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Abstract

OBJECTIVES—Esophageal adenocarcinoma (EAC) is a devastating disease that has risen in
incidence over the past several decades. Barrett's esophagus (BE) is an associated premalignant
lesion. Current preventative efforts rely on endoscopic screening of individuals with
gastroesophageal reflux disease (GERD) symptoms and surveillance endoscopy for those with BE.
However, some recent studies have found a high prevalence of BE in patients without GERD, and
others have found little or no association with GERD. We hypothesized that studies of higher-
quality design show weaker associations of GERD with BE, and that GERD is only weakly
associated with short-segment Barrett's esophagus (SSBE).

METHODS—We performed a systematic literature search in multiple online electronic databases
regardless of language. Eligible studies required visualization of columnar mucosa and
histological confirmation of intestinal metaplasia, and GERD symptoms ascertained by
questionnaire or interview. The highest-quality sampling design was defined a priori by both
cases and controls identified among unselected research volunteers (“research design”) rather than
by patients selected for endoscopy for clinical indications (“clinical design”), which introduces
selection and ascertainment bias. A priori, heterogeneity was defined by Cochrane's Q P < 0.20
and the inconsistency index (12; 25% low, 50% moderate, and 75% high). Heterogeneity of results
can reflect significant differences in study design or effect modification by strata of outcomes.

RESULTS—Systematic review identified 13,392 citations. Evaluation identified 108 potentially
relevant journal articles, of which 26 met eligibility. Of these, 14 studies identified cases of BE
and controls based on clinical indication (“clinical design™), and 6 used the “research design.” The
remaining six studies identified cases of BE from patients undergoing endoscopy for clinical
indication and controls among patients without known BE (“cases clinical/controls research”). The
summary odds ratio (OR) for the association of GERD with BE from all studies was 2.90 (95%
confidence interval (CI), 1.86-4.54), but the results were very heterogeneous (P = 0.0001; 12 =
89%). When stratified by BE length and sampling design, the studies with clinical design showed
substantial, but heterogeneous, associations with SSBE (OR, 2.38; 95% Cl, 1.21-4.70; P = 0.02;
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12 = 62%), and stronger and homogeneous association with long-segment BE (LSBE; fixed effects
OR, 2.96; 95% ClI, 1.69-5.19; P = 0.25; |2 = 25%). In the research study design, stratifying by
length of BE resolved the heterogeneity and showed a strong association between GERD and
LSBE (fixed effects OR, 4.92; 95% Cl, 2.01-12.0; P = 0.30; 12 = 19%) and no association with
SSBE (fixed effects OR, 1.15; 95% CI, 0.763-1.73; P = 0.84; 12 = 0%). Funnel plots showed
potential evidence for bias against dissemination of small negative studies.

CONCLUSIONS—In the highest-quality studies, GERD symptoms are not associated with
SSBE, but increased the odds of LSBE by fivefold. GERD symptoms can serve as a reliable
predictor of LSBE, but not SSBE. If SSBE is considered worthy of identification, then current
screening practices do not select patients at risk for endoscopy, and alternative methods of
selection for screening need to be developed.

INTRODUCTION

Over the past three decades, the incidence of esophageal adenocarcinoma (EAC) has risen
rapidly (1,2). Symptoms of gastroesophageal reflux disease (GERD), such as heartburn or
regurgitation, have been associated with an increased risk of cancer(3-9). However,
approximately 50% of EAC patients report no previous history of symptoms of GERD
(3,10,11). Barrett's esophagus (BE) is a metaplastic change in the esophageal mucosal lining
from squamous to specialized intestinal mucosa (12). It is believed that BE is an
intermediate step in the development of cancer and that prevention or intervention targeting
BE might prevent the development of EAC. The ability to reliably screen for and treat BE
would have broad implications in esophageal cancer prevention.

The screening practices for BE largely rely upon identification of patients with GERD
symptoms (13,14). Although the definition of BE has changed over time, the earliest reports
of the condition were in patients with symptoms of GERD (15,16). Perhaps as a result, the
association of BE with GERD symptoms had largely been assumed as axiomatic for
decades. Many of the first studies examining the risk factors for BE only compared cases of
BE with control subjects with symptoms of GERD, rather than sampling groups of cases and
controls without GERD (17-20). As a result, earlier studies were limited to examining the
duration of GERD symptoms or measures of severity of GERD symptoms as risk factors
rather than the mere presence of GERD symptoms. However, a few recent studies have
reported surprisingly high prevalences of BE in patients without GERD symptoms. In 2002,
Gerson et al. (21) reportedfinding BE in 25% of patients without GERD symptoms who
underwent a research upper endoscopy at the time of colon cancer screening. In 2006, Ward
et al. (22) reported a 15% prevalence of BE in asymptomatic patients, in a similarly
designed study. Although a high prevalence of BE in non-GERD patients has not been
consistently reproduced, a number of recent population-based studies have found little, if
any, association between GERD symptoms and the presence of BE (23,24).

There are a number of potential explanations for these recent findings. First, GERD might
truly be a much weaker risk factor for BE than previously appreciated; the higher-quality
design of these recent population-based studies may be better estimates of the strength of the
association, by avoiding selection and ascertainment biases. Second, shorter segments of BE
may be more weakly associated with GERD symptoms than longer segments, and the recent
studies are more likely to include short segments within their definition of BE than older
studies. Finally, geographic differences in the origin of study subjects or changes over time
might explain these recent findings.

We aimed to synthesize the available data across multiple studies to precisely estimate the
association between GERD symptoms and BE. In light of the results of recent population-
based studies, we expected to find substantial heterogeneity between study results. As
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outlined above, we hypothesized that this heterogeneity would be at least partially explained
by the selection of cases and controls, and the length of BE.

METHODS

Study protocol

We performed a systematic literature search in MEDLINE (1950 to August 2008),
EMBASE (1947 to August 2008), Web of Science (1900 to August 2008), Cochrane Central
Register of Controlled Trials (third-quarter of 2008), BIOSIS preview (1926 to August
2008), Data Abstracts of Review of Effect (third-quarter of 2008), and ACP Journal Club
(1991 to August 2008) to identify studies evaluating the prevalence of BE in patients with
and without GERD symptoms, without regard to language of the publication. Medical
subject headings for our literature review included (“gastroesophageal reflux,” or “GERD,”
or “esophageal reflux,” or “esophagitis,” or “heartburn,” or “pyrosis,” or “regurgitation”)
and (“esophageal neoplasm,” or “adeno-carcinoma,” or “carcinoma,” or “Barrett*,” or
“metaplasia,” or “meta-plastic”). British spelling of terms were also searched. This process
included electronic searching of supplemental abstracts published in Gastroenterology and
Gut. Supplemental abstracts from the American Journal of Gastroenterology between the
years 2000 and 2008 were manually searched for relevant studies. Citations from identified
articles were cross-referenced for completeness.

Study selection and data abstraction

The studies met inclusion criteria if the following were satisfied: (i) BE determined by
endoscopic suspicion and confirmed by histological evidence of intestinal metaplasia, (ii)
GERD symptoms ascertained by questionnaire or interview, (ii) the presence of four groups:
both with and without GERD and with and without BE, (iv) data presented as odd ratios
(ORs) or in a format from which the OR could be derived, and (v) study subjects were
unique to that publication. GERD was broadly defined as experiencing heartburn and/or acid
regurgitation for at least 1 day a week.

Study references and citations were collected in Endnote software application version 8.0
(Thomson Reuters, New York, NY). One investigator (J.T.) reviewed all titles, and of those
that appeared eligible, both investigators independently reviewed the abstracts to assess
eligibility. A data collection form was designed in Microsoft Access 2007 (Microsoft,
Redmond, WA). Abstracts, and if deemed appropriate, full articles, were translated into
English as needed. For abstracts that appeared eligible on first review, both investigators
independently abstracted data from the full articles. The database collected information on
study design, summary measures for participants with and without BE, definition of GERD
symptoms, method of GERD symptom ascertainment, histological confirmation, definition
of BE, BE length, and country of origin. Data abstraction was confirmed by consensus.
Studies examined outcomes of short-segment BE (SSBE), long segment BE (LSBE), or
both. One study examined 36 patients of whom 35 were short segment; for the purposes of
this meta-analysis, all 36 patients were classified as short segment (25).

Study quality

Quality of study design was classified by sampling of subjects. Most studies identified both
cases of BE and controls without BE among patients undergoing upper endoscopy for
clinical indication (Table 1). We labeled these studies as “clinical design.” A few recent
studies minimized potential selection bias and ascertainment bias by sampling a general
population, and inviting them to undergo a research upper endoscopy irrespective of any
symptoms, thereby prospectively classifying subjects as cases of BE or control subjects
(Table 1). We labeled these studies as “research design.” Finally, in some other studies, the
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Analysis

RESULTS

cases of BE were obtained from patients undergoing clinically indicated upper endoscopy,
but the control group was obtained from a relevant general population without undergoing
upper endoscopy to exclude BE (Table 1).We labeled this study design as“case-clinical/
control-research.”

Meta-regression of the year of the study for the effect of GERD on the risk of BE was
performed in SAS v.9.2 (SAS Institute, Cary, NC), using mixed linear regression of log-
transformed ORs. Meta-analyses were conducted to evaluate the summary OR of combined
studies using MIX v.1.7 software (Leon Bax, Kanagawa, Japan) (26,27). Using a fixed
effects model, heterogeneity of the pooled estimate was tested with the Cochrane's Q
statistic, and P<0.20 was considered to indicate heterogeneity. The inconsistency index (12)
was used to measure the degree of heterogeneity; the low, moderate, and high degrees of
heterogeneity correlated with 12 values of 25, 50, and 75% , respectively (28). In settings in
which there is evidence of minimal heterogeneity, we report the results of the fixed effects
models. Unless otherwise stated, all other summary ORs are reported from random effects
models. Heterogeneity of results can reflect differences in study design or effect
modification across strata of outcomes. Heterogeneity might be resolved by performing
series of predetermined stratified analyses, thereby identifying strata with homogenous
results with more reliable estimates of the effects of exposure within those strata than the
estimates for effects in all of the studies combined. Evidence of potential dissemination bias
or other small study effects was examined by plotting the log of the OR (effect size) vs. the
standard error of the log OR (inversely proportional to study size); patterns that skew away
from a funnel shape indicate possible dissemination bias.

Study characteristics

Our systematic review identified 13,392 citations; titles and abstracts were manually
evaluated for relevancy (Figure 1). Of these, we reviewed 108 journal articles and abstracts
and found 26 studies eligible for inclusion (Table 1). Of these 26 studies, 14 identified cases
of BE and controls based on upper endoscopies performed for clinical indication (“clinical
design”) (25,29-41) and 6 studies sampled the general population (23,24), colorectal
screening patients (22,42,43), or family members of patients with BE (44) to identify cases
and controls (“research design”). The remaining six studies identified cases of BE among
patients undergoing upper endoscopy for clinical indication, and sampled a population
without known BE as the control group (case-clinical/control-research)(45-50).

Overall results

The summary OR for the association of GERD with BE from all eligible studies was 2.90
(95% confidence interval (Cl), 1.86-4.54), but as expected, these results were very
heterogeneous (P<0.0001; 12 =89%).Overall, there was a nonsignificant secular trend toward
decreasing OR (B-estimate for natural log of OR = —0.019peryear, s.d. = 0.065, P = 0.77).In
12 studies, GERD was defined as present if symptoms occurred at least weekly (22,31-
32,34,36,42-47,49). The summary OR for these studies was 4.45 (95% Cl, 2.13-9.29) and
the results were heterogeneous (P<0.0001; 12 =93%). In 14 studies, the frequency of GERD
symptoms was not reported (23-25,29,30,33,35 37-41,48,50).

Stratifying by continent of origin did not resolve the heterogeneity, but showed weaker
associations in Asia than in Europe. The summary OR for Asian studies was 1.62 (95% ClI,
0.813-3.24; P=0.14; 12=49%)(25,36,41). European-based studies had a summary OR of 3.00
(95% Cl, 0.901-9.99; P<0.0001; 12=93%)(23,24,30,34,37,39,45,49). US-based studies had a
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summary OR of 2.44 (95% ClI, 1.42—4.23; P<0.0001; 12=87%) (22,29,31,33,3°,40 42-44 46—
48).

Length of BE

Six studies did not report the length of BE (Figure 1) (38,40,44,46,48,50). In all, 3 studies
only reported the association with LSBE (29,39,49), 4 only reported the association with
short segment (25,30,35,42), 5 included patients with both long and short segments but only
reported overall results (36-37,41,45,47), and 8 reported the association with short and long
segments separately (22-24,31-34,43). Studies stratified BE in short and long segmentsby
2cm (23,24,31,39,49) or 3cm (22,25,29-30,32-37 41 42 43 45 47). Of the 15 studies that
provided data specified by length of BE, the summary OR was 2.06 (95% CI, 1.46-2.89; P
=0.0092; 12=46%) for any length of BE, still showing heterogeneity (22—-25,29—
35,39,42,43,49).Stratifying results of these 15 studies by the length of BE resulted in a
weaker association between GERD and SSBE (12 studies, OR, 1.59; 95% CI, 1.07-2.38; P
=0.04; 12 =46%)(22-25,30-35,42—-43) than with LSBE(11studies,OR,4.16; 95% ClI, 2.43—
7.12; P=0.19; 12=27%)(22-24,29,31-34,39,43,49). Although the results for LSBE were
fairly homogeneous, the results for SSBE still showed moderate heterogeneity.

Quality of study design

We further analyzed the studies by stratifying by study design. Studies using the clinical
design showed substantial, but heterogeneous, associations with SSBE (OR, 2.38; 95% ClI,
1.21-4.70; P=0.02; 12=62%) (25,30-35), and stronger and homogeneous association with
LSBE (fixed effects OR, 2.96; 95% Cl, 1.69-5.19; P=0.25; 12=25%)(29,31-34,39).There
was only one study of case-clinical/control-research design with outcomes specified by BE
length (49). In that study, there was a strong association between GERD and LSBE (OR,
10.7; 95% Cl, 3.3-33.4). SSBE was not evaluated in that study.

We a priori had defined the “research design” as the highest-quality sampling design
because of minimization of selection and misclassification biases. The five studies that
stratified by BE length and used the “research design” included the ones performed by
Ronkainen et al. (24),Rex et al. (43),Ward et al. (22), Esquivel et al. (42), and Zagari et al.
(23). All of the studies used a cross-sectional study design. Rex et al. (43),Ward et al.
(22),and Esquivel et al. (42) were US studies that invited patients undergoing colonoscopy
for clinical indications (typically colon cancer screening) to undergo a research upper
endoscopy. Ronkainen et al. (24) invited residents of two Swedish municipalities by mail to
undergo a research of upper endoscopy. Zagari et al. (23) used a similar design in two
Italian villages. In total, among these five studies, 3,510 subjects underwent research upper
endoscopies, identifying LSBE in 23 subjects and SSBE in 132 subjects. In three of the five
studies, GERD symptoms were defined as occurring at least one time per week (22,42,43).
In the other two studies, GERD symptoms were defined as occurring with any frequency
(23,24).

The results from these studies stratified by length of BE were homogenous. For SSBE, the
fixed effects summary OR was 1.15 (95%Cl, 0.763-1.73; P=0.84; 12=0%),showing no
association of SSBE with GERD symptoms (Figure 2). For LSBE, the fixed effects
summary OR was 4.92 (95% ClI, 2.01-12.0) and the results were also homogenous (P=0.30;
12=19%; Figure 2).

Funnel plot asymmetry

A funnel plot including studies of all quality for the association of GERD with SSBE
showed a humber of small studies with strong associations that were not balanced by small
studies showing no or inverse associations (Figure 3), suggesting possible bias against
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disseminating or performing small negative studies. A funnel plot for the association with
LSBE did not show such evidence (Figure 4).

DISCUSSION

We performed a systematic review of the literature and a series of meta-analyses to estimate
the relation between GERD symptoms and BE. As we had expected, we found substantial
heterogeneity in the study results overall. We explored multiple sources for this
heterogeneity, and as we had hypothesized, we found that it was because of study sampling
design and the length of BE. In the highest-quality study design, there was no association
between GERD symptoms and SSBE, but an approximately fivefold increased odds of
LSBE in individuals with GERD symptoms.

The studies of poorer-quality sampling design found moderate twofold increased odds of
SSBE with GERD symptoms, but with substantial heterogeneity in the study results. We
believe that the results of the higher-quality “research” sampling design studies are a more
reliable estimate of the relation. The “clinical” sampling design included only cases and
controls undergoing endoscopy for some clinical indication. Most of the BE cases were
undergoing endoscopy for GERD symptoms. Th e controls were undergoing endoscopy for
some other clinical indication (for instance, Helicobacter pylori- associated peptic ulcer
disease), and that indication may actually be associated with a decreased risk of BE, thereby
biasing the study results toward finding that GERD is associated with BE. Furthermore,
endoscopists performing a clinical upper endoscopy for an indication of GERD may be more
likely to notice or biopsy SSBE than when performing the endoscopy for some other
indication.

In the funnel plots, we found potential evidence of bias against dissemination of small
studies showing no association between GERD and SSBE. Multiple reasons could explain
this pattern, including bias among reviewers or editors against publishing such studies, bias
among investigators against submitting such findings for publication, and importantly the
logistical and financial barriers against performing even small studies of the “research”
design.

Why would GERD symptoms be associated with LSBE but not with SSBE?
Pathophysiologically, both LSBE and SSBE might be due to reflux of gastroduodenal
contents. As SSBE is in the distal 2 to 3 cm of the esophagus (typically confined at, or
below, the level of the lower esophageal sphincter, but above the esophagogastric junction),
physiologic amounts of reflux in this region are less likely to be sensed as GERD symptoms
than more proximal reflux. Patients with SSBE may not have an abnormal amount of reflux,
but their distal esophageal epithelium may still pathologically respond to the physiologic
amount of reflux, resulting in metaplasia.

We found evidence to suggest that the relation between GERD and BE may be weaker in
Asian populations than in American or European populations. However, this could merely
reflect a higher proportion of SSBE vs. LSBE in Asia. Other unknown genetic or behavioral
factors might also modify the effect of GERD on the risk of BE. For instance, although
African Americans have a similar prevalence of GERD symptoms as European Americans,
they are less likely to develop complications of GERD (51).

Current screening efforts for EAC are focused on patients with GERD symptoms. However,
our study shows that such efforts largely miss patients with SSBE. A recent meta-analysis
found similar risk of progression to cancer in SSBE and LSBE (52). If SSBE does warrant
diagnosis, then screening programs would need to be altered to reliably identify these
patients.
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The limitations of our analysis extend from the various forms of bias within each individual
study, primarily because of confounders. Although some of the studies adjusted for potential
confounders (such as age, gender, and obesity), most did not. Our summary ORs are
primarily based on crude ORs from the individual studies, and hence do not reflect
adjustment for potential confounders. In addition, given the available data, we were unable
to test for a dose-response relation in terms of frequency, duration, or severity of GERD.
However, we were able to show a dose-response relation in terms of length of BE. Finally,
although there were a large number of eligible studies, there were small numbers of cases of
LSBE from studies of “research” design, resulting in broad confidence intervals for that
stratum.

In summary, our results show that GERD symptoms are significantly associated with LSBE,
but there is no association between GERD symptoms and SSBE. These findings have broad
implications for screening programs for esophageal adenocarcinoma.
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13,392 Citations identified

13,284 Articles excluded
—did not assess GERD
—did not assess BE

108 Studies reviewed
82 Excluded:

—inappropriate control

—BE cases <5

—no requirement of intestinal metaplasia for BE

—review article

—identical subjects used in other studies

—did not evaluate GERD and BE independent of each other

—GERD ascertained only through chart review or endoscopy
26 Eligible studies

BE length not provided

6 studies
SSBE only — 4 studies
LSBE only — 3 studies
LSBE & SSBE — 13 studies (8 studies detailed
LSBE and SSBE separately)
Clinical design Case clinical/control research Research design
e 1 LSBE 1 SSBE
gLk 2 LSBE/SSBE 4 LSBE/SSBE

7 LSBE/SSBE

Figure 1.

Flow chart of study eligibility and classification. BE, Barrett's esophagus; GERD,
gastroesophageal reflux disease; LSBE, long-segment Barrett's esophagus; SSBE, short-
segment Barrett's esophagus.
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Zagari, 2008
Ronkainen, 2005
SSBE
OR 1.15 (0.764-1.72), 7 0 Esquivel, 2008
Rex, 2003
Ward, 2006
0.01 0.1 1 10 100
Odds ratio
LSBE Rex, 2003
OR 4.92 (2.01-12.0), I> 18 1"
Ward, 2006
Zagari, 2008
>
Ronkainen, 2005
0.01 0.1 1 10 100
Odds ratio

Figure 2.

Forest plots of studies with research design. The top panel represents results from studies for
associations of gastroesophageal reflux disease (GERD) symptoms with short-segment
Barrett's esophagus (SSBE), showing no association. The bottom panel represents the
association with long-segment Barrett's esophagus (LSBE), showing a fivefold increased
odds of LSBE with GERD symptoms. Note the scale is logarithmic. 12, inconsistency index;
OR, odds ratio.
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° Summary odds ratio 1.59 (95% CI 1.07, 2.38)
0.2 -
K
0.4 . . A
-
0.6 - Lo .
0.8 -
1 4
1.2 -
1.4 .
.
1.6 , . . , . . '
-3 -2 -1 0 1 2 3 4
Ln odds ratio
Figure 3.

Funnel plot for relation with short-segment Barrett's esophagus (SSBE). Two small, but
strongly positive studies for the relation with SSBE, were identified (bottom right quadrant
of plot), without balancing small studies showing no or inverse associations (none in bottom
left quadrant). This suggests that such small studies may have been completed but were
either never submitted for publication or rejected in the review process. Cl, confidence
interval.
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Summary odds ratio 4.16 (95% Cl 2.43, 7.12)
0.2 -

0.4 -

0.8

Standard error Ln odds ratio
*

Ln odds ratio

Figure 4.

Funnel plot for relation with long-segment Barrett's esophagus (LSBE). Studies were
balanced across the summary odds ratio and size of the studies. Therefore, there was no
evidence for dissemination bias among studies examining the relation with LSBE. ClI,
confidence interval.
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