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Objectives: Research on the health of workers involved in the cleanup after the attack on the World Trade Center (WTC) on
September 11, 2001, has documented high rates of psychological distress and upper gastrointestinal (GI) symptoms. The current arti-
cle examines the concurrent and longitudinal associations of psychological distress with development of new-onset upper GI symptoms in
a large sample of WTC responders. Methods: A cohort of 10,953 WTC responders monitored by the WTC Health Program partici-
pated in the study. Two occupational groups were examined, police and nontraditional responders. The cohort was free of upper GI
symptoms or diagnoses at their first visit (3 years after September 11, 2001). Logistic regression was used to analyze the relationships
between concurrent and preceding psychological distress symptoms of depression, generalized anxiety, panic, and probable
posttraumatic stress disorder with the development of new-onset upper GI symptoms at 3-year follow-up (6 years after September 11,
2001). Results: Across both occupation groups, psychological distress symptoms at Visit 1 were significantly related to the
development of GI symptoms by Visit 2 (odd ratios ranging from 1.9 to 5.4). The results for the concurrent relationships were similar.
In addition, there were significant dose-response relationships between the number of co-occurring psychological distress symptoms
at Visits 1 and 2, and increased new-onset upper GI symptoms at Visit 2. Conclusions: In this large sample of WTC responders,
psychological distress symptoms assessed at 3 years after 9/11 are related to reporting upper GI symptoms 6 years after 9/11.
Key words: gastroesophageal reflux symptoms, upper gastrointestinal symptoms, WTC, psychological distress symptoms.

BMI = body mass index; GI = gastrointestinal; PTSD = posttraumatic
stress disorder; WTC = World Trade Center; WTC-HP = World Trade
Center Health Program.

INTRODUCTION

he 2001 World Trade Center (WTC) attack led not only to

immediate deaths and injuries on September 11, 2001, but
also to a massive rescue and cleanup effort, involving more than
60,000 police, firefighters, contract workers, and volunteers at
Ground Zero and associated sites. This effort involved the re-
covery of human remains and cleanup of debris over a 9-month
period, an unprecedented traumatic experience for those who
were early responders to the site. Although the 9/11 disaster
is often conceptualized as one event, for those involved in the
cleanup effort, it was actually a series of traumatic events, sus-
tained over months and experienced in the midst of grieving for
lost colleagues and friends. Understanding the relationship be-
tween physical and mental health consequences of this event is
important in the effort to improve the overall quality of life and
well-being of these brave men and women and in assisting others
involved in future catastrophic events.

Upper gastrointestinal (GI) symptoms (which may include
gastroesophageal reflux disease [GERD] or gastroesophageal re-
flux symptoms [GERS]) are among the most prevalent physical
health problems of WTC responders (1,2). Wisnivesky et al. (3)
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reported that the most common GI disorder among WTC re-
sponders is symptoms of GERD and that symptoms of GERD
persist over time. Possible reasons for the development and con-
tinuation of GERD symptoms may be the physical exposures of
9/11 (particles in the air from the debris pile that were ingested as
well as inhaled (4)) and/or the psychological distress experienced
by early responders.

Psychological consequences of the 9/11 disaster have been
reported (3,5), and several studies have examined the relation-
ships between physical and psychological symptoms in WTC site
workers (3,6-8). Brackbill and colleagues (6) reported on 46,000
people enrolled in the WTC Health Registry (responders, persons
with a primary residence in lower Manhattan, and office workers)
and found that 36% of people with postevent asthma also had
probable posttraumatic stress disorder (PTSD). Li and colleagues (7),
using the same registry, reported a higher incidence of GERS for
people with comorbid asthma and/or PTSD. Wisnivesky et al. (3)
reported that 42.7% of patients with GERS seen at the WTC
Medical Monitoring and Treatment Program, now known as the
WTC Health Program (WTC-HP), had at least one mental
health diagnosis (depression, panic, or PTSD) over a 9-year
period. Luft et al. (8) also examined a cohort of patients seen at
the WTC-HP and reported that probable PTSD may mediate the
relationship between WTC exposures and respiratory symptoms.

The theoretical basis for the relationship between psychologi-
cal distress and GI symptoms is well described in Dr. Douglas
Drossman’s (9) article that was adapted from his 1997 presidential
address to American Psychosomatic Society. Using the frame-
work of the biopsychosocial model, it is possible to examine how
environmental exposures, genetic predispositions, and psycholog-
ical factors all affect physical health, including upper GI symp-
toms. In support of this model, previous animal and human
studies have shown changes in colonic motility and upper reflux
symptoms before and after an experimental stressor (9).

In line with these laboratory studies, previous research in
trauma populations, soldiers, and veterans has also demonstrated
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a relationship between psychological distress and GI symptoms
(10-13). Studies of veterans of the Persian Gulf War and the
conflicts in Iraq and Afghanistan have shown that a PTSD diag-
nosis significantly increases risk of digestive disorders (10-12).
Similarly, population-based studies have shown that people with
a history of sexual and physical abuse also have high rates of GI
symptoms (14,15). In addition, previous studies that have fo-
cused on people affected by the WTC attacks specifically have
reported high rates of both upper GI symptoms and psycholog-
ical distress. Given the literature showing high rates of GI
symptoms in other traumatized groups, the high rates of upper
GI symptoms in WTC responders, occurring years after the event,
may be related to the psychological distress emanating from the
9/11 event.

The importance of understanding the relationship between
physical and psychological symptoms in WTC responders is well
recognized (16). Because of the high rates of probable PTSD
reported by other WTC studies, particularly in nontraditional
responders compared with police, along with other studies doc-
umenting that psychological distress not only can complicate care
and amelioration of physical symptoms but also may contribute
to the development of physical health conditions, it is essential
to study both physical and psychological symptoms in these
individuals.

Therefore, this secondary analysis of data from the WTC-HP
examines the relationships between psychological distress symp-
toms and self-reported upper GI symptoms reported during two
visits to the WTC-HP clinic. Specifically, we first examined the
concurrent relationship between psychological distress symptoms
and new-onset upper GI symptoms reported at the second clinic
visit to the WTC-HP. Second, to understand the longitudinal re-
lationship, we examined how psychological distress symptoms
reported at the first clinic visit (on average 3.7 years after 9/11)
increased the risk of reporting upper GI symptoms at a second
clinic visit (approximately 6 years post-9/11), after controlling for
major risk factors such as obesity and smoking (17,18), demo-
graphic factors, WTC exposures, and Visit 2 psychological distress
symptoms. All analyses are stratified by occupation (nontradi-
tional responder versus police responder) because previous anal-
yses of this cohort of WTC responders have shown differences in
psychological distress symptoms between professionally trained
responders, who may have had special training and previous ex-
perience with highly stressful environments, and nontraditional
responders (8,19,20). The current analyses address the following
hypotheses:

*  Psychological distress symptoms reported at Visit 2 will be related
to new-onset upper GI symptoms also reported at Visit 2, in both
occupational groups.

» Psychological distress symptoms of depression, anxiety, panic,
and PTSD at Visit 1 will increase the risk of reporting upper GI
symptoms at Visit 2 in both police and nontraditional responders,
when controlling for psychological distress symptoms reported at
Visit 2.

* Reporting psychological distress symptoms in multiple domains
will increase risk of new-onset upper GI symptoms in both occu-
pational groups.

Psychosomatic Medicine 76:686-693 (2014)

METHODS

Study Population

The WTC-HP was funded by the Centers for Disease Control and Prevention/
National Institute for Occupational Safety and Health to track the health of re-
sponders to the WTC attack in New York City not covered by other federally funded
monitoring programs. The WTC-HP conducted extensive outreach to publicize the
availability of its five centers in New York and New Jersey, including attending union
meetings, mailings, telephone calls, and the use of print and broadcast media.

Institutional review boards at each site approved and monitored compliance
for research procedures and protections of human subjects. All patients seen in
the clinics provided written informed consent at each visit to allow collection of
information for clinical and research purposes. The current sample includes
18,896 responders with information from Visits 1 and 2, and 7% had already de-
veloped upper GI symptoms by Visit 1. All of these records were excluded, re-
sulting in the analysis sample of 10,953 responders who have complete upper GI
symptom data at Visits 1 and 2, after excluding those with a history of upper GI
symptoms either before 9/11/2001 or with onset between 9/11/2001 and Visit 1.
Response rates for the psychological distress variables vary, and the number of
participants with data for these measures at Visits 1 and 2 is included below under
“Materials/Measures” and in Tables 3 and 4, which summarize the logistic re-
gression analyses.

Materials/Measures

The first visit to the WTC-HP occurred approximately 3 to 4 years after
9/11/2001 (mean [standard deviation] = 3.7 [2.2] years), and the second visit oc-
curred approximately 3 years after Visit | (mean [standard deviation] = 6.3
[1.9] years after 9/11). During both visits to the clinic, participants provided an
extensive medical history (including questions about upper GI symptoms), a
physical examination, and self-report questionnaires assessing demographic infor-
mation and psychological symptoms. Exposure information was obtained at Visit 1.

Upper GI Symptoms

During the medical history, the physician asked the participant if he/she had
received a diagnosis of GERD from a physician after 9/11/2001. As noted
above, responders who reported a diagnosis of GERD at Visit 1 were excluded
from the analysis. To corroborate the patients’ self-reported GERD diagnosis at
Visit 2, this information was compared with self-reported upper GI symptom data
that were also ascertained at Visit 2. Both heartburn and reflux into the mouth were
reported significantly more in the group of patients who self-identified as having
a GERD diagnosis at Visit 2 (odds ratio [OR] = 7.9, 95% confidence interval [CI] =
6.7-9.3, p <.001 for heartburn; OR = 10.5, 95% CI=8.8-12.5, p < .001 for reflux
into mouth). Because we do not have verification of GERD diagnoses, we con-
servatively characterize this group as patients who developed new-onset upper GI
symptoms at Visit 2. Of the total sample of 10,953 participants, 15.6% reported
new-onset upper Gl symptoms reported at WTC-HP clinic Visit 2, and 33.5% and
26.9% self-reported heartburn and reflux symptoms at Visit 2, respectively.

Demographic and Exposure Information

During Visit 1, the physician completed a physical examination, computed
body mass index (BMI) to assess obesity (defined here as BMI of 30+ kg/m?),
and ascertained smoking history and exposure information (length of time and
dates the patient worked on the site, as well as work site locations and exposures
to bodily remains, dust, and search/rescue operations). In addition, each patient
completed a demographic questionnaire. See Table 1 for demographic and ex-
posure variables included in the analyses.

Psychological Distress Symptoms
Participants completed the following self-report questionnaires during
Visits 1 and 2.

1. Depression Symptoms: Depression symptoms were assessed using the Patient
Health Questionnaire (PHQ-9) ((21), which measures the cardinal symptoms of
major depression rated for the last 2 weeks and scored on a 4-point scale (0 =not
at all to 3 = nearly every day; range for continuous score, 0-27). Scores below
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TABLE 1. Baseline Demographic Characteristics and 9/11 Exposures by Occupational Group

Nontraditional Responders

Police Responders

No Upper Gl Upper Gl Symptoms p No Upper Gl Upper Gl Symptoms p

Symptoms (n =4613) (n=956) Level Symptoms (n=4683) (n=701) Level

Work status, % full time 721 56.6 <.001 83.0 76.0 <.001
Education, % some college or more 75.2 72.5 31 96.4 98.4 43
Sex, % female 123 18.2 <.001 14.5 17.1 .07
Marital status, % married 80.5 80.5 .99 83.7 83.8 .98
Income, % >$60,000 46.8 37.7 <.001 75.1 72.7 19
Race, % white 77.2 80.6 .06 79.1 81.4 .22
Age on 9/11/01, M (SD), y 40.5 (9.8) 40.9 (9.5) .20 36.5 (6.9) 36.9 (6.8) 17
BMI, % obese 36.5 40.7 .06 42.4 47.6 .03
Smoking, % current 19.7 21.9 17 9.1 8.5 73
Arrival date on 9/11/01, % 31.6 30.0 43 59.5 62.2 .22
Dust on 9/11, % yes 12.8 12.4 .75 27.0 27.8 .22
Human remains, % yes 36.3 35.8 .78 62.8 62.6 .93
Search/Rescue, % yes 5.5 6.6 .20 171 20.5 .03
Work long hours, % >75 percentile 25.2 27.3 A7 21.1 22.5 .38
Work site 9/11, % on/near pile 90.0 92.5 .03 84.4 85.9 32
Years between 9/11 and Visit 1, M (SD) 3.9 (2.0) 4.4 (1.9) <.001 4.9 (2.0) 4.9 (1.9) .55

GI = gastrointestinal; BMI = body mass index.
New-onset GI symptoms were determined at Visit 2.

2.

3.

4,

S.

5 indicate no depression; 5 to 9, mild depression; 10 to 14, moderate depression;
15 to 19, moderately severe depression; and 20+, severe depression (21). A
dichotomous measure for depression was used in the analyses: none/mild
versus moderate/severe depression (21).

a. The current data set includes 9653 participants who have depression
scores at Visit 1 and 5243 who have depression scores at Visit 2.

Generalized Anxiety Symptom: The symptoms of anxiety was based on
responses to the following PHQ item: “Over the past 2 weeks, how often
were you bothered by feeling nervous, anxious, or on edge?” (22). The rating
scale was the same as for the depression item, but a dichotomized variable was
used in the analyses (not at all versus several days/more than half the days/
nearly every day).

a. There are 10,377 participants who have data on this anxiety question
at Visit 1 and 5520 who have data from Visit 2.

Panic symptoms: To determine whether participants were experiencing symp-
toms of panic disorder, the five panic items from the PHQ were used (must have
endorsed yes to panic attacks and responded yes to 2 of the 4 remaining ques-
tions (21,23)).

a. There are 10,241 participants who have data on this panic scale at
Visit 1 and 5551 participants who have data from Visit 2.

Probable PTSD symptoms: The civilian version of the PTSD Checklist
(PCL) (24) was modified to anchor responses to WTC-related experiences.
The PCL is a widely used and validated measure that assesses the 17 DSM-
IV criterion symptoms of PTSD over the last month, which are rated from 1
(not at all) to 5 (extremely). These items include “Repeated, disturbing
memories, thoughts or images”; “Feeling very upset when something
reminded you of a stressful experience”; and “Feeling emotionally numb or
being unable to have loving feelings for those close to you.” The total PTSD
score is calculated by summing the 17 items (range, 17-85). Probable PTSD
was defined as a score of 50 or greater, which has been used in previous
WTC studies assessing PTSD (8).

a. There are 10,433 participants who have PTSD total scores from Visit
1 and 9893 who have data from Visit 2.

The total number of co-occurring psychological distress symptoms ratings
exceeding established cut-points reported at Visits 1 and 2 (composite
distress index): The cut-points are as follows: 10+ on the PHQ-9 depression
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measure, presence of generalized anxiety, met the criteria for panic disorder,
and a score of 50+ on the PCL. Thus, the composite distress index ratings
have a range of 0 to 4 and were computed for psychological distress reported
at Visits 1 and 2.

Statistical Analysis

The data were analyzed using SPSS Version 19, and graphs were generated
using both SPSS V.19 and Microsoft Excel 2010. Previous studies on WTC re-
sponders documented significant differences with regard to health outcomes and also
WTC exposures between police and nonpolice for psychological distress symp-
toms (3,8,19); therefore, as noted earlier, the analyses stratify on occupation.

To validate the upper GI symptoms question asked at Visit 2, ORs with
95% Cls were computed to examine how this variable was related to the presence
of two classic upper GI symptoms: heartburn and reflux into the mouth.

x> Test and analysis of variance were used to examine the demographic and
exposure covariate measures, stratified by occupation on 9/11 (Table 1). Before
the main hypothesis was tested, nonparametric Spearman p correlations were
computed between the categorical psychological distress measures to ensure that
these variables are assessing distinct constructs (Table 2). These covariates were
entered into the logistic regression models for the primary analyses examining how
psychological distress affects new-onset upper GI symptoms.

To test the concurrent relationship between psychological distress symp-
toms and new-onset upper GI symptoms reported at Visit 2, multivariate
logistic regression was used that controlled for the demographic and exposure
covariates listed in Table 1 and psychological distress reported at Visit 1. Each
of the psychological distress categorical variables (depression, anxiety, panic,
and probable PTSD symptoms) was analyzed in separate regression models.
The number of co-occurring psychological distress symptoms variables scored
above the published cut-points (composite distress index) was also analyzed in
the same way to determine if there was a dose-response relationship between
number of mental health risk indices and new-onset upper GI symptoms,
adjusting for covariates.

To examine the longitudinal relationship (i.e., the hypothesis that psycho-
logical distress symptoms reported at Visit 1 will increase the risk of new-onset
upper GI symptoms at Visit 2), again multivariate logistic regression analysis
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TABLE 2. Association Between Psychological Measures at 3 and 6 Years After September 11, 2011°

Psychological Distress Symptoms

Depression Symptoms

Anxiety Symptoms  Panic Symptoms  PTSD Symptoms

Psychological distress symptoms  Depression symptoms 0.49
Anxiety symptoms 0.48
Panic symptoms 0.32
PTSD symptoms 0.64

0.50 0.35 0.59
0.41 0.31 0.49
0.29 0.40 0.40
0.44 0.30 0.54

PTSD = posttraumatic stress disorder.

“ Nonparametric Spearman p correlations among categorical psychological distress measures reported at Visits 1 and 2 (all are significant at p < .001). The diag-
onal shaded cells show the longitudinal relationship for each of the psychological symptoms. Above this diagonal are the correlations among the psychological
distress symptoms from the concurrent data collected at Visit 1. Below the diagonal are the concurrent correlations for the Visit 2 data.

was implemented, adjusting for all covariates identified in Table 1 and psycho-
logical distress symptoms reported at Visit 2. Similar to analyses for the concur-
rent relationships, each psychological distress categorical variable was analyzed
in separate regression models.

RESULTS

Table 1 summarizes the demographic characteristics and
WTC exposures for participants with and without upper GI
symptoms, stratified by occupation. Across both occupational
groups, significantly fewer WTC responders with new-onset GI
symptoms currently worked full-time. For nontraditional re-
sponders, there were also significant differences between the GI
groups on sex (more women reported GI symptoms), income,
working on the pile in September 2001, and length of time be-
tween 9/11 and initial WTC-HP clinic visit. For the police group,
responders with new-onset upper GI symptoms were more likely
to be obese and to have worked in search and rescue operations.
Because all the covariates listed in Table 1 are theoretically related
to differences in both psychological distress and presence of
upper GI symptoms, all covariates were included in the logistic
regression analyses described below.

Before examining the concurrent and longitudinal relation-
ships between psychological distress symptoms reported at Visits

1 and 2 and new-onset upper GI symptoms reported at Visit 2,
nonparametric correlations among the categorical psychologi-
cal distress variables were examined. This was to ensure that each
measure of distress was, in fact, assessing a distinct construct.
Table 2 summarizes the nonparametric Spearman p correlations
for the categorical variables assessing depression, anxiety, panic,
and PTSD symptoms. The correlations for the concurrent as-
sessments summarize self-reported data on each of the psycho-
logical construct, as reported at one visit. The concurrent data
from Visit 1 appear above the diagonal line, whereas concurrent
data from Visit 2 are below the diagonal line. Longitudinal data,
self-reported for each psychological construct at both time points,
appear within the diagonal line and are shaded gray. Both the
concurrent and the longitudinal correlations are modest (given
Cohen’s definition of small to moderate correlations) (25). Effect
sizes for the concurrent assessments ranged from 0.29 to 0.64,
with most between 0.3 and 0.4. The effect sizes for the longitu-
dinal assessments were similar, ranging from 0.28 to 0.54. Given
these moderate correlations, each psychological symptom mea-
sure was analyzed in separate logistic regression analyses.

Analysis of Nontraditional Responders
Among nontraditional responders, 17.2% reported new-onset
upper GI symptoms at Visit 2. As shown in Table 3, self-reported

TABLE 3. Nontraditional Responders: Psychological Distress Variables Reported at Visits 1 and 2, for Participants With and Without Upper
GI Symptoms at Visit 2°

No Upper Gl Symptoms

Upper Gl Symptoms

Unadjusted Odds Ratio (95% Cl)  Adjusted Odds Ratios (95% CI)

Depression symptoms at Visit 1
Depression symptoms at Visit 2
Anxiety symptom at Visit 1
Anxiety symptoms at Visit 2
Panic symptoms at Visit 1
Panic symptoms at Visit 2
PTSD symptoms at Visit 1
PTSD symptoms at Visit 2

20.9% (3951)
24.7% (1832)
35.3% (4362)
51.5% (1952)

8.6% (4285)

9.4% (1969)
17.7% (4366)
20.8% (4144)

41.5% (797)
46.2% (407)
57.0% (906)
71.5% (438)
19.0% (879)
24.8% (443)
37.6% (909)
42.8% (821)

2.7 (2.3-3.2)%%x
2.6 (2.1-3.3)%*x
2.4 (2.1-2.8)%*x
2.4 (1.9-3.0)%**
2.5 (2.1-3.1)%*x
3.2 (2.4-4.1)%*x
2.8 (2.4-3.3)%*x
2.9 (2.4-3.3)%*x

2.5 (1.6-4.0)%**
3.2 (1.7-6.2)%*+
2.6 (1.8-3.8)%**
3.1 (1.6-5.9)%*+
1.9 (1.1-3.4)*
3.6 (1.6-8.2)*+
2.3 (1.5-3.5)%*x
3.1 (2.0-4.9)%*+

GI = gastrointestinal; PTSD = posttraumatic stress disorder; CI = confidence interval.

Sample size is in parentheses.
*p <.05, *¥* p <.01, **¥* p <.001.

“ Logistic regression predicting new-onset upper GI symptoms at Visit 2 from each psychological measure. Adjusted odds ratios control for all covariates listed

in Table 1; Visit 2 psychological distress analyses also control for Visit 1 psychological distress.
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psychological distress, reported at Visits 1 and 2, was signifi-
cantly associated with new-onset upper GI symptoms reported at
Visit 2. In addition, there was a significant dose-response rela-
tionship between the composite distress index for psychological
distress reported at Visits 1 and 2 and the risk of new-onset upper
GI symptoms reported at Visit 2 (Fig. 1 [x*(4) =219.1, p <.001]
and Fig. 2 [x*(4) = 50.4, p < .001)).

Analyses of Police Responders

The analyses above were repeated for the sample of partic-
ipants who were police officers on 9/11. Thirteen percent of the
police responders reported new-onset upper GI symptoms at
Visit 2. Compared with the nontraditional responders, Table 4
shows that police responders reported less psychological dis-
tress symptoms for each of the measures during both Visits 1
and 2 to the WTC-HP clinic. Nonetheless, with the exception of
anxiety symptom (reported at Visits 1 and 2) and depression
symptoms (reported at Visit 2), each distress measure was signif-
icantly associated with new-onset upper GI symptoms in the police
responders, for both the concurrent and longitudinal analyses. In
addition, we found significant dose-response relationships for the
psychological distress composite index for both Visits 1 and 2,
and upper GI symptoms, at both Visits 1 and 2 (Fig. 1 [x*(4) =
60.0, p < .001] and Fig. 2 [x*(4) = 25.5, p < .001]).

Rates of Upper GI Symptoms and Psychological

Distress in WTC-HP Compared With Previously

Reported Rates in Epidemiological Samples

Figure 3 compares the Visit 2 self-reported rates of upper GI
symptoms and the measured rates of psychological distress
symptoms found in the current sample with published rates for
the general population (26,27). The first three bars of the figure
show new-onset upper GI symptoms, heartburn, and reflux into the
mouth within the previous 12 months occurring at rates of 15.6%,
33.5%, and 26.9%, respectively. This is compared with a rate of
20% for upper GI symptoms reported in an epidemiological
sample (26). The rates for depression, anxiety, and PTSD for the

Visit 1
40.0%

35.0% I

30.0% I

25.0%
20.0%

Nontraditional

15.0% - .
m Police

10.0% +—
5.0% +—

0.0% -
0 1 2 3 4

Co-occurring Psychological Distress Measures
Figure 1. Dose-response relationship between number of co-occurring psycho-
logical distress measures scored over the published cut-points (composite distress
index) reported at Visit 1 and percentage of participants with new-onset upper GI
symptoms at Visit 2, by occupational group. GI = gastrointestinal.
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Visit 2

50.0%
45.0%
40.0%
35.0%
30.0%
25.0%
20.0% -
15.0% |
10.0%

5.0%

0.0% -

Nontraditional

m Police

0 1 2 3 4
Co-occurring Psychological Distress Measures

Figure 2. Dose-response relationship between number of co-occurring psycho-
logical distress measures scored over the published cut-points (composite distress
index) reported at Visit 2 and percentage of participants with new-onset upper GI
symptoms at Visit 2, by occupational group. GI = gastrointestinal.

current sample for Visits 1 and 2 are compared with the general
population (27) in Figure 3.

DISCUSSION

Given the traumatic events and intense stress surrounding
the 9/11 attacks and the literature linking trauma, psychological
factors, and GI symptoms (28), it is not surprising that many
WTC responders report psychological and upper GI symptoms.
The work environment was fraught with predictable stressors,
such as long work shifts, but also unprecedented stressors, such
as taking part in the search and rescue efforts for friends and
colleagues. In this regard, our findings of elevations in psycho-
logical distress in WTC responders, years after the event, are
similar to those of previously published studies (5,7,19,29).

Our primary finding in this secondary analysis of WTC-HP
data is that psychological distress reported 3 to 4 years after 9/11
increased the risk of reporting new-onset upper GI symptoms,
approximately 6 years after 9/11, in both police and nontradi-
tional WTC responders. In addition, we found that the concur-
rent relationship between psychological distress and upper GI
symptoms reported at Visit 2 is quite similar in strength to the
longitudinal relationship between previous distress predicting
new-onset upper GI symptoms. This is in agreement with find-
ings by Li et al. (7), who reported in a recent retrospective
analysis that the presence of PTSD increases the risk of persis-
tent GERSs. We extend Li and colleagues’ finding by showing
that psychological distress is a risk for the new-onset of upper
GI symptoms, as we had the ability to eliminate participants who
reported a history of GI symptoms, either before 9/11/2001 or
between 9/11 and Visit 1 to the WTC-HP. In addition, the cur-
rent study also documents that, in addition to PTSD, other psy-
chological symptoms of distress are related to new-onset upper
GI symptoms, including depression, anxiety (in nontraditional
responders), and panic. Finally, we found that multiple psycho-
logical distress factors increased risk of upper GI symptoms in a
dose-response fashion, even after controlling for WTC physical
exposure variables, and common variables related to upper GI
symptoms, such as BMI and smoking.
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TABLE 4. Police Responders: Psychological Distress Variables at Visits 1 and 2, for Participants With and Without Upper GI Symptoms at Visit 2“

No Upper Gl Symptoms

Upper GI Symptoms

Unadjusted Odds Ratio (95% Cl)  Adjusted Odds Ratios (95% Cl)

Depression symptoms at Visit 1
Depression symptom at Visit 2

5.8% (4268)
8.2% (2597)
14.8% (4449)
28.6% (2708)
3.4% (4417)
3.6% (2713)
4.8% (4491)
6.1% (4298)

Anxiety symptom at Visit 1
Anxiety symptom at Visit 2
Panic symptom at Visit 1
Panic symptom at Visit 2
PTSD symptoms at Visit 1
PTSD symptom at Visit 2

12.1% (627)
17.2% (407)
22.7% (660)
47.2% (422)

8.0% (660)
12.2% (426)
10.6% (667)
17.5% (630)

2.2 (1.7-2.9)%*x 2.9 (1.3-6.3)**

2.3 (1.7-3.1)%xx 2.5(0.9-6.4)
1.7 (1.4-2.1)%#* 1.7 (0.9-3.1)
2.2 (1.8-2.7)%*x 1.6 (0.8-3.2)

2.5 (1.8-3.4)%*x
3.7 (2.6-5.3)%*+
2.3 (1.8-3.1)%*x
3.2 (2.5-4.1)%*x

4.5 (1.8-11.3)%*+
5.4 (1.8-16.0)**
3.1 (1.4-6.9)**
2.7 (1.3-5.8)*

GI = gastrointestinal; PTSD = posttraumatic stress disorder; CI = confidence interval.

Sample size is in parentheses.
¥ p <.01, ¥*¥* p <.001.

¢ Logistic regression predicting new-onset upper GI symptoms at Visit 2 from each psychological measure. Adjusted odds ratios control for all covariates listed
in Table 1; Visit 2 psychological distress analyses also control for Visit 1 psychological distress.

The analyses were stratified by police occupation because of
previously reported data that police differed from other nontra-
ditional responders with regard to psychological distress, perhaps
due to training and previous experiences, along with the selec-
tion bias of the police academy for psychologically healthy in-
dividuals. All this may have made those in the police group better
prepared to cope with the devastating events that happened on
and after 9/11. The current analyses support this difference, in that
the police group reported lower psychological distress than did
the other responders, consistent with previous reports from this
population (8,29). However, despite the lower rates of psycho-
logical distress in the police group, all the psychological distress
measures rated at Visit 1, except for generalized anxiety, signif-
icantly increased the risk of new-onset upper GI symptoms at
Visit 2. In addition, for both occupational groups, there was a
significant dose-response relationship between the number of
psychological distress factors at Visit 1 and increasing rates of
upper GI symptoms at Visit 2.

Our study shows that the associations between the psycho-
logical distress and upper GI symptoms were consistent across
the two populations. One topic for further study is to longitudi-
nally examine the response to conventional pharmacotherapy
for GERD (proton-pump inhibitors; PPI) in WTC responders, to
ascertain the impact that psychological distress may have in
GERD treatment response.

An important strength of the current study is the large number
of participants who were free of upper GI symptoms at Visit 1,
which allowed us to identify participants with new-onset upper
GI symptoms at Visit 2. Another strength is the use of well-
validated, standardized measures of psychological distress symp-
toms that were assessed both before the onset of and concurrent
with upper GI symptoms. Although these psychological mea-
sures are not intended to be used for diagnosing mental disorders,
they have well-validated, clinically meaningful published cut-
points that can be used in applied research. This current study’s
longitudinal data enabled us to examine how psychological dis-
tress symptoms, experienced after 9/11 but before the development
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of GI symptoms, affect the risk of subsequently developing upper
GI symptoms, after controlling for covariates.

A limitation of the study is the demographic homogeneity
of the sample. Like many samples of WTC responders, our
sample was composed of mostly white, married men. However,
this reflects the composition of those who were involved in the
cleanup effort. Another limitation is the attrition between Visits 1
and 2. It is difficult to determine the reason for missing data from
certain psychological screening questionnaires, given the nature
of this secondary analysis. However, given the large sample size
even after attrition, and the significant findings after control-
ling for many potential confounding variables, these findings
warrant a prospective study designed to explicitly examine
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Figure 3. Comparison of rates of self-reported upper GI symptoms and psycho-
logical distress at Visit 2 in the WTC-HP sample, compared with rates in previous
epidemiological studies. GI = gastrointestinal; WTC-HP = World Trade Center
Health Program; PTSD = posttraumatic stress disorder.
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the relationship between psychological symptoms and upper
GI symptoms in WTC responders.

A second limitation is the reliance on self-report measures,
in the absence of 24-hour pH or endoscopic evidence of GERD
and data on PPI treatment outcomes. This prevents us from
discerning whether our patients who developed upper GI
symptoms have developed excessive acid reflux or a version of
nonerosive reflux disease such as visceral hypersensitivity (the
patient has upper GI symptoms from amounts of reflux con-
sidered normal) or functional heartburn (the patients has no
definable link between heartburn and episodes of reflux). The
latter two alternatives, nicely discussed in an editorial by Sayuk
and Drossman (30), often are associated with a concurrent
psychological condition, in which the presence of psychologi-
cal stress enhances the likelihood of reporting reflux symptoms.
In addition, another limitation is the use of psychological screen-
ing questionnaires, which can only assess symptoms and not
whether the participants meet the criteria for a clinical diagnosis.

Our study shows that four types of psychological symptoms,
when present at Visits 1 and 2, can each play a distinct role,
whether present individually or in concert. Future studies
should address patients similar to ours who have had objective
testing for GERD and/or a well-documented trial of PPI ther-
apy, as well as thorough psychological assessment, to more
specifically identify and separate the causes of newly developed
upper GI symptoms.

Understanding the psychological risk factors that are asso-
ciated with the medical symptomatology in these patients may
help identify individuals who are at risk for developing physical
health conditions, after future traumatic events. In addition, with
the understanding that psychological factors may increase the
risk of upper GI symptoms, we now need to evaluate how these
factors may affect treatment efficacy. Thus, future studies should
also examine how psychological distress may complicate the
course and treatment options for those with GI symptoms.

We are grateful to the WIC rescue and recovery workers for
agreeing to participate in this research project and to the clinical staff’
at the WIC-H.
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