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Background & Aims: It has been speculated that gas-
troesophageal reflux disease (GERD) represents a risk
factor for the occurrence of extraesophageal complica-
tions. The aim of this study was to compare the comor-
bid occurrence of sinus, laryngeal, and pulmonary dis-
eases in case subjects with and control subjects
without reflux esophagitis. Methods: The case popula-
tion consisted of all patients with erosive esophagitis
(International Classification of Diseases code 530.1)
or esophageal stricture (ICD code 530.3) who were
discharged from hospitals of the Department of Veteran
Affairs between 1981 and 1994. In multivariate logistic
regressions, the occurrence of sinus, pharyngeal, laryn-
geal, or pulmonary disease was compared between
cases with and an equal number of controls without
esophagitis or stricture. Results: A total of 101,366
case subjects was analyzed. Erosive esophagitis and
esophageal stricture were associated with sinusitis
(odds ratio, 1.60; 95% confidence interval, 1.51-
1.70), pharyngitis (1.48; 1.15-1.89), aphonia (1.81;
1.18-2.80), laryngitis (2.01; 1.53-2.63), laryngeal
stenosis (2.02; 1.12-3.65), chronic bronchitis (1.28;
1.22-1.34), asthma (1.51; 1.43-1.59), chronic ob-
structive pulmonary disease (1.22; 1.16-1.27), pul-
monary fibrosis (1.36; 1.25-1.48), bronchiectasis
(1.26; 1.09-1.47), pulmonary collapse (1.31; 1.23-
1.40), and pneumonia (1.15; 1.12-1.18). Conclu-
sions: Patients with reflux esophagitis are at an in-
creased risk of harboring a large variety of sinus, pha-
ryngeal, laryngeal, and pulmonary diseases.

Gastroesophageal reflux disease (GERD) has been as-
sociated with various extraesophageal disorders.
These disorders range from pharyngitis,' laryngitis,”
hoarseness,”" and asthma™® to the pulmonary aspiration
syndromes, including bronchiectasis, lung abscesses, re-
current pneumonias, and pulmonary fibrosis.” ™ Several
investigators have studied the epidemiology of GERD
and its extraesophageal associations by estimating the
prevalence of GERD in patients with particular laryngo-
pulmonary disorders.”®”~"" The majority of these studies
did not contain a control population for comparison.
Relatively small numbers of patients from highly selected
referral populations were examined. Moreover, the preva-

lence of GERD was mostly studied in populations pre-
senting with one single laryngopulmonary disease rather
than analyzing the general relationship between GERD
and the entirety of its potential extraesophageal manifes-
tations. The published estimates of GERD prevalence in
patients with laryngopulmonary diseases varied widely,
depending on the particular patient population studied
and the methods used to diagnose GERD. The clinical
significance of the extraesophageal manifestations of
GERD in unselected patient populations has remained
unclear.

The Department of Veterans Affairs (VA) has kept
computerized records of all inpatients treated in 172 VA
hospitals distributed throughout the United States. Such
a large database provides a unique opportunity to study
the comorbid occurrence of multiple diseases in the same
patient. We designed a case-control to study the comor-
bid occurrence of erosive esophagitis or esophageal stric-
ture with diseases of the larynx, pharynx, and lung.

Methods
Data Source

The Patient Treatment File (PTF), that is, the compu-
terized database of the VA, served as our data source. The
computer files contain the records of all inpatients from the
entirety of the 172 VA hospitals in the United States. The
PTF is managed by the VA Central Automation Center in
Austin, TX. It was started in 1970, and files are available for
each fiscal year since then. Each annual file contains the records
of approximately one million hospitalizations among more
than 600,000 United States military veterans. Individual pa-
tients can be identified by their social security number. In
addition to demographic characteristics, each patient’s record
contains one primary and up to nine secondary discharge diag-
noses. Since 1981, the discharge diagnoses have been encoded
according to the ninth revision of the Clinical Modification of
the International Classification of Diseases (ICD).'? Accredited

Abbreviations used in this paper: Cl, confidence interval; df, de-
grees of freedom; GERD, gastroesophageal reflux disease; ICD, Inter-
national Classification of Diseases; OR, odds ratio; PTF, Patient
Treatment File; VA, Veterans Affairs.
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record technicians extract the diagnoses from the original dis-
charge record and translate them into ICD codes.

ldentification of Case and Control
Subjects

All patients who were discharged between 1981 and
1994 with a primary or secondary diagnosis of esophagitis
(ICD code 530.1) or esophageal striccure (ICD code 530.3)
were selected as case subjects. To ensure that only cases with
a GERD-related esophagitis or stricture were considered, sub-
jects with any primary or secondary discharge diagnosis of
infectious, radiation-induced, or caustic esophagitis were ex-
cluded from the case population. Similarly, patients with any
benign or malignant neoplasm of the larynx, hypopharynx,
esophagus, and stomach were excluded.

After identifying the case subjects, an identical number of
unmatched control subjects was selected randomly from the
remaining computer files of each fiscal year, when the case
subjects had been first diagnosed with esophagitis or stricture.
Random choice without replacement was the method used in
the selection procedure, so that no control subject could be
selected twice for any given year. The RANUNI procedure of
SAS was used for this process (SAS Institute, Cary, NC)."> The
control subjects of previous years were excluded from the pool
of control candidates of subsequent years, again, to avoid du-
plicity in the selection process. Demographic data pertaining
to sex, ethnicity, and age were obtained for both case and
control patients.

Extraction of Comorbid Conditions

Individual social security numbers were used to trace
each case and control subject through the annual computer
files since 1981. The complete medical history for every case
and control subject was obtained by accumulating their dis-
charge diagnoses from all hospital stays between 1981 and
1994. The resultant accumulated medical history was then
searched for particular medical conditions considered to be
extraesophageal associations of reflux disease. The first group
included sinusitis, pharyngitis, aphonia, laryngitis, and laryn-
geal stenosis. The second group was comprised of the following
pulmonary conditions: asthma, chronic bronchitis, chronic ob-
structive pulmonary disease, pulmonary fibrosis, bronchiecta-
sis, pulmonary collapse, pneumonia, and lung abscesses.

Statistical Analyses

All variables except age were encoded as dichotomous
variables using the code 1 to indicate the presence of the
attribute of interest and O to indicate its absence. An unpaired
# test was used to compare between the mean ages of the case
and control population. For all other univariate comparisons,
the XZ test (with Yates’ correction) was used. Univariate (unad-
justed) odds ratios (ORs) and their 95% confidence intervals
(CIs) were calculated according to Woolf’s method. 't

In the logistic regression analysis, the occurrence of esopha-
gitis or stricture served as an outcome (dependent) variable.
Age, sex, ethnicity, smoking, and the comorbid occurrences
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of extraesophageal diagnoses were chosen as predictor (inde-
pendent) variables. The PROC LOGISTIC procedure of SAS
was used to calculate the multivariate logistic regression (SAS
Institute)."” The strength of influence exerted by each predictor
variable was expressed as OR with its 95% CI. The significance
of individual influences were tested by Wald’s °.

Results

A total of 101,366 patients was recruited into the
case population from the annual patient files of 1981
until 1994. Of all case subjects, 92,860 were diagnosed
to have erosive esophagitis, 14,201 had esophageal stric-
tures, and 5695 cases were diagnosed with both condi-
tions. A group of 101,366 random subjects without
GERD were identified as controls from the entirety of
all VA hospital discharges during the same time period
as the case subjects. The demographic characteristics of
cases and control subjects are shown in Table 1. Com-
pared with controls, case subjects were significantly older
(t = 63.911; P < 0.0001). The case population also
contained significantly more males (x> = 52.852; df =
1; P < 0.0001) and more whites (y° = 2561.526; df =
1; P < 0.0001) than the control population.

Table 1 also illustrates the prevalence of individual
extraesophageal diseases among case subjects with esoph-
agitis or stricture as compared with control subjects. In
all the diseases under study, there was a higher number
of diagnoses made in case than in control subjects. The
prevalence rate of pulmonary diagnoses in esophagitis
patients ranged between 0.5% and 17.1% compared with
0.3% and 12.6% in the control population. In declining
order, pneumonia, chronic bronchitis, chronic obstruc-
tive pulmonary disease, and bronchial asthma represented
the most common diagnoses in both populations. In the
case and control population alike, sinus, pharyngeal, and
laryngeal disorders were diagnosed far less frequently
than pulmonary disease. Sinusitis was the most common
condition in this group, followed by pharyngitis and
laryngitis. All extraesophageal conditions shown in Table
1 occurred significantly more often in case than in control
subjects.

The results of the multivariate logistic regression are
displayed in Figure 1 and Table 2. The multivariate
analysis evaluated the influence of age, sex, ethnicity,
smoking, and extraesophageal conditions on the occur-
rence of erosive esophagitis or esophageal stricture. The
distinction between erosive esophagitis and peptic stric-
ture did not influence the outcome of the regression anal-
ysis, as both forms of GERD were associated with a
similar spectrum of extraesophageal manifestations. Sim-
ilar demographic differences were noted between case and
control subjects in the multivariate as in the univariate
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Table 1. Extraesophageal Diseases in Cases With and Controls Without Esophagitis or Stricture

Cases Controls
(n = 101,366) (n = 101,366) P value
Mean age, yr (SD) 60 (13) 56 (15) <0.0001
Sex (%)
Men 99,470 (98.1) 98,895 (97.6) <0.0001
Women 1896 (1.9) 2471 (2.4)
Race (%)
White 84,640 (83.5) 75,337 (74.3) <0.0001
Nonwhite 16,726 (16.5) 26,029 (25.7)
Supraesophageal diseases (%)
Sinusitis 3165 (3. 1938 (1.9) <0.0001
Pharyngitis 175 ( 82 (0.1) <0.0001
Aphonia 69 ( 33 (0.0) 0.0005
Laryngitis 200 ( 107 (0.1) <0.0001
Laryngeal stenosis 33 ( 17 (0.0) <0.0001
Chronic bronchitis 8659 ( 4931 (4.9) <0.0001
Bronchial asthma 4314 ( 2602 (2.6) <0.0001
Chronic obstructive pulmonary disease 8557 ( 4920 (4.9) <0.0001
Pulmonary fibrosis 1511 ( 952 (0.9) <0.0001
Bronchiectasis 522 ( 280 (0.3) <0.0001
Pulmonary collapse 2463 (2. 1595 (1.6) <0.0001
Pneumonia 17,283 (17.1) 12,794 (12.6) <0.0001

analyses. Older age (OR per age decade, 1.18; 95% CI,
1.17—-1.19), male sex (OR, 1.23; 95% CI, 1.16—1.31),
and white ethnicity (OR, 1.61; 95% CI, 1.57-1.65)
were all associated with a significantly increased risk for
esophagitis or esophageal stricture. Smoking resulted in
an OR of 1.48 (95% CI, 1.35—1.63), that is, an increased
risk for erosive esophagitis and esophageal stricture. The
ORs of individual extraesophageal conditions remained
unaffected by the inclusion or exclusion of smoking as a
predictor variable into the multivariate model. The large
variety of extraesophageal diseases found to be signifi-
cantly associated with reflux disease is illustrated in Fig-
ure 1. Bronchial asthma was included to the list of diag-
noses as one exemplary lung disease. All ORs shown in
Figure 1 were taken from the multivariate analysis; the
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Figure 1. Spectrum of extraesophageal complications of erosive
esophagitis and esophageal stricture. Each point represents an OR
and its 95% Cl obtained from the multivariate logistic regression.

size of the CIs is mostly influenced by the number of
patients with each diagnosis. The ORs of various comor-
bid conditions varied between 1.5 and 2, with laryngitis
and laryngeal stenosis characterized by the strongest asso-
ciation with esophagitis.

Table 2 lists all pulmonary diseases that were revealed
by the multivariate analysis to be significantly associated
with esophagitis or stricture. The ORs ranged between
1.2 and 1.5, the strongest associations being found with
bronchial asthma and pulmonary fibrosis. In general, the
associations between esophagitis or stricture and lung
disease were less strong than those between esophagitis
or stricture and the other extraesophageal conditions. As
indicated above, however, far more patients with esopha-
gitis or stricture harbored comorbid lung disease than,
for instance, pharyngitis or laryngitis (Table 1).

In the present analysis, we assembled a population of

Table 2. Pulmonary Disorders Associated With Esophagitis
or Stricture

Wald’s
Predictor variable OR 95% Cl X2 P value
Chronic bronchitis 1.28 1.22-1.34 107.049 0.0001
Bronchial asthma 1.51 1.43-1.59 242.097 0.0001
Chronic obstructive
pulmonary
disease 1.22 1.16-1.27 68.698 0.0001
Pulmonary fibrosis 1.36 1.25-1.48 53.675 0.0001
Bronchiectasis 1.26 1.09-1.47 9.350 0.0022
Pulmonary collapse 1.31 1.23-1.40 67.177 0.0001
Pneumonia 1.15 1.12-1.18 103.067 0.0001
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patients with esophagitis or stricture and compared the
frequency of respiratory disease in this population and a
control population without reflux disease. It may be ar-
gued that one should rather compare the frequency of
esophagitis or stricture between a group of patients with
and without respiratory disease. To assess the influence
of such an approach, we selected a random group of
29,864 patients with chronic obstructive pulmonary dis-
ease and compared the frequency of esophagitis in this
population with the frequency of esophagitis in a control
population without chronic obstructive pulmonary dis-
ease. This second approach yielded an unadjusted OR
of 1.43 (95% CI, 1.33—-1.53) in comparison with an
unadjusted OR of 1.81 (95% CI, 1.74—1.87) that can
be calculated from the data of Table 1 and the adjusted
OR of 1.22 shown in Table 2. This similarity among
the different values reflects the fact that an OR calculated
from a two-by-two table (or a logistic regression) is
largely independent of the assignment of variables as
predictor or outcome variables.

Discussion

The present study demonstrates a large spectrum
of associations between erosive esophagitis or esophageal
stricture and various extraesophageal diseases. In a large
population of unselected patients, reflux esophagitis con-
stituted a contributing factor in the occurrence of the
following diseases: sinusitis, pharyngitis, aphonia, laryn-
gitis, laryngeal stenosis, chronic bronchitis, asthma,
chronic obstructive pulmonary disease, bronchiectasis,
pulmonary collapse, and pneumonia. Patients with
esophagitis or stricture carried a 15%—100% increased
risk of having these extraesophageal diagnoses as com-
pared with control subjects.

It is important to point out the potential limitations
of our study design and the use of the PTF as the underly-
ing data source. First, some of the patients included in
the present analysis may have received part of their medi-
cal care outside the VA system. The medical activity and
comorbid conditions that were documented by the PTF
may represent only a fraction of all relevant health infor-
mation pertaining to an individual veteran. If a physician
did not take the additional effort to rule in all potential
causes for a given pulmonary or pharyngolaryngeal disor-
der, GERD may have been easily overlooked in the indi-
vidual patient. During the management of potentially
life-threatening conditions such as pneumonia or pulmo-
nary collapse, other underlying conditions may be consid-
ered of secondary importance and become ignored. To
minimize the influence of this potential bias in our analy-
sis, we considered the complete patient record over a 15-
year time period. We assumed that in the majority of
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patients with comorbid conditions, the association be-
tween esophagitis and its extraesophageal manifestations
would become apparent, even if both diagnoses were not
established at the same time. Second, except for well-
defined medical conditions listed by their corresponding
ICD code, the PTF does not list the occurrence of any
particular symptoms, nor does it contain the result of
diagnostic tests. By limiting the ascertainment of GERD
to the presence of erosive esophagitis and esophageal
stricture, our analysis ignores all milder forms of GERD
or GERD without diagnostic confirmation. Third, vari-
ous forms of lung disease, such as pneumonia, chronic
obstructive pulmonary disease, bronchial asthma, and
pulmonary fibrosis are frequent causes for hospital admis-
sion among veterans. Because our statistical analysis is
based on a comparison of comorbid occurrence among
patients with esophagitis and other inpatients, the cal-
culated ORs may underestimate the strength of the as-
sociations between esophagitis and these pulmonary
diagnoses. In a true population control, for instance, non-
hospitalized veterans, the prevalence rate of pulmonary
disease might be much lower. For these reasons, the
risks calculated by our analysis probably provide only a
conservative estimate for strength of the association be-
tween GERD and various extraesophageal conditions.

Our study analyzes United States military veterans
who may be different with respect to their health behav-
ior from the general population of reflux patients. The
veterans population has a high rate of cigarette smoking
that most likely affects the overall prevalence of respira-
tory disease. However, the missing effect of smoking on
the OR indicates that the association between esophagitis
or esophageal stricture and the variety of extraesophageal
diseases shown by the present analysis was unrelated to
any confounding influence of smoking. Other socioeco-
nomic or behavioral factors may have affected the
strength of the associations reported here and may have
made it difficult to extrapolate them to other popula-
tions. The associations revealed by our analysis are mod-
est with an OR of approximately 1.5 (Figure 1). It could
be argued that this indicates a weak relationship only.
It should be noted that even such a relatively low value
represents a 50% increase in the population at risk. As
shown by the prevalence data of Table 1, for common
diseases, a seemingly modest 50% increase can translate
into an appreciable number of cases.

Apart from the obvious benefit of studying a large
number of patients with esophagitis or stricture that
could not have been accumulated otherwise, a study us-
ing the VA PTF offered several additional advantages.
A computerized database allowed us to compare the oc-
currence of comorbid diseases between esophagitis pa-
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tients and a control group of similar size and to subject
such comparison to statistical analysis. All diagnoses in
the database were established without being aware of the
hypotheses or aims underlying the present protocol. The
case-control design prevented such potential bias of pre-
vious studies, in which participants had been selected
with a specific hypothesis in mind. The diagnostic codes
gained additional credence from the fact that they had
been made by hospital-based physicians. This circum-
stance avoided the imprecision of self-reported diagnoses
and any recall bias inherent to all questionnaire and inter-
views. Rather than represent comorbid associations based
on refined physiological measurements alone, the types
of comorbidity revealed by our analysis related to diseases
that had become clinically relevant. Lastly, the case popu-
lation enrolled into the present study represented the
entirety of patients with erosive esophagitis and esopha-
geal strictures who were admitted to VA hospitals be-
tween 1981 and 1994. There should have been no referral
bias of patients with comorbid diseases to centers special-
ized in treatment of esophageal or pulmonary diseases.

In a case-control study, matching is defined as select-
ing controls that are similar to the cases in certain charac-
teristics, such as age, race, sex, smoking habits, or a
variety of socioeconomic variables. Matching can be asso-
ciated with many practical and conceptual problems.'®"
It often proves difficult to identify a sufficient number
of controls that match to individual cases in more than
one characteristic. The statistical analysis changes from
a relatively simple logistic regression analysis to a condi-
tional logistic regression analysis that is more cumber-
some to perform and far more sensitive to missing data.
Once a decision to match has been made, this decision
becomes irreversible and makes it impossible to study the
effect of the matched variable on the outcome. Matching
should not be performed unless the confounding variable
has a profound influence on the outcome that interferes
with the assessment of all other variables. As evidenced
by the ORs of age, sex, or race with respect to esophagitis,
this condition did not apply to the present data set.
Moreover, because we wished to explore the influence of
the demographic characteristics on the occurrence of re-
flux esophagitis, we abstained from matching and chose
random controls instead.

Our results corroborate previous evidence from experi-
mental, epidemiological, and therapeutic trials that have
indicated a pathophysiological role for gastroesophageal
reflux in several extraesophageal diseases.'"'® Depending
on the population studied and the type of case definition
used, the prevalence of GERD in asthmatics was reported
to range between 30% and 89%.'"”° For instance, a
prolonged abnormal intraesophageal pH was measured
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in more than 80% of patients with asthma,” whereas
another study reported endoscopic esophagitis in 39% of
asthmatics.® In a population-based study from Denmark,
patients with and without chronic obstructive pulmonary
disease filled out a questionnaire about GERD symptoms
and subsequently underwent endoscopy, pH metry, or
esophageal manometry. Not all patients participated in
all parts of the study. The various fractions of patients
with positive test results were extrapolated to calculate
prevalence rates of esophagitis in 45% of patients with
chronic obstructive pulmonary disease, as compared with
35% in controls without lung disease.'® Similar preva-
lence rates of GERD were reported among patients with
chronic bronchitis and idiopathic pulmonary fibrosis.® A
24-hour pH metry with an esophageal and pharyngeal

pH probe have shown abnormal acidic reflux in 50%—
90% of patients with chronic idiopathic laryngeal symp-
toms or posterior laryngitis.>**°~%*

The presumed association between GERD and extra-
esophageal disease have led to several medical and surgi-
cal therapeutic trials. These trials aimed to alleviate la-
ryngeal and pulmonary symptoms by treating the
concomitant GERD. Variable degrees of success were
achieved, possibly because of differences in patient selec-
tion and varying fractions of patients with true comorbid-
ity.”>?” The results of the present study suggest that it
would be prudent to look for GERD in patients with
laryngopulmonary disease in whom no other obvious eti-
ology, such as allergy, infection, or smoking, exists.

In summary, a case-control study among patients with
erosive esophagitis and esophageal strictures showed that
these two conditions were associated with a large variety
of extraesophageal diseases that involved the sinuses,
pharynx, larynx, and lungs. According to our results, as
many as 17% of all patients with esophagitis developed
an extraesophageal manifestation of their disease. Com-
pared with hospitalized controls, the risks for these clini-
cally relevant complications ranged between 1.2- and
2.0-fold. Because of the nature of our data, the calculated
risks may represent conservative estimates of the true
associations.
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