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Abstract
Background—The incidence of oesopha-
geal adenocarcinoma has increased
greatly. Barrett’s oesophagus is a known
risk factor.
Aims—To identify changes in the inci-
dence, prevalence, and outcome of Bar-
rett’s oesophagus in a defined population.
Subjects—Residents of Olmsted County,
Minnesota, with clinically diagnosed Bar-
rett’s oesophagus, or oesophageal or
oesophagogastric junction adenocarci-
noma.
Methods—Cases were identified using the
Rochester Epidemiology Project medical
records linkage system. Records were
reviewed with follow up to 1 January 1998.
Results—The incidence of clinically diag-
nosed Barrett’s oesophagus (>3 cm) in-
creased 28-fold from 0.37/100 000 person
years in 1965–69 to 10.5/100 000 in 1995–97.
Of note, gastroscopic examinations in-
creased 22-fold in this same time period.
The prevalence of diagnosed Barrett’s
oesophagus increased from 22.6 (95%
confidence interval (CI) 11.7–33.6) per
100 000 in 1987 to 82.6/100 000 in 1998. The
prevalence of short segment Barrett’s
oesophagus (<3 cm) in 1998 was 33.4/
100 000. Patients with Barrett’s oesoph-
agus had shorter than expected survival
but only one patient with Barrett’s
oesophagus died from adenocarcinoma.
Only four of 64 adenocarcinomas oc-
curred in patients with previously known
Barrett’s oesophagus.
Conclusions—The incidence and preva-
lence of clinically diagnosed Barrett’s
oesophagus have increased in parallel
with the increased use of endoscopy. We
infer that the true population prevalence
of Barrett’s oesophagus has not changed
greatly, although the incidence of
oesophageal adenocarcinoma increased
10-fold. Many adenocarcinomas occurred
in patients without a previous diagnosis of
Barrett’s oesophagus, suggesting that
many people with this condition remain
undiagnosed in the community.
(Gut 2001;48:304–309)
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The incidence of adenocarcinoma of the
oesophagus and oesophagogastric junction has
increased greatly in western countries since
about 1970, especially in white males.1–4 The
cause of the increase is unknown, although risk
factors including smoking, obesity, and a
history of gastro-oesophageal reflux disease
have been identified,5–9 and an inverse relation-
ship to the declining prevalence of Helicobacter
pylori has been noted.10 The outlook for
patients with oesophageal adenocarcinoma is
poor; one review showed five year survival of
17% after surgical resection and <1% for unre-
sectable tumours.11

Most oesophageal adenocarcinomas arise in
a Barrett’s oesophagus.12 13 Adenocarcinoma of
the oesophagogastric junction may arise in
short or long segments of Barrett’s
oesophagus.12–14 In Barrett’s oesophagus, the
squamous epithelium of the distal oesophagus,
damaged by gastro-oesophageal reflux, is
replaced by columnar epithelium.15 16 In Bar-
rett’s oesophagus, there is an estimated 30–52
times increased risk of developing oesophageal
cancer.17 Patients with Barrett’s oesophagus are
usually advised to have periodic endoscopy and
biopsy17 18 for early detection of malignancy.

It is not clear if the increasing incidence of
adenocarcinoma is due to a greater prevalence
of Barrett’s oesophagus, a greater risk of malig-
nant transformation in Barrett’s oesophagus, or
mechanisms unrelated to Barrett’s oesophagus.
We sought to address this issue by examining
trends in the incidence, prevalence, and
outcome of Barrett’s oesophagus in a defined
population.

Materials and methods
Population based research is feasible in Olm-
sted County, Minnesota, because medical care
is virtually self contained within the commu-
nity and there are relatively few providers. The
major institution is the Mayo Clinic which has
maintained a common medical record with its
two aYliated hospitals for over 90 years.
Recorded diagnoses and surgical procedures
(including endoscopy) are indexed, including
diagnoses made for outpatients seen in oYce or
clinic consultations, emergency room visits, or
nursing home care, and diagnoses recorded for
hospital inpatients, autopsies, or on death cer-
tificates. Medical records of other providers
serving the local population, especially the
Olmsted Medical Center with its aYliated hos-
pital, are also indexed and retrievable. Thus
details of the medical care of county residents
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are available through this linked records
system, as described elsewhere.19

Using this unique database, we identified all
Olmsted County residents with a diagnosis of
Barrett’s oesophagus, or adenocarcinoma of
the oesophagus, oesophagogastric junction, or
stomach from 1 January 1965 to 1 January
1998. To capture cases of Barrett’s oesophagus
before the widespread use of the term Barrett’s
oesophagus as a diagnosis, we retrieved cases
indexed as oesophageal ulcer or miscellaneous
oesophageal disorder. We also retrieved a
group of cases indexed as having had endos-
copy and oesophageal biopsy. Thus a total of
approximately 900 patient records were identi-
fied. Minnesota law forbids review of medical
records for research if the patient has declined
authorisation.20 We were permitted to review
96.5% of records with a diagnosis of Barrett’s
oesophagus and 98.4% of records with a diag-
nosis of adenocarcinoma. The study was
approved by the Mayo Clinic and Olmsted
Medical Center institutional review boards.

Barrett’s oesophagus was defined as endo-
scopic visualisation of 3 cm or more of biopsy
proved columnar epithelium in the lower
oesophagus. Intestinal metaplasia was con-
firmed by review of the original histology
except in nine old cases, all with columnar epi-
thelium on oesophageal biopsy by pathology
report. Dysplasia was defined as previously
described.21 Short segment Barrett’s oesoph-
agus was defined as visualisation of columnar
epithelium <3 cm in length with intestinal
metaplasia. Patients with a biopsy showing
intestinal metaplasia, without visible Barrett’s
oesophagus or short segment Barrett’s oesoph-
agus, were excluded. Adenocarcinoma of the
oesophagus was defined by histological proof
of this neoplasm, with tumour mass centred (as
estimated from endoscopic, radiological, and
pathological records) >2 cm above the oesoph-
agogastric junction.13 Adenocarcinoma of the
oesophagogastric junction was diagnosed when
the tumour centre was estimated to be within
2 cm of the junction.

Each record was reviewed using a standard-
ised chart abstraction form. The number of
upper endoscopic examinations performed on
county residents was obtained from the surgi-
cal index. The indication for every endoscopic
examination in patients with Barrett’s oesoph-
agus was reviewed to determine if the proce-
dure was done for symptom evaluation or sur-
veillance only.

Follow up was undertaken to determine the
status of all patients on 1 January 1998.
Patients were sent a postal questionnaire with
subsequent telephone calls for non-responders.
Causes of death were identified using the
medical record or death certificates. Follow up
of patients who left the county was censored
when they moved away.

In the calculation of incidence and preva-
lence of Barrett’s oesophagus, patients found to
have Barrett’s oesophagus at the same time as
the diagnosis of an adenocarcinoma were
excluded. Incidence and prevalence rates were
adjusted to the age and sex distributions of the
1990 US white population.22 Survival was esti-

mated by the Kaplan-Meier method.23 Ob-
served survival was compared with the 1990
Minnesota white population using the log rank
test.24 A Poisson regression analysis was used to
assess age, sex, and time period eVects on
crude incidence rates.

Results
INCIDENCE AND PREVALENCE OF BARRETT’S
OESOPHAGUS

The first Barrett’s oesophagus (>3 cm) was
found in 1969. By 31 December 1997, this
diagnosis had been made in 117 Olmsted
County residents (86 male, 31 female, mean
age at diagnosis 64 years) without cancer at the
time Barrett’s oesophagus was diagnosed.
Mean length of columnar epithelium was 6.7
cm. The first short segment Barrett’s oesoph-
agus was recorded in 1989. By 31 December
1997, a diagnosis of short segment Barrett’s
oesophagus had been made in 37 county
residents (22 male, 15 female, mean age 57
years). Mean length of columnar epithelium in
short segment Barrett’s oesophagus was 1.7
cm.

The incidence trends for Barrett’s oesoph-
agus and short segment Barrett’s oesophagus
are shown in fig 1. The age and sex adjusted
incidence of Barrett’s oesophagus increased
from 0.37 (95% confidence interval (CI)
0–1.09) per 100 000 person years in 1965–69
to 10.5 (95% CI 6.7–14.2) per 100 000 in
1995–97. In 1995–97, the incidence of short
segment Barrett’s oesophagus was 8.8 cases
(95% CI 5.4–12.2) per 100 000 person years.

On 1 January 1998, 77 patients with a diag-
nosis of Barrett’s oesophagus lived in the
county, giving an age and sex adjusted
prevalence of Barrett’s oesophagus of 82.6
(95% CI 63.8–101.3) per 100 000 population.
This represented almost a fourfold increase
from the prevalence of 22.6 (95% CI 11.7–
33.6) per 100 000 on 1 January 1987. The
1998 prevalence of 147.8 (95% CI 108.9–
186.7) per 100 000 in males was 4.1 times
greater than that in females (36.0 (95% CI
19.0–53.1) per 100 000). On 1 January 1998,
34 patients with short segment Barrett’s
oesophagus lived in the county. The adjusted
prevalence of short segment Barrett’s oesoph-
agus was 33.4 (95% CI 21.0–44.8) per

Figure 1 Incidence of new diagnosis of Barrett’s
oesophagus (BO) and short segment Barrett’s oesophagus
(SSBO) in Olmsted County residents, 1965–97. Also
shown is the annual utilisation rate for upper
gastrointestinal endoscopy in the same population.
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100 000; 45.4 (95% CI 25.3–65.5) in males
per 100 000 versus 22.7 (95% CI 10.0–35.4)
per 100 000 in females.

Upper gastrointestinal endoscopy utilisation
in Olmsted County residents increased from
65 examinations per 100 000 person years in
1965–69 to 1457 in 1995–97 (fig 1). Alto-
gether, a total of 12 907 upper endoscopic
examinations were performed in Olmsted
County residents (6455 males and 6452
females) between 1965 and 1997.

OUTCOMES IN BARRETT’S OESOPHAGUS

Following the initial diagnostic endoscopy, 117
patients with Barrett’s oesophagus had 236
further endoscopic examinations (139 for sur-
veillance, 97 for other indications). For short
segment Barrett’s oesophagus, 37 patients had
31 surveillance and 12 non-surveillance endo-
scopic examinations. Only 45% of Barrett’s
oesophagus patients had at least one surveil-
lance examination.

DYSPLASIA

Thirty three patients with Barrett’s oesophagus
had low grade dysplasia on biopsy, one later
developing high grade dysplasia. Five Barrett’s
oesophagus patients had high grade dysplasia,
found at the same time as the Barrett’s oesoph-
agus in one case, and 2–10 years later in four
cases. In the five cases with high grade dyspla-
sia, early adenocarcinoma was subsequently
found by further biopsies (one case) or surgical
resection (one case). These patients were
treated by photodynamic therapy or surgical
resection and all five were cancer free at a
median 4.5 years later. One patient with short
segment Barrett’s oesophagus had resection for
high grade dysplasia without carcinoma

DEVELOPMENT OF CANCER

Four of 117 patients with Barrett’s oesophagus
and no cancer at the time of first diagnosis were
later found to have adenocarcinoma. Based on
US incidence rates, the expected number was
0.043 cases, indicating a 93 (95% CI 25–237)
times increased cancer risk in Barrett’s oesoph-
agus. The 117 patients were followed for a
mean of 5.0 years, the four cancers occurring at
a rate of 1 per 146 patient years. None of 37
short segment Barrett’s oesophagus patients
developed cancer with a mean follow up of 2.3
years. During 120 patient years of follow up,
two patients with Barrett’s oesophagus and low
grade dysplasia developed adenocarcinoma.

Two of the four adenocarcinomas were
detected by surveillance of asymptomatic
patients and two were found when endoscopy
was performed for symptom evaluation. Three
of four were early cancers. The two with
preceding high grade dysplasia are described
above. Another patient had a 9 cm Barrett’s
oesophagus when reflux symptoms were inves-
tigated in 1986. He had surveillance endoscopy
every two years. In 1996, when asymptomatic
and aged 77, biopsy showed adenocarcinoma
and high grade dysplasia. A T1 N0 M0 adeno-
carcinoma was resected and he was well two
years later. The fourth patient had a 10 cm
Barrett’s oesophagus found when reflux symp-

toms were investigated. His next endoscopy,
performed eight years later for new onset dys-
phagia, showed unresectable adenocarcinoma.

SURVIVAL IN BARRETT’S OESOPHAGUS

Figure 2 shows survival of 117 patients with
Barrett’s oesophagus and no cancer at the time
of diagnosis. By 1 January 1998, 35 patients
had died. Overall survival in Barrett’s oesoph-
agus was significantly less than expected
(p=0.0006). Only one of 35 (3%) deaths was
due to oesophageal cancer. The other 34
patients died of causes unrelated to the
oesophagus. Many patients who died were eld-
erly, the mean age in this group being 74 years
at the time of diagnosis of Barrett’s oesophagus
and 78 at death.

INCIDENCE OF ADENOCARCINOMA

From 1965 to 1997, 24 cases of oesophageal
adenocarcinoma (17 male, seven female, mean
age 66 years) and 40 adenocarcinomas of the
oesophagogastric junction (35 male, five fe-
male, mean age 69 years) were diagnosed in
county residents (fig 3). Comparing 1965–74
with 1990–97, the incidence of oesophageal
adenocarcinoma increased from 0.2 to 2.0 and
junction adenocarcinoma increased from 0.2
to 2.3 per 100 000 person years. Although it
appears in fig 3 that the incidence rate has lev-
elled oV since 1985, regression analysis did not
detect a significant departure from linearity
(p>0.1).

ADENOCARCINOMA WITH BARRETT’S OESOPHAGUS

Only four (6.3%) of the 64 patients with
adenocarcinoma had Barrett’s oesophagus di-
agnosed >1 year before the cancer was found.

Figure 2 Survival of 117 Olmsted County residents with
Barrett’s oesophagus (3 cm or longer) was less than
expected for the US white population of similar age and sex
(p=0.0006). Numbers at risk are shown.
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These are described above. A further 17
patients had Barrett’s oesophagus found at the
same time as the cancer (13 with Barrett’s
oesophagus, one with short segment Barrett’s
oesophagus, and three with Barrett’s oesoph-
agus of unrecorded length). Overall, 14 of 24
(58%) patients with adenocarcinoma of the
oesophagus had coexisting Barrett’s oesoph-
agus. Of 40 patients with adenocarcinoma of
the oesophagogastric junction, three had Bar-
rett’s oesophagus, one had short segment Bar-
rett’s oesophagus, and three had Barrett’s
oesophagus of uncertain length.

Discussion
The increasing incidence of adenocarcinoma of
the oesophagus and oesophagogastric
junction1–4 in the 1970s and 1980s surpassed
that of any other cancer in the USA.1 We found
an approximately 10-fold increase in adenocar-
cinoma in both locations over an interval of 25
years. In absolute numbers these cancers are
still uncommon, the 1990–1997 Olmsted
County annual incidence being 4.3 cases per
100 000 for both sites combined.

Most oesophageal and some junction adeno-
carcinomas arise in Barrett’s oesophagus. We
found that both the incidence of adenocarci-
noma and prevalence of Barrett’s oesophagus
showed a male:female ratio of about 4:1. The
incidence of adenocarcinoma in our Barrett’s
oesophagus patients was 1 per 146 patient
years of follow up, comparable with 1 per 180,25

1 per 184,26and 1 per 22227 patient years in
recent reports (excluding cases of short seg-
ment Barrett’s oesophagus).

The rate of new diagnosis of Barrett’s
oesophagus increased 28-fold over the years of
our study from 0.37 to 10.5 cases per 100 000
person years. The increased diagnosis rate of
Barrett’s oesophagus was similar to the 22-fold
increased utilisation rate of endoscopy over the
same years. Prach and colleagues28 in Scotland
found 1.4 Barrett’s oesophagus cases per 1000
endoscopies in 1980–1981, with a remarkable
increase to 42.7 per 1000 endoscopies 12 years
later. These authors concluded that a true
increase in the prevalence of Barrett’s oesoph-
agus had occurred. In contrast, we found a new
Barrett’s oesophagus in only 0.75% of endo-
scopies performed in 1995–7 (see fig 1). We
believe that an increased detection rate ex-
plains most of the increase in diagnosed cases
in our county. We do not know why our results
diVer from those of Prach et al but patient
selection or population diVerences may be
responsible. Supporting our suggestion that the
prevalence of Barrett’s oesophagus may have
changed little in recent decades, we note that
Allison and Johnstone29 found Barrett’s
oesophagus in 11 of 115 patients with stric-
tures seen in Leeds in 1951–3. Naef and
Savary30 in Switzerland found Barrett’s oesoph-
agus in 1.25% of 4950 endoscopies from
1963–71. These historical data are similar to
the present findings. It seems unlikely that the
true prevalence of Barrett’s oesophagus has
increased 10-fold as has the incidence of
adenocarcinoma of the oesophagus and
oesophagogastric junction. Barrett’s oesoph-

agus is caused by gastro-oesophageal reflux15

but the prevalence of reflux symptoms may also
be unchanged. Weekly or more frequent heart-
burn was reported in 21% of adults in 197631

and in 19.8% in Olmsted County in 1997.32

The evidence suggests that Barrett’s oesoph-
agus is under diagnosed in the general popula-
tion. In prospective studies of subjects with fre-
quent (at least weekly) reflux symptoms,
Barrett’s oesophagus was found in 11–12%.33 34

These earlier studies included some patients
without intestinal metaplasia, and we believe
the prevalence of Barrett’s oesophagus in reflux
subjects may be nearer 5%.35 If approximately
20% of adults have frequent reflux symp-
toms31 32 and 5% of these have Barrett’s
oesophagus, then about one in 100 adults may
have Barrett’s oesophagus. Barrett’s oesoph-
agus is more prevalent in older subjects, but
even so, this estimate of the “true” prevalence is
much greater than the clinically diagnosed
prevalence of 1 in 1210 (82.6 per100 000)
found in our study.

In a 1987 autopsy study, we estimated the
“true” population prevalence of Barrett’s to be
376 per 100 000.36 The clinically diagnosed
prevalence of Barrett’s oesophagus in our
county is now 82.6 per 100 000, and if the true
prevalence has not changed, we may now have
diagnosed approximately one in five of the
Barrett’s oesophagus cases in the population.

Of our 64 patients with adenocarcinoma, 21
had Barrett’s oesophagus or short segment
Barrett’s oesophagus. Only four of 21 had Bar-
rett’s oesophagus found >1 year before the
cancer; in 17 cases Barrett’s oesophagus was
found at the same time as the cancer. These
findings are similar to other reports. For exam-
ple, Lagergren and colleagues8 found Barrett’s
oesophagus at the time of cancer diagnosis in
62% of 189 cases of oesophageal adenocarci-
noma. Barrett’s oesophagus had apparently not
been recognised previously. In contrast, Chow
and colleagues5 found that only 5% of 196
patients with adenocarcinoma of the oesoph-
agus or cardia had a previously diagnosed Bar-
rett’s oesophagus. We believe that many
subjects with Barrett’s oesophagus remain
undiagnosed unless they develop cancer. It fol-
lows that surveillance and early treatment of
malignancy in known cases of Barrett’s oesoph-
agus will have limited impact on the population
death rate from oesophageal cancer.

Surveillance in Barrett’s oesophagus was
endorsed by the American College of Gastro-
enterology.18 In our 117 Barrett’s oesophagus
patients, 139 surveillance endoscopic examina-
tions detected two early adenocarcinomas and
two cases of high grade dysplasia. These
patients had resection or photodynamic treat-
ment and remained well, hence cancer deaths
may have been prevented by surveillance. Sur-
vival is greater when adenocarcinomas are
resected early37 38 although this eVect may be
exaggerated by lead time and length bias,39 and
oesophagectomy has a mortality rate of 3–17%,
lowest in hospitals where the operation is
performed more often.40 Surveillance in Bar-
rett’s oesophagus may be beneficial as shown in
a decision analysis study11 41; however, another
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group concluded that surveillance was not
helpful based on a non-surveyed experience.25

Survival of our Barrett’s oesophagus patients
was less than the general population but only
one of our 35 patients with Barrett’s oesoph-
agus and no cancer initially died later from
oesophageal adenocarcinoma. The reason for
this worsened survival is not clear. Possibly,
patients with pre-existing illness already seeing
a physician are more likely to have endoscopy
and to have a Barrett’s oesophagus found than
other members of the population.

We have not used endoscopy to screen our
general population for Barrett’s oesophagus
because gastro-oesophageal reflux disease is so
common. Screening all those with reflux symp-
toms would still miss the estimated 40% of
patients with adenocarcinoma and Barrett’s
oesophagus who do not have chronic reflux
symptoms.37 38 42

Junction adenocarcinomas may arise in short
segment Barrett’s oesophagus.12–14 We defined
short segment Barrett’s oesophagus by visible
short tongues or segments (<3 cm) of colum-
nar mucosa in the oesophagus with intestinal
metaplasia on biopsy. This definition43 distin-
guishes short segment Barrett’s oesophagus
from intestinal metaplasia found just below a
normally located squamocolumnar junction
which is present in about 15% of patients hav-
ing endoscopy if biopsies are taken.44–46 It is
unknown if such intestinal metaplasia of the
cardia carries any increased cancer risk; we did
not address this condition in our study.

We attribute the increased detection rate of
short segment Barrett’s oesophagus after 1989
to awareness of this condition. Previously, short
lengths of columnar epithelium were not
recorded as Barrett’s oesophagus. The risk of
cancer in short segment Barrett’s oesophagus is
not clear. In one report27 one case developed in
223 patient years of follow up. We found short
segment Barrett’s oesophagus with adenocarci-
noma in one case and with high grade dyspla-
sia in another.

In summary, we have shown that the
incidence and prevalence of clinically diag-
nosed Barrett’s oesophagus has increased and
we provide the first population based data on
the prevalence of short segment Barrett’s
oesophagus. The majority of subjects with Bar-
rett’s oesophagus are not diagnosed or having
surveillance. The true population prevalence of
Barrett’s oesophagus may not have increased
since 1965. The reason for the increased
incidence of adenocarcinoma of the oesoph-
agus and oesophagogastric junction remains
unclear. Changed environmental factors might
promote the development of adenocarcinoma
in Barrett’s oesophagus rather than promote
the development of Barrett’s oesophagus.

This work was supported by the Mayo Foundation and grant
AR 30582 from the National Institutes of Health, US Public
Health Service.
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