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Background and aims: While patients with Barrett’s oesophagus develop oesophageal adenocarcinoma
more frequently than the general population, it has controversially been suggested that gastro-
oesophageal reflux (GORD) itself is a more important determinant of risk. In order to assess the validity of
this suggestion, we examined the risk of oesophageal cancer in patients with Barrett’s and with GORD
compared with the general population in a community based cohort study.
Methods: Cohorts of patients with Barrett’s (n = 1677), oesophagitis (n = 6392), and simple reflux
(n = 6328), and a reference cohort (n = 13416) were selected from the General Practice Research
Database. The last three cohorts were matched to the Barrett’s cohort by general practitioner practice, age,
and sex. Cox’s regression analysis was used to calculate relative risks for oesophageal cancer.
Standardised incidence ratio methodology was used to estimate the relative risks for oesophageal
adenocarcinoma.
Results: A total of 137 oesophageal cancers were identified, of which 94 prevalent cases were excluded.
The hazard ratios for oesophageal cancer were 10.6 (5.1–22.0), 2.2 (0.9–5.2), and 1.7 (0.7–4.5) in the
Barrett’s, oesophagitis, and reflux cohorts compared with the reference cohort, respectively. The
corresponding relative risks for oesophageal adenocarcinoma were 29.8 (9.6–106), 4.5 (1.04–19.6),
and 3.1 (0.6–14.2).
Conclusion: Barrett’s oesophagus increases the risk of oesophageal cancer approximately 10 times and
oesophageal adenocarcinoma approximately 30 times compared with the general population. There is
only a modestly increased risk of oesophageal cancer in patients with reflux who have no record of
Barrett’s oesophagus. Our findings therefore do not support the suggestion that gastro-oesophageal reflux
disease itself predisposes to cancer.

B
arrett’s oesophagus is recognised as a premalignant
condition, with the incidence of adenocarcinoma in
those with Barrett’s being much higher than in the

general population.1–26 There have been at least 27 cohort
studies with relative risk estimates varying from as low as 30-
fold27 to more than 500-fold.18 Most have been based on
relatively small numbers of cancers developing (maximum
eight cancers) and of years of follow up. Most were also
unable to adjust for age and sex differences and lacked an
internal control group necessitating comparisons with
population incidence values. A recent review of the risk of
adenocarcinoma in Barrett’s oesophagus28 concluded that
publication bias may have resulted in an overestimate of the
cancer risk.
Moreover, the findings of a Swedish case control study29

have raised questions as to the critical role of Barrett’s
oesophagus. In 38% of oesophageal adenocarcinoma cases in
this study, Barrett’s oesophagus could not be identified, and
yet the strength of the association between reflux symptoms
and cancer was as strong in these cases as it was in those
cases where Barrett’s could be identified. Hence Lagergren et
al hypothesised that gastro-oesophageal reflux disease
(GORD) rather than Barrett’s oesophagus may be the crucial
factor in the aetiology of oesophageal adenocarcinoma. To
date, this hypothesis has not been tested.
We have therefore conducted a large cohort study using

prospectively gathered data from the General Practice
Research Database (GPRD) to examine whether GORD
confers the same risk of oesophageal cancer as Barrett’s
oesophagus.

METHODS
We selected study subjects from GPRD, the largest electronic
database of longitudinal primary care records in the world,
with over 40 million patient years of follow up data. The
database, established in 1987, contains the medical history of
patients, as recorded by their general practitioner at every
visit. Information transfers automatically from the desktop
computer of the general practitioner to the database and
includes all signs, symptoms, prescribed drugs, hospital
letters, and communications with other health institutes.
The data from GPRD practices are audited regularly and must
contain at least 95% of all morbidity and prescribing
information for the participating practice before being
regarded as providing ‘‘up to standard’’ data.30

All patients having a record of ‘‘Barrett’s oesophagus’’,
‘‘Barrett’s ulcer’’, or ‘‘columnar lined oesophagus’’ in the
GPRD between 1987 and 2001 were included in the Barrett’s
cohort. Three further cohorts were selected for comparison.
The first (the oesophagitis cohort) consisted of those people
who had a record of reflux related oesophagitis, excluding
chemical, acute, gangrenous, phlegmonous, and postopera-
tive oesophagitis but without any record of Barrett’s. The
second cohort (the simple reflux cohort) contained subjects
who had a record of gastro-oesophageal reflux and no record
of any antireflux operations, Barrett’s oesophagus, or
oesophagitis. The third cohort (the standard reference
cohort) was selected without restriction other than not

Abbreviations: GPRD, General Practice Research Database; GORD,
gastro-oesophageal reflux disease; SIR, standardised incidence ratio
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having Barrett’s oesophagus (that is, to represent the general
population). Subjects in the oesophagitis, simple reflux, and
standard reference cohorts were 4/1, 4/1, and 8/1, respec-
tively, matched to each Barrett’s case by age, sex, and general
practitioner practice, and were alive and contributing data at
the date of the first diagnosis of Barrett’s oesophagus in their
matched Barrett’s case (the index date).
We defined the start and end date of the follow up periods

for the study subjects within the available up to standard
GPRD records. The start date of the follow up period was
defined for each individual as the first diagnosis of Barrett’s
in the Barrett’s cohort (the index date), the first diagnosis of
oesophagitis or the index date whichever was the latest in the
oesophagitis cohort, the first diagnosis of reflux or the index
date whichever was the latest in the reflux cohort, and the
index date in the standard reference cohort. Follow up ended
at the end of the available up to standard GPRD records. Age
at the beginning of the follow up period was used for the
analysis which was grouped in 10 year categories. All
oesophageal cancers that occurred before the start or in the
first year of the follow up period in the Barrett’s, oesopha-
gitis, and reflux cohorts were regarded as prevalent cases and
excluded from the analyses. (Symptoms of oesophageal
cancer might have led these subjects to seek medical
attention. Hence any oesophageal cancer diagnosed in these
subjects shortly after the start of the relevant follow up period
would have been prevalent at the time of the start of this
period.) For the standard reference cohort, only oesophageal
cancer cases occurring before the start of the follow up were
regarded as prevalent.
We used Cox’s proportional hazards regression analysis to

estimate the hazard ratios and their 95% confidence intervals
(CI). The proportional hazards assumption was checked by
plotting log cumulative hazard plots. The analysis was
repeated for men and women separately and the interaction
between sex and study cohort was explored. Information on a
number of possible confounding factors, including smoking,
alcohol consumption, and body mass index was extracted
and their possible confounding effects were explored while
using a separate category for missing values. Restriction

analysis was performed selecting those subjects in the
Barrett’s, oesophagitis, and reflux cohorts having a record
of endoscopy in their available GPRD records and their
corresponding matched standard reference cohort. SPSS 11,
Stata 7 (Stata Corporation, Texas, USA), confidence interval
analysis (CIA), and Microsoft Excel 97 programs were used
for analysis.
As histology was not available for the majority of

oesophageal cancer cases, the relative risk of oesophageal
adenocarcinoma in study cohorts could not be calculated
directly by the Cox method and therefore was estimated
using the standardised incidence ratio (SIR) method.
Incidence rates were calculated by dividing the number of
oesophageal cancers by the person years of follow up, and
95% CI were calculated based on the Poisson distribution. In
order to estimate the number of ‘‘observed oesophageal
adenocarcinomas’’ in each cohort, we made the assumption
that the incidence of squamous and other non-adenocarci-
noma oesophageal cancers would be the same in each study
cohort regardless of the presence of Barrett’s or oesophagitis.
For this purpose, firstly the expected numbers of non-
adenocarcinoma cancers were calculated using the popula-
tion age and sex specific incidence values for England and
Wales between 1988 and 1993 and were corrected in the
Barrett’s, oesophagitis, and reflux cohorts using the formula:
expected number of non-adenocarcinoma 6 observed/
expected numbers of oesophageal cancers in the standard
reference cohort. The correction was necessary because the
number of observed oesophageal cancers in our standard
reference cohort was slightly greater than the expected
number calculated from the population incidence rates.
Estimated numbers of ‘‘observed oesophageal adenocarcino-
mas’’ were found by subtracting the number of corrected
expected non-adenocarcinoma cancers from all observed
cases of oesophageal cancer in the cohorts. Using population
incidence values in England and Wales between 1988
and 1993, the SIR and the ratio of each SIR (SIR ratio)
compared with the standard reference cohort as well as their
CI were calculated. The analysis was repeated for men and
women.

Table 1 Characteristics of the study cohorts

Men Women

Barrett’s Oesophagitis Reflux
Standard
ref Barrett’s Oesophagitis Reflux

Standard
ref

No of subjects (n = 27 813) 1033 3897 3828 8264 644 2495 2500 5152
(% in each cohort) 62% 61% 60% 62% 38% 39% 40% 38%

Mean age (y) 61.0 61.3 61.1 61.0 67.8 68.2 67.9 67.8
Available UTS records in GPRD (y) 7971 32260 31657 65446 5071 21147 20933 41277
Follow up used in the analysis (y) 1628 4505 4383 20511 987 3001 2860 12579
Total oesophageal cancer (n = 137) 22 35 20 15 12 16 9 8

Already diagnosed at the start (n = 54) 4 21 7 3 1 9 5 4
Within first year of follow up (n = 45) 9 9 9 4 7 4 2 1
Beyond first year of follow up (n = 38) 9 5 4 8 4 3 2 3

Having endoscopy record 62% 36% 22% 7% 59% 36% 22% 8%
Smoking

Never or non-smoker 48% 48% 50% 44% 64% 62% 63% 59%
Ex-smoker 16% 15% 14% 12% 9% 9% 9% 8%
Current smoker 17% 20% 20% 16% 9% 12% 12% 10%
Missing 19% 18% 17% 28% 17% 18% 16% 24%

Alcohol
Non-drinkers 11% 9% 10% 8% 21% 19% 20% 16%
Infrequent drinkers (rarely or occasionally) 14% 17% 17% 14% 23% 24% 24% 22%
Regular drinkers 17% 17% 17% 14% 8% 10% 9% 10%
Missing 58% 56% 56% 64% 49% 47% 47% 51%

Body mass index
Normal weight (18–24) 29% 30% 30% 27% 28% 32% 32% 33%
Overweight (25–29) 37% 37% 38% 31% 31% 29% 30% 25%
Obese (.30) 10% 11% 11% 10% 17% 15% 15% 12%
Missing 24% 22% 21% 31% 25% 24% 23% 29%

UTS, up to standard.
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RESULTS
Overall, there were 1677 subjects in the Barrett’s cohort, 6392
in the oesophagitis cohort, 6328 in the reflux cohort, and
13 416 in the standard reference cohort, making a total of
27 813 subjects with, on average, eight years available GPRD
records between 1987 and 2001. Characteristics of the study
cohorts are summarised in table 1. Patients in the Barrett’s
oesophagus cohort were predominantly men (62%) and the
women were, on average, seven years older than men at the
time of diagnosis of Barrett’s. A total of 137 cases of
oesophageal cancer were identified in the available GPRD
records of the study subjects. Of these, 54 had already been
diagnosed at the start of follow up and 40 more cases were
diagnosed in the first year of follow up in the Barrett’s,
oesophagitis, and reflux cohorts and were excluded from the
analysis as being prevalent cases. The remaining 43 incident
oesophageal cancers were used in the final analysis. The
absolute risk (crude incidence rate) was estimated in
Barrett’s oesophagus cohort using the number of incident
cancers and the person years of follow up (table 1). The
absolute risk for oesophageal cancer was 1 in 201 person
years in men and women altogether. This value was 1 in 181
for men and 1 in 247 for women.
The hazard ratios for developing oesophageal cancer

compared with the standard reference cohort were 10.6
(95% CI 5.1–22.0) for the Barrett’s cohort, 2.2 (95% CI 0.9–
5.2) for the oesophagitis cohort, and 1.7 (95% CI 0.7–4.5) for
the simple reflux cohort (table 2, fig 1). The relative risks
were similar in men and women, with no significant
interaction being detected between study cohorts and sex.
No substantial confounding effects were detected for smok-
ing, alcohol, and body mass index in multivariate analysis.
Repeating the analysis for those subjects in the Barrett’s,

oesophagitis, and reflux cohorts who also had a record of
endoscopy in their available GPRD records and their
corresponding matched subjects from the standard reference
cohort, increased the relative risk estimates for the Barrett’s
cohort to 22.1 (95% CI 8.7–56.6) but left the relative rate for
the oesophagitis and reflux cohorts relatively unchanged (2.8
(95% CI 1.0–7.7) and 1.1 (95% CI 0.1–8.3), respectively).
The relative risks of oesophageal cancer estimated by the

SIR method were similar to those estimated by Cox
regression, and the estimates for men and women were
virtually the same (table 3). Using the SIR method, the risk of
oesophageal adenocarcinoma was estimated to be 29.8 (95%
CI 9.6–106), 4.5 (95% CI 1.04–19.6), and 3.1 (95% CI 0.6–
14.2) in the Barrett’s, oesophagitis, and simple reflux cohorts
compared with the standard reference cohort, respectively.

DISCUSSION
Our study shows that the risk of oesophageal cancer is
increased by approximately 10-fold in patients with Barrett’s
oesophagus compared with the general population. The
increase in risk is substantially lower in oesophagitis and
simple reflux (approximately 2–3 fold in both cohorts).
Estimation of the risk of oesophageal adenocarcinoma
yielded higher values of relative risk of approximately 30,
4.5, and 3 for Barrett’s, oesophagitis, and reflux cohorts,
respectively. Although we had only limited power to examine
the differences in risk for men and women with Barrett’s, our
findings suggest that their crude risks for oesophageal cancer
are not dissimilar.
The data collected within the GPRD is audited so as to

ensure that at least 95% of all morbidity and prescribing
information is recorded. Nevertheless, it is possible that some
conditions may be under recorded and that some degree of
misclassification could be present in the study cohorts. The
lower percentages of records with endoscopy recorded in the
oesophagitis and reflux cohorts compared with the Barrett’s
cohort suggests that it is more likely that these cohorts will
contain some misclassified cases of Barrett’s oesophagus
resulting in overestimation of the cancer risk in these groups,
which will have a conservative effect on the conclusions
drawn in this study. However, we believe that Barrett’s
oesophagus is a diagnosis unlikely to be used by general
practitioners without endoscopic and/or histological confir-
mation. We would expect therefore a level of validity for
Barrett’s similar to inflammatory bowel disease, which has
been shown to be a highly valid diagnosis within the GPRD.31

When we performed a restriction analysis on only those
individuals with a record of endoscopy, we found risk
estimates of 22.1 (8.7–56.6), 2.8 (1.0–7.7), and 1.1 (0.1–8.3)
for the Barrett’s, oesophagitis, and reflux cohorts, respec-
tively. The increase in the risk estimates in the Barrett’s
cohort and the minimal changes in the oesophagitis/simple
reflux cohorts supports the assumed effect of possible
misclassification. Indeed, we might expect those subjects
with at least one endoscopy record in their GPRD record to
represent a more severe subgroup of cases, so it is
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Figure 1 Predicted survival function in the study cohorts adjusted for
age and sex.

Table 2 Hazard ratios (HR) and 95% confidence intervals (CI) of oesophageal cancer in the study cohorts adjusted for age and
sex

Cohorts

All Men Women

Cancer* HR (95% CI) Cancer HR (95% CI) Cancer HR (95% CI)

Barrett’s 13 10.6 (5.1–22.0) 9 9.9 (4.2–23.5) 4 12.6 (3.2–50.5)
Oesophagitis 8 2.2 (0.9–5.2) 5 1.9 (0.7–5.4) 3 3.3 (0.7–14.9)
Simple reflux 6 1.7 (0.7–4.5) 4 1.6 (0.5–4.9) 2 2.4 (0.4–13.4)
Standard ref 16 1.00 12 1.00 4 1.00

*Number of incident cancers.
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unsurprising that by restricting in this way we found a
doubling of the risk estimate in the Barrett’s cohort.
Although only 61% of subjects in the Barrett’s cohort had a
record of endoscopy in their available follow up periods, it
should be appreciated that lack of a record of endoscopic
examination does not necessarily indicate lack of endoscopy.
It is possible for the result of or diagnosis made at an
endoscopy to be recorded without also recording that
endoscopy had been performed.
Our estimate of the adenocarcinoma risk (SIR) was based

on two assumptions. Firstly, that Barrett’s or oesophagitis
has little effect on the risk of non-adenocarcinoma cancer
and secondly, that the proportion of oesophageal cancer
without histological confirmation is small. Indeed, data from
the Office of National Statistics32 shows that the proportion of
cancers without histological confirmation during the period
we used for our reference rates was less than 0.5%.
Our study included 1677 people with Barrett’s oesophagus

who contributed more than 2600 person years at risk selected
from the general population of the UK. The only larger cohort
study of oesophageal cancer in Barrett’s, recently published
from Northern Ireland,33 found an incidence of oesophageal
adenocarcinoma of 4/1000 person years, which is similar to
our estimate of 5/1000 for all oesophageal cancers. Although
we were unable to adjust for socioeconomic status, our
cohorts were closely matched for age, sex, and community to
minimise the effect of confounding by these and other
related variables. We were also able to examine the effect of
smoking, alcohol, and body mass index on risk estimates.
Notwithstanding the presence of some missing data for these
variables, in the event we found no evidence of confounding
by these factors. In addition, our study included cohorts of
patients with oesophagitis and reflux alone, allowing a better
understanding of the actual risk of oesophageal cancer in
these groups than has previously been possible.
Our finding of a large difference between the relative risk

estimates for developing oesophageal cancer and adenocarci-
noma of the oesophagus in the Barrett’s cohort (approxi-
mately 10 and 30, respectively) in comparison with the
oesophagitis and simple reflux cohorts (approximately 2–3
and 3–4.5, respectively) is of particular interest. This
contrasts with the argument made by some researchers that
oesophageal reflux per se could play a major role in the
development of oesophageal adenocarcinoma.29 34 35 The large

difference between the risk estimates for the Barrett’s cohort
compared with those for the oesophagitis and reflux cohorts
indicates the importance of Barrett’s oesophagus in these
patients. The much lower risk of oesophageal cancer in
simple reflux and even oesophagitis supports the idea that
development of Barrett is an important step in the neoplastic
transformation of lower oesophageal epithelium exposed to
the carcinogenic gastric reflux.6 36

The similarity of relative and absolute risk of oesophageal
cancer in men and women with Barrett’s oesophagus is also
of importance. While the age adjusted incidence of oesopha-
geal adenocarcinoma in women is approximately a third of
that in men in several countries, including the UK,37–42 our
results suggest that in patients with Barrett’s the crude
incidence rate in men and women is not so different. While
this is a reflection of the seven year sex difference in age at
diagnosis of Barrett’s oesophagus, it does suggest that the
clinical approach towards men and women diagnosed with
Barrett’s should be the same.
In summary, our study showed that Barrett’s oesophagus

increased the risk of oesophageal cancer by approximately
10-fold and oesophageal adenocarcinoma by approximately
30-fold in comparison with the general population. The risk
was similar in men and women, indicating that once men or
women develop Barrett’s oesophagus they are at a similar
risk of developing oesophageal adenocarcinoma. There was
only a modest increase in the risk of oesophageal cancer in
patients diagnosed with oesophagitis or uncomplicated reflux
without having Barrett’s oesophagus. The important practical
implication of these findings is that diagnosis of Barrett’s
oesophagus should remain a major turning point in mana-
ging patients with gastro-oesophageal reflux with regard to
their risk of developing oesophageal adenocarcinoma.
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Table 3 Standardised incidence ratios (SIR) and 95% confidence intervals (CI) of oesophageal cancer and estimation of
oesophageal adenocarcinoma in the study cohorts

Oesophageal cancer Estimation for oesophageal adenocarcinoma

Obs
OC

Exp
OC

SIR
(95% CI)

SIR ratio
(95% CI)

Exp
non-
OAC

Exp*
non-
OAC

Est
Obs
OAC

Exp
OAC

SIR
(95% CI)

SIR ratio
(95% CI)

All men and women (43 cancers)
Barrett’s 13 1.0 13 (7–22.2) 9.8 (4.3–21.6) 0.65 0.87 12.13 0.31 39.1 (20.2–68.3) 29.8 (9.6–106)
Oesophagitis 8 2.8 2.9 (1.2–5.6) 2.1 (0.8–5.3) 1.95 2.6 5.4 0.9 6.0 (1.9–14) 4.5 (1.0–19.6)
Reflux 6 2.7 2.2 (0.8–4.8) 1.7 (0.5–4.5) 1.87 2.49 3.51 0.86 4.1 (1.1–10.5) 3.1 (0.6–14.2)
Standard ref 16 12.0 1.3 (0.8–2.2) 1.00 8.16 10.88 5.12 3.84 1.3 (0.4–3.1) 1.00

Men (30 cancers)
Barrett’s 9 0.6 15 (6.9–28.5) 10.3 (3.8–26.5) 0.4 0.59 8.41 0.25 33.6 (14.5–66.3) 23.2 (6.6–89)
Oesophagitis 5 1.9 2.6 (0.9–6.1) 1.8 (0.5–5.5) 1.16 1.7 3.3 0.71 4.6 (1–13.6) 3.2 (0.5–16.3)
Reflux 4 1.8 2.2 (0.6–5.7) 1.5 (0.4–5) 1.12 1.64 2.36 0.68 3.5 (0.4–12.5) 2.4 (0.2–14.4)
Standard ref 12 8.2 1.5 (0.8–2.6) 1.00 5.07 7.45 4.55 3.1 1.5 (0.5–3.4) 1.00

Women (13 cancers)
Barrett’s 4 0.3 13.3 (3.6–34.1) 12.7 (2.4–68) 0.25 0.26 3.74 0.06 62.3 (22–130.6) 60.3 (5.9–2949)
Oesophagitis 3 1.0 3 (0.6–8.8) 2.9 (0.4–16.8) 0.79 0.83 2.17 0.19 11.4 (1.4–41.3) 10.9 (0.6–648)
Reflux 2 0.9 2.2 (0.3–8) 2.1 (0.2–14.7) 0.75 0.78 1.22 0.18 6.8 (0.2–37.8) 6.5 (0.08–511)
Standard ref 4 3.8 1.1 (0.3–2.7) 1.00 3.09 3.23 0.77 0.74 1.0 (0.03–5.8) 1.00

*Corrected.
Obs, observed; Exp, expected; OC, oesophageal cancer; OAC, adenocarcinoma.
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