusted prevalence among the entire study popula-
tion was higher than in the general population for a number
of conditions: depression (14.9 vs. 8.2%) [38], asthma (19.6
vs. 8.4%) [39], chronic bronchitis (8.7 vs. 4.4%) [40], and
pulmonary fibrosis (0.8 vs. 0.04-0.06%) [41]. When age-
adjusted prevalence of health conditions was stratified by
PTSD trajectory, enrollees with chronic PTSD were 14 to
15 times more likely to have depression or anxiety at W3,
and 1.4 to 6.8 times more likely to have ever reported physi-
cal health conditions (1.4 for hypertension and 6.8 times for
pulmonary fibrosis) than those with no PTSD. The higher
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prevalence of physical and mental health conditions in this
study is consistent with the existing 9/11 literature docu-
menting the impact of exposure on adverse health outcomes.

Early data from the National Comorbidity Survey
revealed that more than one-third of individuals with PTSD
failed to recover, even after many years [7]. Similarly, one-
third of our study population remained symptomatic over a
nearly 10-year period of follow-up. Consistent with other
studies [6, 19], we also found that PTSD symptoms were
significantly associated with impaired HRQOL.

However, the effect of PTSD trajectory on HRQOL was
largely impacted by physical or mental health comorbidi-
ties in this study. Depression/anxiety and physical health
conditions amplify the adverse effect of PTSD symptoms
on quality of life. Those with chronic or delayed PTSD and
comorbid physical and mental health conditions experienced
the greatest decrement in HRQOL, followed by those with
a mental or physical health condition alone. Chronic and
delayed PTSD did not appear to be differentially associ-
ated with either of the poor HRQOL indicators; this sug-
gests that in the presence of PTSD, HRQOL may be more
strongly influenced by comorbid conditions than the dura-
tion of PTSD. Notably, the comorbid depression/anxiety
has a greater impact on the PTSD-HRQOL (specifically,
unhealthy days and activity limitation days) associations
than comorbid physical health condition only. These high-
risk groups may have more severe health problems or con-
ditions that are not being well managed or treated. Under-
standing and mitigating the impact of the co-occurrence of
two or more health conditions on PTSD trajectory and poor
HRQOL has important implications for treatment planning
and future disaster preparedness and response.

One of the HRQOL impairment indicators, activity limi-
tation, emerged as an important issue in the population stud-
ied. Frequent limited activity is a major source of health and
economic burden at both the individual and societal level
[42, 43]. In the present study, individuals with chronic and
delayed PTSD and comorbid physical and mental health
conditions experienced nine times the risk of activity limi-
tation (> 14 in the last 30 days) compared to those without
PTSD and comorbidity, further highlighting the debilitating
effects of comorbidity. A previous study using Registry data
found that co-occurring PTSD and respiratory illness was
significantly associated with premature labor force exit and
lower income [44]. As such, our findings may have broad
public health and economic implications. It is important to
understand the magnitude of comorbidity’s impact on the
HRQOL of those with PTSD, and to account for multiple
comorbidities when providing clinical care to patients with
PTSD. This also underscores the importance of integration
of physical and mental health care.

Research has shown that improvement in PTSD symp-
toms can result in better HRQOL [6]. In this study, improved
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HRQOL (reduced poor or fair health status and decreased
unhealthy days) among those with remitted PTSD was
observed in those with comorbid mental or physical health
conditions alone and in those with neither comorbidity, but
not in those with both mental and physical comorbid condi-
tions. Thus, multiple comorbidities are an important factor
in HRQOL impairment among individuals with remitted
PTSD.

There are several strengths to this study. This is the first
9/11 study to assess the association between PTSD trajec-
tory and HRQOL, and how the magnitude of the association
changes in the presence of physical and/or mental health
comorbidity 10-11 years after 9/11. In assessing comor-
bidity, this study examined numerous physical and mental
health conditions, including depression, anxiety, and 18 phy-
sician-diagnosed physical health conditions. Furthermore,
the study population included both first responders and sur-
vivors from the affected area, broadening the external valid-
ity of the findings. Lastly, the large post-disaster population
and availability of important demographic covariates and
other HRQOL risk factors offer sufficient power to exam-
ine the association between post-9/11 PTSD trajectory and
HRQOL.

The findings in this study are subject to some limitations.
First, our findings may be distorted by potential selection
bias resulting from loss to follow-up if attrition is related to
both the exposure and outcome under study [45, 46]. The
results of sensitivity analysis on the associations between
PTSD trajectory and HRQOL, accounting for comorbid
physical and mental health conditions, were significant and
in the same direction as in our complete case analysis. But
the results among W3 non-participants (Supplementary
Table 1) were attenuated, suggesting attrition may have
influenced the results and that those lost to follow-up may
be healthier than those who chose to stay in the study. A
second limitation is the reliance on self-report to identify
mental and physical health conditions. However, the use of
validated, standardized questionnaire measures to identify
mental disorders (i.e., PTSD, depression, and anxiety) and
HRQOL may help to minimize potential reporting bias.
Lastly, lack of clinical information on treatment (e.g., type
and duration of medication) impeded our ability to control
for these variables in the analysis.

Conclusions

This study quantifies the extent to which comorbid depres-
sion, anxiety, and chronic physical conditions affect the asso-
ciation between 9/11-related PTSD trajectories and HRQOL.
Our findings have implications for both PTSD researchers
and clinicians. The substantial psychological and physical
comorbidity in chronic PTSD patients and its contribution
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to a greater decrement of HRQOL years after the WTC
exposure is a cause for longer-term public health concern.
Early and repeated screening for PTSD and comorbid health
conditions among those exposed to disaster or trauma is an
important component of future disaster response and follow-
up in order to provide services to affected individuals and
an opportunity to prevent and reduce comorbidity. In short,
optimizing functioning and improving HRQOL through
integration of physical and mental health care at both the
individual and community level may be an important tar-
get in the early identification and treatment of PTSD and
comorbidity.
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