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Background: Gastroesophageal reflux disease is one of the most prevalent conditions
among former World Trade Center (WI'C) rescue and recovery workers. The reason for this
proposed association with an inhalation injury is unclear. In this study, we clinically
characterized the reflux disorders in former WI'C workers, and we investigated their association
with pulmonary function abnormalities and with clinical diagnoses of other WTC-related
diseases. Methods: Forty-two former WI'C workers underwent the following testing: symptom
inventories, physical examination, spirometry, esophagogastroduodenoscopy, and 24-hour pH
monitoring studies for the evaluation of chronic reflux-like symptoms. Patients were classified
into two groups based on clinical evaluation: group 1 (veflux patients) including definitive
reflux disorders (gastroesophageal reflux, nonerosive reflux, nonacid reflux, and laryngopha-
ryngeal reflux diseases) and group 2 (no-reflux patients) patients without clinically significant
reflux disease, including functional heartburn, and hypersensitive esophagus disorder. Results:
The reflux and no-reflux patients had significanily different Johnson-DeMeester scores and
esophageal acid exposure times. Patients with reflux disorders were more likely to have reduced
forced vital capacity (x° = 5 49, P = 0.031) and also more likely to have been diagnosed with
a lower airway disease (x° = 7.1 4 P = 0.008). We found no significant association between
reflux and psychiatric disorders (x° = 0.02, P = 0.89), levels of exposure at the WIC site, or
incidence of dry cough, or other upper airway disorders. Conclusions: A spectrum of reflux
symptoms and disorders are present in WI'C responders. Our data suggest that the presence of
reflux disease is related to that of pulmonary function abnormality suggestive of air trapping
and a diagnosis of a lower respiratory disease. (J Occup Environ Med. 2008;50:
1351-1354)
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astroesophageal reflux disease (GERD)
is one of the most frequently reported
conditions among former World Trade
Center (WTC) rescue and recovery
workers (57.6%)." Our data on this
patient population indicate that reflux
disease is the only major disease cate-
gory (together with lower airway dis-
ease) for which early (ie, within the
first 48 hours) arrival at the WTC
disaster site appears to be a risk factor’
(a similar association has been recently
reported for posttraumatic stress disor-
der?). The reason for this proposed
association with a toxicant inhalation
injury is unclear. A recent report by
Ghanei et al, * described features sugges-
tive of GERD in a long-term follow-up
study of inhalation injury victims.
GERD has been associated with psycho-
logical conditions,*> and with lung func-
tional abnormalities and diseases,®™®
both of which are highly prevalent
among the former WTC workers."

In this study, we characterized clin-
ically the reflux disorders in former
WTC workers, and investigated their
association with pulmonary functional
abnormalities and with clinical diag-
noses of other major WTC-related dis-
ease categories (namely, lower and
upper airway, as well as psychiatric
disease).

Materials and Methods

Patient Population

Patients were evaluated at the
WTC Health Effects Treatment Pro-
gram, a clinical unit established in
January 2003 and dedicated exclu-
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TABLE 1
Criteria for Each Reflux Disorder, and Group (for Analytical Purposes)
Diagnosis pHmetry* EGD SAP/SI Group
GERD Abnormal Abnormal Either (Definite) reflux
Nonerosive reflux disease (NERD) Abnormal Normal Either (Definite) reflux
Nonacid reflux disease (NARD) Normal Abnormal Either (Definite) reflux
Laryngopharyngeal reflux disease (LPR) Abnormal Normal Either (Definite) reflux
Hypersensitive esophagus syndrome (HSE) Normal Normal Correlated (Definite) reflux
No reflux Normal Normal Normal No reflux

EGD indicates esophagogastroduodenoscopy; SAP, symptom association probability; SI, symptom index.

*Abnormal pHmetry,"" except for LPR.2

sively to the provision of diagnostic
and treatment services to former
WTC rescue and recovery workers
and volunteers.' The eligibility crite-
ria were described previously.” The
Mount Sinai School of Medicine In-
stitutional Review Board approved
this review, exempting it from the
requirement for informed consent.

Clinical Evaluation

Physicians’ diagnoses for upper and
lower airway disease, GERD, and psy-
chiatric diseases were based on clinical
symptoms, general, and WTC-related
occupational history, supportive diag-
nostic test data, and/or response to spe-
cific treatment, and have been described
in detail previously.! Forty-two former
WTC workers were selected sequen-
tially to undergo esophagogastroduode-
noscopy and 24-hour pH monitoring
studies (pHmetries, off medications) for
the evaluation of persistent reflux-like
symptoms. pHmetries were per-
formed by the BRAVO capsule'®
(n = 28), or the wire method'' (n =
14). The results of those studies
and symptom correlation scores (ei-
ther symptom association probability
or symptom index) allowed a classi-
fication of the reflux disorder into a
specific subtype and then two
groups, as described in Table 1.

A pHmetry was considered abnor-
mal if the esophageal acid exposure
time exceeded 4% of the monitoring
period and the Johnson-DeMeester
score exceeded 22.'' A symptom
correlation score (symptom associa-
tion probability or symptom index)
exceeding 95% was considered in-
dicative of a correlation between

esophageal acid exposure and symp-
toms (heartburn, chest pain, and
cough) during pHmetry. Esophago-
gastroduodenoscopy abnormalities
(deemed indicative of acid reflux
disease) included esophageal erosions
or Barrett’s esophagus. A diagnosis
of (isolated) laryngopharyngeal re-
flux disease required evidence of
at least 15 episodes of reflux and
1.1% of acid exposure time de-
tected in the proximal pH channel,'
with normal distal pH channel acid ex-
posure results.

Analytical Procedures

Patients were classified into two
groups based on their diagnoses, and
as suggested by others."® The first
group (reflux patients) included de-
finitive reflux disorders (gastro-
esophageal reflux, nonerosive reflux,
nonacid reflux, and laryngopharyn-
geal reflux diseases). The second
group (no-reflux patients) included
patients with functional heartburn
and hypersensitive esophagus disor-
der, and normal studies.

The three most frequent psychi-
atric diagnoses in these patients
were chronic posttraumatic stress
disorder (n = 19), major depressive
disorder (n = 5), agoraphobia with
panic disorder (n = 3), and anxiety
disorders (n = 3). Since these dis-
eases often coexisted, any combi-
nation of them was grouped as
psychiatric diagnoses (n = 22) for
analytical purposes.

Statistical analyses were per-
formed using Statistical Package for
the Social Sciences, Statistical Prod-
ucts and Service Solutions (SPSS,

Inc, Chicago, IL) software.'* The x*
test (or the Fisher exact test when
appropriate) and the Mann-Whitney
tests were used to determine signifi-
cant differences between two groups
on categorical and continuous variables,
respectively.'> Two-tailed statistical
significance testing with a P level
<0.05 were used throughout.

Results

Clinical and demographic charac-
teristics are summarized in Table 2.

TABLE 2
Clinical Characteristics of Former
WTC Workers in This Study (n = 42)

Characteristic n (%)
Male sex 31 (73.8%)
Age, yr 49.1; 8D 7.7
English speaking 19 (45.2%)
Occupation

Laborers 23 (54.8%)
Firefighters 8 (19.0%)
Health care 3 (7.1%)
Other (eight , 8 (19.0%)
occupations)
Volunteers 5(11.9%)
Union members 29 (69.0%)
Health uninsured 17 (40.5%)
Present at WTC first 20 (46.5%)

48 hr
WTC exposure 17.4; SD 12.7

duration, wk

Smoking status
Lifetime nonsmokers
Former smokers

25 (59.5%)
13 (31.0%)

Present smokers 4 (9.5%)
Symptoms

Heartburn >once 42 (100.0%)

weekly

Dry cough 30 (71.4%)

Exertional dyspnea 29 (69.0%)
Upper airway disease 31 (73.8%)
Lower airway disease 17 (40.5%)
Psychiatric disease 19 (45.2%)
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These characteristics were similar to
what we previously reported for a
much larger (n = 554) group of
patients.”

Table 3 summarizes the results of
the gastroenterological evaluation of
the patients, according to the criteria
described in Table 1.

As seen on Table 4, the reflux had
significantly higher Johnson-De-
Meester scores and esophageal acid
exposure times compared with the
no-reflux patients. Patient with re-
flux disorders were more likely to
have reduced forced vital capacity
(FVC) and also more likely to have
been diagnosed with a lower airway
disease. In contrast, we found no
significant association between re-
flux and psychiatric or upper airway
disorders, exposure duration at the
WTC site, or prevalence of dry
cough.

Conclusions

A spectrum of reflux disorders is
present in WTC responders. To our
knowledge, the association between
inhalation injury and reflux disease
had not been described until the recent
report from Ghanei et al>'® and our
own.' The reason for this association
is unclear. Since respiratory disease
and psychological diseases are both
very prevalent among the WTC re-
sponders,’ one can hypothesize that
reflux disease is associated with either
one of those types of conditions. Re-
flux symptoms have been docu-
mented more frequently in individuals
with psychological diseases,™ and ex-
perimental data have linked stress
responses to esophageal mucosal ab-
normalities.'”"'® Acid aspiration
and the triggering of esophago-,
esophago-pharyngeal-, or esophago-
laryngeal-bronchial reflexes'®*°
have been invoked as possible mech-
anisms mediating the close relation-
ship between reflux disease and
pulmonary symptoms and diseases.
On the other hand, the association
between reflux and respiratory
symptoms appears to be independent
from excessive body weight, a risk
factor for both.*'**
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TABLE 3
Diagnostic Categories and Their Frequency
Diagnoses Frequency Group
GERD 9 (21.4%) 27 (64.2%) Reflux
NERD 9 (21.4%) 27 (64.2%) Reflux
NARD 7 (16.7%) 27 (64.2%) Reflux
LPR 2 (4.8%) 27 (64.2%) Reflux
HSE 9 (21.4%) 15 (35.8%) No reflux
No reflux 6 (14.3%) 15 (35.8%) No reflux
TABLE 4
Comparisons Between the Reflux and the No-Reflux Group
Variable Reflux group No Reflux group P
Johnson-DeMeester score 34.1; SD 27.8 8.6; SD 5.9 0.002
Acid exposure time (min) 98.4; SD 89.4 20.3; SD 20.3 0.002
Abnormal spirometry 14/27 3/15 0.044
Reduced FVC 11/27 1/15 0.031
LAD diagnoses 15/27 2/15 0.008
UAD diagnoses 22/27 9/15 0.126
Psychiatric diagnoses 15/27 8/15 0.890
Dry cough 20/27 10/15 0.726
Exertional dyspnea 20/27 9/15 0.273

Reduced FVC is the most frequent
functional abnormality in this patient
population,’ which probably reflects
most often gas trapping, perhaps at
the bronchiolar level.>* Our data sug-
gest that the presence of reflux dis-
ease in this patient population is
related to a significant degree to that
of pulmonary function abnormality
such as reduced FVC (and presum-
ably air trapping), and also to carry-
ing a diagnosis of a WTC-related
lower airway disease. Reflux dis-
ease, on the other hand, appeared
unrelated to psychiatric disease. The
association suggested by our data
would seem to leave a balance of
unexplained cases of reflux disease
where lung disease and/or function
abnormalities have not been identi-
fied thus far and, in fact, reflux
appears consistently more preva-
lent than lung disease among these
workers.'

Further studies with larger samples
should examine the correlation of psy-
chiatric symptoms (as opposed to
diagnoses) and specific subtypes of
respiratory diagnoses and func-
tional abnormalities with specific
subtypes of reflux diseases. Such

larger studies aimed at exploring the
proposed association between reflux
disorders and toxic inhalation injuries
will also have to include methodolo-
gies to clearly differentiate reflux syn-
dromes as we did in our study. Finally,
and in view of the intensity of the
reported symptoms, the significant
impact on quality of life, and the inter-
actions with comorbidities, our study
underscores the importance of compre-
hensive detailed clinical observation
and multidisciplinary diagnosis and
treatment of victims of toxicant inha-
lations.
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