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Abstract
Background—Gastritis associated hy-
pochlorhydria may be protective against
gastro-oesophageal reflux disease. It was
hypothesised that the historic decline in
Helicobacter pylori infection resulted in a
decline in peptic ulcer and a concomitant
rise in reflux disease.
Aims—To study the time trends of peptic
ulcer and reflux disease.
Methods—Hospitalisation rates were ana-
lysed using the computerised database of
the US Department of Veterans AVairs
from 1970 until 1995. Death rates were
calculated from the Vital Statistics of the
United States.
Results—From 1970 to 1995, hospitalisa-
tion rates for gastric and duodenal ulcer,
as well as gastric cancer fell, while the
hospitalisation rates for gastro-oeso-
phageal reflux disease and those for
oesophageal adenocarcinoma rose signifi-
cantly. Similar time trends were observed
with respect to the death rates. There were
notable ethnic diVerences. White subjects
incurred higher rates of reflux disease and
oesophageal adenocarcinoma and lower
rates of gastric ulcer or cancer compared
with non-whites.
Conclusions—The ethnic variations and
the opposing time trends of gastroduode-
nal versus oesophageal disease are con-
sistent with the hypothesis that the
declining infection rates of H pylori in the
general population have led to a rise in the
occurrence of gastro-oesophageal reflux
disease and associated oesophageal ad-
enocarcinoma.
(Gut 1998;43:327–333)
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The time trends of gastric and duodenal ulcer
during the past three decades were character-
ised by a notable decline in their incidence and
prevalence rates. This decline occurred in the
United States, as well as many European
countries.1 Ever since its inclusion into the
International Classification of Diseases in 1930
as a code separate from liver cancer, the death
rates from gastric cancer have also shown a
continuous decline.2 Both types of peptic ulcer,
as well as gastric cancer, are epidemiologically
associated with a chronic Helicobacter pylori
infection of the gastroduodenal mucosa.3–5 The
time trends of H pylori in developed countries
have been notable by a decrease in the infection

rate.6 7 It appears likely that the observed
decline in the occurrence of both ulcer types
and gastric cancer stemmed from an underly-
ing decline in the infection rates with H pylori.
The development of corpus gastritis secondary
to a chronic H pylori infection reduces gastric
secretion of acid.8 9 This process appears to be
partially reversible, as eradication of H pylori in
order to cure peptic ulcer disease can result in
new onset of gastro-oesophageal reflux disease
(GORD).10 11 Furthermore, patients with an
endoscopically diagnosed reflux oesophagitis
are less likely to harbour active corpus gastritis
than patients without oesophagitis.12 We hy-
pothesised that the recent decline in the H
pylori infection rates of the general population
resulted not only in a fall in peptic ulcer and
gastric cancer, but also in a concomitant rise in
reflux disease. To test this hypothesis, we
analysed the time trends of mortality and hos-
pitalisation secondary to gastric ulcer, duode-
nal ulcer, and gastric cancer and compared
them with similar time trends secondary to
GORD and oesophageal adenocarcinoma.

Methods
DATA SOURCES

Two large and independent databases were
used to analyse hospitalisation and mortality
data in the United States. Hospitalisation was
studied using the computerised database of the
Department of Veterans AVairs (VA)—that is,
the Patient Treatment File (PTF). The data
files contained the records of all inpatients
from all 172 VA hospitals distributed through-
out the United States. The PTF is managed by
the VA Central Automation Center in Austin,
Texas. It was started in 1970, and files were
available for each year until 1995. Each annual
file contained the records of about one million
hospitalisations. In addition to demographic
characteristics, each patient record contained
one primary and up to four secondary
discharge diagnoses. In 1984, the number of
potential secondary diagnoses was increased to
nine. From 1970 to 1980, the discharge
diagnoses were encoded according to the
eighth revision of the International Class-
ification of Diseases Adapted for Use in the
United States (ICDA8).13 Since 1981, the
ninth revision of the Clinical Modification of
the International Classification of Diseases was
used (ICD9-CM).14 Data were extracted by
age and ethnicity, but not by sex, since over
98% of all hospitalised veterans were men.
To confirm the trends observed with respect

to hospitalisation, we compared them with
similar data obtained from the Vital Statistics
of the United States. The mortality data had
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been accumulated yearly by the National
Center for Health Statistics (NCHS). Each
annual data set was compiled from microfilm
copies of all 1.9 to 2 million death certificates
in the United States (with the exception of
1972, which contained a 50% sample only).
The data were available through annual publi-
cations of the NCHS.15 The data from 1979
until 1992 could also be retrieved through the
home page of the Center for Disease Control
on the internet (http://www.wonder.cdc.gov/).
The information contained in the publications
or on the internet included age, race, sex, and
underlying cause of death for each decedent.
From 1968 to 1978, the causes of death were
encoded by the NCHS according to ICD8 and
since 1979 according to ICD9.

DIAGNOSTIC CODES

For every year from 1970 to 1995, the follow-
ing five broad categories of hospital discharge
diagnoses were extracted from the PTF: cancer
of the gastric corpus and antrum; oesophageal
adenocarcinoma and cancer of cardia; gastric
ulcer; duodenal ulcer; and GORD. In case of
gastric cancer all four digit variants were used,
except code 151.0.The ICDA8 code 151.0 was
assigned to cancers of the cardia and cardiac
orifice. The corresponding ICD9-CM code
151.0 for the cardia and the cardiac orifice
contains the additional stipulation to use this
code especially for oesophageal adenocarci-
noma. This stipulation is not contained in the
ICD9. It is important to keep in mind that the
vital statistics, cancer registries in the US, and
other non-US data sets might diVer in this par-
ticular aspect from the ICDA8 and ICD9-CM.
In both types of peptic ulcer, all four and five
digit variants of their coding were included to
cover all forms of ulcer disease. GORD was
comprised of four distinct codes: erosive
oesophagitis (530.1), oesophageal ulcers
(530.2), oesophageal strictures (530.3), and
hiatus hernia (553.3). To ensure that only cases
with GORD related diagnoses were consid-
ered, patients with any discharge diagnosis of
infectious, radiation induced, or caustic
oesophagitis were excluded from the case
population.The same diagnoses were extracted
from the Vital Statistics with the exception of
GORD. In the mortality data, coding for
erosive oesophagitis became consistent and
relatively frequent only in 1979. Therefore, the
analysis of GORD in the Vital Statistics was
confined to erosive oesophagitis from 1979
until 1992.

STATISTICAL ANALYSIS

For each year and diagnostic category, the
numbers of hospital discharges were broken
down by race and 10 year age groups. Similarly,
the total numbers of hospital discharges for all
diagnoses were broken down by race and age.
The race and age specific discharges of each
five consecutive years were added up, for
instance, from 1970 to 1974, from 1975 to
1979, etc. To calculate proportional hospitali-
sation rates, the number of hospitalisations for
a particular diagnosis was divided by the total
number all hospitalisations during the same
five year period. Subsequently, these race and
age specific rates were adjusted by the method
of direct standardisation to the age distribution
of all hospitalised veterans in 1990.16 The aver-
age age adjusted rates of consecutive five year
time periods were then expressed as propor-
tional rates per 10 000 hospitalisations. The
data were plotted separately for whites and
non-whites.
The death rates were calculated similarly

with three noteworthy exceptions. Firstly, the
five year time periods were chosen as follows:
1968–1972, 1973–1977, etc. Secondly, the
aggregate US population of each consecutive
five years was used as denominator to calculate
death rates per 1 million living population.
Finally, the data were plotted broken down by
sex, as well as race.
As the Patient Treatment File and the Vital

Statistics cover the entirety of two popu-
lations—that is, the veterans population and
the US population, calculation of common sta-
tistical parameters such as standard error or
standard deviation is not feasible. To be able to
estimate the strength and validity of the
observed patterns, we assumed that hospitali-
sation discharges and deaths behave like
Poisson variables. The 95% confidence interval
of each rate was then calculated using the
upper and lower estimate of each number of
hospitalisations or deaths.17 Any two rates were
considered significantly diVerent, if their two
confidence intervals did not overlap.

Results
Because of the large size of the population of
hospitalised veterans, all diseases of interest
appeared frequently as discharge diagnoses
(table 1). By analysing the average rates of five
year time periods, the time trends showed a
relatively stable and consistent behaviour with-
out major irregularities. Hospitalisation rates
for cancer of the corpus and antrum decreased
significantly between 1970 and 1995 in both

Table 1 Mean number of cases per year and population sizes

ICD9-CM codes Diagnosis
VA hospitalisation
statistics (1970–1995)

US mortality
statistics (1968–1992)

151.0 Oesophageal adenocarcinoma/cancer of cardia 276 387
151.1–151.9 Cancer of corpus, antrum, and other stomach nos* 1492 14387
530.1–530.3, 553.3 Gastro-oesophageal reflux disease† 16130 379
531.00–531.91 Gastric ulcer 5234 2553
532.00–532.91 Duodenal ulcer 7656 2684

Population 942 621 226 169 040

* nos, not otherwise specified.
† Mortality data were restricted to oesophagitis (ICD code 530.1) from 1979 to 1992.
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ethnic groups. Cancer of the corpus and
antrum was significantly more common among
non-white than white subjects (table 2).
Oesophageal adenocarcinoma/cancer of the
cardia showed exactly the opposite behaviour.
It was significantly more common among white
than non-white men and showed a significant
rise during the same time period (fig 1). It
should be noted that the rates of gastric cancer
in the corpus and antrum were on the average
five times higher than cancer of the cardia.

Both types of peptic ulcer showed a signifi-
cant decline in their hospitalisation rates
between 1970 and 1995, the decline being far
more pronounced in duodenal than gastric
ulcer (fig 2). In the veterans population, the
hospitalisation rates for gastric and duodenal
ulcer were similar among whites and non-
whites. In striking contrast with the behaviour
of peptic ulcer, the hospital discharges involv-
ing GORD rose fourfold and sevenfold among
non-whites and whites, respectively, during the

Table 2 Proportional hospitalisation rates, veterans population 1970–1995

Subgroup Gastric ulcer Duodenal ulcer Reflux oesophagitis Gastric cancer Cancer of the cardia

Whites* 55.3 (54.9–55.6) 83.3 (82.9–83.7) 188.6 (188.0–189.2) 12.9 (12.7–13.1) 3.2 (3.1–3.3)
Non-whites 56.4 (55.8–57.0) 73.8 (73.1–74.6) 109.3 (108.4–110.2) 26.2 (25.8–26.6) 2.0 (1.8–2.1)
1970–1974 67.6 (66.9–68.3) 168.8 (167.7–170.0) 61.2 (60.5–61.9) 22.1 (21.7–22.6) 1.3 (1.2–1.4)
1990–1995 49.6 (49.0–50.1) 52.5 (51.9–53.1) 315.6 (314.2–317.1) 14.3 (13.9–14.6) 4.8 (4.7–5.0)

Rates are expressed per 10 000 hospitalisations from all causes and shown with their 95% confidence interval.
* Rates for whites and non-whites represent the average values of the period 1970–1995.

Figure 1 Time trends of hospitalisation for gastric cancer of the corpus or antrum and oesophageal adenocarcinoma/
cancer of the cardia. Data points represent the average of consecutive time periods as shown on the x axis.
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Figure 2 Time trends of hospitalisation for gastric ulcer, duodenal ulcer, and gastro-oesophageal reflux disease. Data points represent the average of
consecutive time periods as shown on the x axis.
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same time period. Hospitalisations with
GORD were significantly more common
among whites than non-whites (table 2).
The time trends of the death rates for cancer

and their breakdown by race provide an almost
exact replica of the corresponding patterns in
the hospitalisation data (fig 3). While cancer of
the corpus and antrum declined between 1968
and 1992, oesophageal adenocarcinoma in-

creased during the same time period. However,
the rise in oesophageal adenocarcinoma was
not significant among non-white men.As in the
hospitalisation rates, a higher death rate from
gastric cancer among non-whites contrasted
with a higher death rate from oesophageal
adenocarcinoma among whites (table 3). In
general, white and non-white women behaved
similarly to their male counterparts. Gastric

Figure 3 Time trends of death rates from gastric cancer of the corpus or antrum and oesophageal adenocarcinoma/cancer
of the cardia. Data points represent the average of consecutive time periods as shown on the x axis.
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Table 3 Death rates, US population 1968–1992

Subgroup Gastric ulcer Duodenal ulcer Reflux oesophagitis Gastric cancer Cancer of the cardia

Men* 12.3 (12.2–12.5) 15.3 (15.1–15.4) 1.7 (1.6–1.8) 77.8 (77.4–78.1) 2.9 (2.8–2.9)
Women 10.3 (10.2–10.4) 8.6 (8.5–8.7) 1.5 (1.4–1.6) 50.2 (49.9–50.4) 0.6 (0.6–0.6)
Whites* 11.7 (11.6–11.8) 12.6 (12.5–12.7) 1.7 (1.6–1.7) 61.4 (61.2–61.6) 1.9 (1.9–1.9)
Non-whites 9.0 (8.8–9.2) 7.3 (7.1–7.5) 1.1 (1.0–1.2) 76.8 (76.2–77.4) 0.6 (0.6–0.7)
1968–1972† 17.4 (17.1–17.7) 19.6 (19.3–19.9) 1.0 (1.0–1.1) 78.8 (78.3–79.4) 0.9 (0.9–1.0)
1988–1992 7.7 (7.5–7.8) 8.4 (8.2–8.5) 2.1 (2.1–2.2) 53.4 (53.0–53.8) 2.5 (2.4–2.6)

Rates are expressed per million living population and shown with their 95% confidence interval.
* Sex and race specific rates represent the average values of the period 1968–1992.
† 1979–1982 in case of reflux oesophagitis.

Figure 4 Time trends of death rates from gastric ulcer, duodenal ulcer, and erosive oesophagitis. Data points represent the average of consecutive time
periods as shown on the x axis.
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cancer of the corpus and antrum was less com-
mon among white than non-white women,
while oesophageal adenocarcinoma was more
common among white than non-white women.
In women from both ethnic groups, gastric
cancer of the corpus and antrum decreased,
while oesophageal adenocarcinoma increased.
However, the decrease and increase in death
rates from both cancer types was less pro-
nounced in women than in men.
With regard to the hospitalisation rates shown

in fig 2, both ulcer types were also characterised
by a significant decline in their death rates (fig
4). The decline aVected white men as well as
non-white men (fig 4). The decline in mortality
from peptic ulcer was less pronounced among
women than men. Despite its relatively infre-
quent occurrence, death rates from oesophagitis
revealed a consistent and significant rise in all
sex and race groups. In agreement with the hos-
pitalisation data, the mortality from oesophagitis
was significantly more common among whites
than non-whites (table 3). The trends of
mortality from oesophagitis and its ethnic distri-
bution also matched the patterns observed with
respect to oesophageal adenocarcinoma/cancer
of the cardia in both data sources.

Discussion
This study shows two distinct and opposing
patterns among diseases aVecting the gas-
troduodenum and the oesophagus. On the one
hand, peptic ulcer and gastric cancer have
decreased continuously during the past 25
years. On the other hand,GORD and oesopha-
geal adenocarcinoma increased continuously
during the same time period. In addition to
their opposing temporal trends, these diseases
also revealed contrasting patterns with respect
to their ethnic distribution. While non-white
patients became much less aVected with
GORD and oesophageal adenocarcinoma, they
harboured higher rates of gastric cancer. The
two independent databases used to delineate
these epidemiological patterns yielded strik-
ingly similar results.
Because H pylori plays an essential role in the

pathogenesis of gastric ulcer, duodenal ulcer,
and gastric cancer, the general decline in its
infection rate in Western societies provides the
most likely explanation for the time trends of
these three diseases. The acquisition of H pylori
results in the development of acute gastritis that,
if left untreated, gives way to chronic gastro-
duodenitis.18–20 Both types of peptic ulcer disease
are strongly correlated with a gastroduodenal
infection by H pylori.5 Chronic gastritis that
involves large areas of the gastric body (corpus)
results in partial atrophy of the acid secreting
mucosa and hypochlorhydria.8 9 The resultant
atrophic gastritis and intestinal metaplasia of the
infected gastric mucosa also constitute precan-
cerous lesions of the stomach.19–21 Several
serological and histological studies have shown a
strong association between H pylori infection
and gastric cancer.3 4 As such a sequence of
events progresses slowly over prolonged time
periods, it is seen particularly in elderly persons
who acquired H pylori infection at an early age.

In addition to being responsible for the time
trends of peptic ulcer and gastric cancer, H
pylori infection also oVers a possible explanation
for the trends of GORD and oesophageal
adenocarcinoma. The decline in gastric acidity
observed with advancing age seems to be
related to an H pylori induced atrophy of the
gastric mucosa.22 Furthermore, a reversal of
gastritis associated hypochlorhydria renders
individuals more susceptible to reflux of acid
and the development of erosive oesophagi-
tis.10 11 Labenz et al followed patients with duo-
denal ulcer after antibiotic cure of H pylori
infection for three years.11 The incidence of
reflux oesophagitis was 25.8% after eradication
of H pylori compared with 12.9% in patients
with persistent infection. In a related study, De
Koster et al found that patients with endoscopi-
cally diagnosed reflux oesophagitis were less
likely to have active corpus gastritis than
patients without oesophagitis.12 Other groups
have also observed higher rates of gastric H
pylori infection in patients without as compared
with patients with severe forms of oesophagitis,
characterised by erosions and Barrett’s mu-
cosa.23 24 Barrett’s mucosa is a premalignant
lesion for oesophageal adenocarcinoma.25

A past history of gastric or duodenal ulcer in
patients with oesophageal adenocarcinoma or
cancer of the gastric corpus and antrum was
assessed in a case control study among patients
followed at hospitals of the US Department of
Veterans AVairs.26 A previous history of gastric,
but not duodenal ulcer was associated with a
significantly elevated risk for subsequently
developing cancer of the gastric corpus and
antrum. This suggests that gastric ulcer and
gastric cancer share a similar set of risk factors,
including H pylori. In the same study, gastric
ulcers exerted no significant influence on
oesophageal adenocarcinoma, while duodenal
ulcers and peptic ulcers (site unspecified) were
even protective. These latter associations indi-
cate that some patients with gastroduodenal H
pylori infection, as evidenced by their previous
ulcer history, may be protected against reflux
disease and oesophageal adenocarcinoma.
In our study, a complementary piece of

evidence to support the role of H pylori in
GORD is provided by the obvious diVerences
among ethnic groups. While US non-whites
incurred substantially reduced hospitalisations
and mortality related to GORD or oesophageal
adenocarcinoma, they suVered more from gas-
tric cancer than whites. In general, non-whites
in the United States tend to harbour higher
rates of infection with H pylori acquired at a
younger age than whites.27 Again, this pattern
translates into prolonged time periods of
chronic gastritis and a greater chance of devel-
oping gastric atrophy associated with reduced
acid output. Gastric atrophy and reduced acid
output mean a greater risk for gastric cancer
and a smaller risk for GORD and oesophageal
adenocarcinoma, respectively.
We utilised two large databases to obtain

independent measures of disease frequency—
that is, hospitalisation and mortality. The over-
all size and the make up of the US veterans
population, from which the hospitalised
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patients are recruited, are not well character-
ised. To avoid problems arising from preva-
lence rates based on inexact population de-
nominators, we calculated age adjusted
proportional hospitalisation rates. The medical
conditions studied in the present analysis are
relatively common among male veterans. The
Department of Veterans AVairs is the largest
nationwide health care provider in the United
States. It has kept its computerised records in a
uniform fashion over a prolonged time period.
These circumstances oVered a unique oppor-
tunity to study the time trends with great reli-
ability. The demonstration of opposing times
trends within the same population, as well as
diVerent rates for whites and non-whites, con-
fers additional internal validity to the results of
the study. It makes a systematic error or bias
unlikely, as such eVects would be expected to
result in uniform trends among diVerent
subgroups. The similarity between the mort-
ality and hospitalisation data in every impor-
tant aspect further strengthens the validity of
the observed trends.
Neither the hospitalisation data nor the vital

statistics contain a breakdown by histological
categories according to the International
Classification of Diseases for Oncology
(ICDO). In both databases, some adenocarci-
nomas of the oesophagus (151.0) might have
been miscoded as cancers of the lower third of
the oesophagus (ICD9 codes 150.2 and 150.5)
or as gastric cancer not otherwise specified
(ICD9 code 151.9). A greater proportion of
cardiac cancers might have been coded as
unspecified gastric cancers in the past than
presently. A more precise coding practice dur-
ing recent times could have increased the rate
of cardiac cancer. The increased precision in
classification could have resulted from several
factors, such as more frequent usage of gastro-
intestinal endoscopy, better reporting stand-
ards, and increasing awareness among clini-
cians about the diVerent aetiologies of cardiac
and other gastric cancers. As cardiac cancer
represents only a small portion of all gastric
cancer, even a small amount of misclassifica-
tion would have aVected its time trends.
Some of the temporal changes in the occur-

rence of the five diseases examined here have
been reported in previous studies. This provides
external validity to the present results. The time
trends of gastric and duodenal ulcer during the
past three decades were characterised by a nota-
ble decline in their incidence and prevalence
rates. This decline occurred similarly in the
United States andmany European countries.28 29

It was observed in various statistics and aVected
most morbidity parameters of peptic ulcer
disease, such as death rates, hospital discharges,
physician visits, disability pensions, and fre-
quency of gastric surgeries secondary to peptic
ulcer.30–37 The incidence and death rates of
gastric cancer have also shown a continuous
decline since 1930 in the United States, as well
as most European countries.38 In the United
States, the reduction in the incidence of gastric
cancer reflected largely a decline in distal (cor-
pus and antrum) lesions.39 Conversely, the inci-
dence rates of gastric cancer involving the proxi-

mal stomach (cardia) have been rising
steeply.40–42 Careful examination of these lesions
revealed that most cardiac cancers represented
adenocarcinoma of mucosa from the distal
oesophagus or the gastro-oesophageal
junction.43 In these studies as well as in the cur-
rent study, nevertheless, an increased recogni-
tion coupled with a more precise classification
could have contributed partially to the observed
trends concerning cardiac cancer.
In summary, this study shows two opposing

time trends. While on the one hand peptic
ulcer disease and gastric cancer are declining,
GORD and oesophageal adenocarcinoma
show a notable increase. Non-whites are less
aVected by GORD and oesophageal adenocar-
cinoma. We propose that the general decline in
the infection with H pylori represents a poten-
tial biological mechanism for these opposing
time trends.
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