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Introduction

Abstract

Background and Aim: Gastro-esophageal reflux (GER) is the main predisposing factor
for Barrett’s esophagus (BE). A more precise estimate of the association of GER symptoms
with the risk of BE would be important to prioritize endoscopic screening. We conducted a
systematic review and meta-analysis to examine this issue.

Methods: MEDLINE, EMBASE, and EMBASE Classic were searched to identify
cross-sectional studies that reported the prevalence of BE based on presence of GER symp-
toms. The prevalence of BE was compared according to presence or absence of GER symp-
toms using an odds ratio (OR), with a 95% confidence interval (CI). Specificity and
sensitivity of GER symptoms for predicting BE was calculated.

Results: Of 10,463 citations evaluated, 19 studies reported the prevalence of BE in 43,017
subjects. The pooled OR among individuals with weekly GER symptoms compared with
those without was 1.67 (95% CI 1.30-2.15) for endoscopically suspected BE, and 2.42
(95% CI 1.59-3.68) for histologically confirmed BE. No significant association was found
between weekly GER symptoms and the presence of short segment BE (OR 1.30; 95% CI
0.86—1.97), whereas a strong association was present with long segment BE, with an OR of
6.30 (95% CI 2.26-17.61).

Conclusions: Gastro-esophageal reflux symptoms are associated with an increased odds of
BE, with a further increase when weekly symptoms are present. Overall, GER symptoms
showed low sensitivity and specificity for predicting BE; however, a strong association
was found between weekly GER symptoms and long segment BE, but not short segment
BE, suggesting that it may be worth considering screening individuals with weekly GER
symptoms to rule out long segment BE.

contribute  to its development  and  progression.
Gastro-esophageal reflux (GER) symptoms are common in the

Barrett’s esophagus (BE) represents a metaplastic transformation
of the normal squamous esophageal epithelium into columnar
epithelium.' This condition is asymptomatic but can predispose
to the development of esophageal adenocarcinoma (EAC), which
is often diagnosed at an advanced stage and, therefore, carries a
poor prognosis.” In contrast, early treatment of pre-malignant BE
mucosa leads to favorable outcomes, and its complete eradication
can be achieved in most cases.”

In this regard, identification of patients with BE who are at
high risk of progression to EAC remains paramount. Several risk
factors have been described to be associated with BE and might
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community, and it is widely accepted that chronic exposure to
GER is the main predisposing factor to both BE and EAC.*>
For many other risk factors, including alcohol consumption, to-
bacco smoking, or obesity, the associations with BE are weak
or non-significant among individuals with GER symptoms, sug-
gesting that these might represent confounders associated with
an increased risk of GER, rather than being independently asso-
ciated with the development of BE.

In a previous meta-analysis, we reported that up to 14% of indi-
viduals worldwide reporting gastro-esophageal reflux symptoms
were found to have histologically confirmed Barrett’s esophagus.’
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Reflux symptoms and Risk of Barrett

However, almost 50% of patients with BE do not report GER
symptoms and, in some studies, BE has been reported to occur
in up to 25% of asymptomatic subjects, suggesting that GER
symptoms are a poor predictor of BE.* A prior systematic review
and meta-analysis demonstrated that GER symptoms did not pre-
dict short segment BE but were associated with a five-fold in-
creased risk of long segment BE (LSBE).'” Although subsequent
studies have evaluated the prevalence of BE in patients with and
without GER symptoms, the impact of symptoms and the associa-
tion with the risk of BE remains unclear.

A more precise estimate of the association between symptom-
atic GER and BE would be important to better inform patients dur-
ing consultation and prioritize endoscopic evaluation to confirm or
refute the presence of BE. Therefore, we conducted a systematic
review and meta-analysis of cross-sectional surveys to evaluate
the association of GER symptoms with presence of BE, comparing
the prevalence of BE in patients undergoing upper endoscopic as-
sessment for GER symptoms with those undergoing the same pro-
cedure for other indications.

Methods

Search strategy and study selection. We scarched the
literature using EMBASE CLASSIC and EMBASE (1947 to De-
cember 2021), and MEDLINE (1948 to December 2021) to iden-
tify only cross-sectional surveys published in full that reported the
prevalence of BE in adults (aged > 16 years) referred for upper en-
doscopy. Studies were required to recruit consecutive participants
undergoing upper endoscopy to investigate upper gastrointestinal
symptoms or as a voluntary health check and report the number
of subjects undergoing endoscopy with GER symptoms who had
BE and the number of subjects without GER symptoms who had
BE. Studies that recruited convenience samples, such as em-
ployees at an institution, university students, or veterans were
not eligible for inclusion.

Other eligibility criteria, which we defined prospectively, in-
cluded prospective recruitment of at least 100 participants, a defi-
nition of GER that included one or more of the following:
heartburn and/or regurgitation of any severity, or symptoms felt
to be compatible with GER as diagnosed by a clinician or accord-
ing to a questionnaire, a definition of endoscopic BE compatible
with presence of columnar-lined esophagus (proximal displace-
ment of the squamo-columnar junction above the upper end of
the gastric folds or gastro-esophageal junction), or a definition of
histologically-confirmed BE in the presence of specialized intesti-
nal metaplasia on biopsies obtained from the columnar-lined
esophagus.

We searched the medical literature using the following terms:
esophageal neoplasm, esophageal adenocarcinoma, Barrett
esophagus, dysplasia, intestinal metaplasia, NERD, non-erosive
reflux disease, ERD (both as medical subject heading (MeSH)
and free text terms). We combined these using the set operator
AND with studies identified with the terms: heartburn, GERD,
gastroesophageal reflux disease, gastroesophageal reflux, esopha-
geal reflux (both as MeSH and free text terms), acid regurgitation,
GORD, or upper gastrointestinal symptoms (as free text terms).
We limited the initial search to study title and abstract. The
resulting studies were screened independently by two investigators
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for potential suitability, and we retrieved those that appeared rele-
vant to examine them in more detail. We translated foreign lan-
guage articles, if needed. We conducted a recursive search using
the bibliographies of all included articles. If multiple studies from
the same population where found, we included the most recent
study. Eligibility assessment was performed independently by
two investigators, and we resolved disagreements by consensus.
We assessed the quality of included studies using the JBI Critical
Appraisal Tool for analytical cross sectional studies.'" We con-
ducted the systematic review according to the MOOSE checklist,'
and published the study protocol on the PROSPERO international
prospective register of systematic reviews (registration number
CRD 42020164811).

Data analysis. Two investigators (LHE and GGC) extracted
data independently on to a Microsoft Excel spreadsheet (XP pro-
fessional edition; Microsoft, Redmond, WA, USA). We resolved
any discrepancies by mutual consensus between the reviewers.
We collected the following data for each study: year(s) conducted,
country and geographical region, setting where the study was con-
ducted, method of symptom data collection (interview-adminis-
tered questionnaire, self-completed questionnaire, or face-to-face
interview), symptom frequency and duration used to define pres-
ence of GER symptoms, number of subjects providing complete
data, age range and mean age of subjects, proportion of male sub-
jects, the number of subjects with an endoscopically suspected
and/or histologically confirmed diagnosis of BE, and the length
of BE detected (short-segment BE (SSBE) (< 3 cm of
columnar-lined esophagus) versus LSBE (> 3 cm of
columnar-lined esophagus)). Where studies reported the preva-
lence of GER symptoms according to different symptom fre-
quency thresholds, we extracted the number of subjects with
GER symptoms according to each threshold. Subjects undergoing
upper endoscopy for bothersome GER symptoms that were re-
ported at a frequency of at least weekly were considered to have
gastro-esophageal reflux disease (GERD) in line with the Montreal
definition."?

We combined the proportion of individuals with BE from each
study to give a pooled prevalence for all studies. The prevalence
of BE was pooled separately in all study participants according
to the presence or absence of GER symptoms at the time of the en-
doscopic evaluation. Moreover, the pooled prevalence of BE in
subjects with GER symptoms at the time of the endoscopic evalu-
ation was compared with those without GER symptoms using an
unadjusted odds ratio (OR), with a 95% confidence interval (CI).
We assessed heterogeneity between studies using the /* statistic
with values of 25% to 49%, 50% to 74%, and > 75% typically con-
sidered low, moderate, and high levels of heterogeneity, respec-
tively, and the y* test with a P value < 0.10, as the threshold
used to define statistically significant heterogeneity.'* Data were
pooled using a random effects model, to give a more conservative
estimate of the prevalence of BE and the odds of BE in these var-
ious groups.” StatsDirect version 3.2.10 (StatsDirect Ltd, Sale,
Cheshire, England) was used to generate Forest plots of pooled
ORs with 95% CIs. We planned to assess for evidence of publica-
tion bias by applying Egger’s test to funnel plots of ORs,'® where
a sufficient number of studies (> 10) were available."”
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Studies identified in literature search
n=10 463

Reflux symptoms and Risk of Barrett

Excluded (title and abstract revealed
not appropriate): n = 10 390

v

Articles retrieved for evaluation
n=73

v

- Irrelevant (n = 7967)
- Reviews (n = 2423)

Excluded: n = 54
Incomplete data: 26
o] Database studies: 13

v

Studies reporting
prevalence of Barrett’s esophagus
n=19

Figure 1 Flow diagram of studies identified in the systematic review.

Results

The search strategy identified 10,463 citations. From these, we
identified 73 that appeared relevant (Fig. 1). There were 19 articles
that fulfilled the eligibility criteria,'® ¢ of which two reported the
prevalence of endoscopically suspected BE only,?”* 13 reported
the prevalence of  histologically confirmed BE
only,'#2%2425:297323436 anq four reported the prevalence of BE
according to both definitions.”*2%**% Agreement between inves-
tigators for assessment of study eligibility was excellent (kappa
statistic = 0.92). All articles were published in English. Seven
studies were high quality according to the JBI Critical Appraisal
Tool (Table S1). The 19 included studies recruited 43,017 subjects
and were geographically diverse, with four from Europe, %2322
three from North America,'”?>* three from the Middle
east,”?>** and nine from Asia. 2222427393336 Detailed charac-
teristics of all included studies are provided in Table 1.

Association between gastro-esophageal reflux
symptoms or gastro-esophageal reflux disease
and endoscopically suspected Barrett’'s esopha-
gus. Six studies reported the prevalence of endoscopically
suspected BE in individuals undergoing endoscopy due to GER
symptoms of any frequency and in individuals undergoing endos-
copy for other upper gastrointestinal symptoms, containing a total
of 23,683 subjects (4538 with GER symptoms of any
frequency).>>?¢ 7283335 Three studies were conducted in
Europf:,23’26’28 two in Asia, and one in North America.>’
When data from all six study populations were pooled, the overall
prevalence of endoscopically suspected BE was 6.6% (95% CI
1.7% to 14.4%). Among subjects with GER symptoms the

27,33
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Convenient samples: 10
Not definition of BE of interest: 3
Duplicate studies: 2

prevalence of endoscopically suspected BE was 7.7% (95% CI
1.7% to 17.5%), compared with 5.6% (95% CI 1.5% to 12.2%)
among those without. The pooled OR for the presence of endo-
scopically suspected BE among individuals with GER symptoms
of any frequency compared with those without was 1.48 (95%
CI 1.17 to 1.87), with no heterogeneity between studies
(P = 0%, P=0.77) (Fig. 2).

The same six studies reported data regarding the prevalence of
endoscopically suspected BE among subjects undergoing endos-
copy due to GERD, as per the Montreal definition, as well as
among  subjects  with  other upper  gastrointestinal
symptoms.>*2°~28333% 1y this analysis, the total number of sub-
jects with GERD was 3900. The pooled prevalence of BE among
subjects with GERD was 9.2% (95% CI 1.7% to 21.7%), com-
pared with 5.8% (95% CI 1.6% to 12.6%) among those without.
The pooled OR for the presence of endoscopically suspected BE
among individuals with GERD compared with those without was
1.67 (95% CI 1.30 to 2.15), again with no heterogeneity between
studies (* = 0%, P = 0.93) (Fig. 3).

Association between gastro-esophageal reflux
symptoms or gastro-esophageal reflux disease
and histologically confirmed Barrett’s esopha-
gus. Seventeen studies reported the prevalence of histologically
confirmed BE among subjects undergoing endoscopy due to GER
symptoms of any frequency and in individuals undergoing endos-
copy for other upper gastrointestinal symptoms, containing a total
of 22,176 subjects (5934 with GER symptoms of any
frequency).'® 262873234736 geven studies were conducted in
Asia, 202224303236 four in BEurope,'®*2%?® three in North
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Figure 2  Odds ratio for endoscopically suspected Barrett's esophagus in individuals with gastro-esophageal reflux symptoms of any frequency com-
pared with those without.

0Odds ratio meta-analysis plot [random effects]
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Figure 3 Odds ratio for endoscopically suspected Barrett's esophagus in individuals with gastro-esophageal reflux disease compared with those
without.
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Figure 4 Odds ratio for histologically confirmed Barrett's esophagus in individuals with gastro-esophageal reflux symptoms of any frequency com-

pared with those without.

America,'>*>* and three from the Middle East.>'?>*** When data
from all 17 studies were pooled, the prevalence of histologically
confirmed BE in all individuals was 3.2% (95% CI 1.9% to
4.6%). Among subjects with GER symptoms the prevalence of
histologically confirmed BE was 4.3% (95% CI 2.4% to 6.7%),
compared with 2.4% (95% CI 1.4% to 3.7%) among those with-
out. The pooled OR for the presence of histologically confirmed
BE among individuals with GER symptoms of any frequency
compared with those without was 1.88 (95% CI 1.27 to 2.79), with
high heterogeneity between studies (I = 72%, P < 0.001) (Fig. 4).
Stratifying by geographical region demonstrated a stronger associ-
ation in Asia than in Europe, but significant heterogeneity between
studies remained. When studies from Asia were pooled the OR
was 2.47 (95% CI 1.06 to 5.76; P=86.7%,P < 0.001), compared
with 2.07 (95% CI 1.30 to 3.29; P=0%, P= 0.74) in European
studies, 1.40 (95% CI 0.97 to 2.04; P=0%,P= 0.57) in North
American studies, and 1.03 (95% CI 0.48 to 2.24; P = 0%,
P =0.38) in Middle Eastern studies.

Eight studies reported data regarding the prevalence of histolog-
ically confirmed BE among subjects undergoing endoscopy due to
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GERD, as per the Montreal definition, as well as for other upper
gastrointestinal ~ symptoms.'*20-232326.2831.35 - Thege  studies
contained a total of 6824 subjects, 1942 of whom had GERD.
Three studies were conducted in North America,'>*>** three in
Europe,”***® and two in Asia.”**' The pooled prevalence of his-
tologically confirmed BE among all subjects was 4.8% (95% CI
2.6% to 7.7%), with a higher pooled prevalence in subjects with
GERD compared with those without ((7.9% (95% CI 4.4% to
12.2%) versus 3.4% (95% CI 1.5% to 6.0%)). The pooled OR
for the presence of histologically confirmed BE among individuals
with GERD compared with those without was 2.42 (95% CI 1.59
to 3.68), with moderate heterogeneity between studies
(P =52.1%, P = 0.041) (Fig. 5).

Association between gastro-esophageal reflux
symptoms or gastro-esophageal reflux disease
and length of Barrett’s esophagus. Five studies re-
ported the prevalence of histologically confirmed BE according
to the length of the segment of BE in individuals with GER
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Odds ratio meta-analysis plot [random effects]
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Figure 5 Odds ratio for histologically confirmed Barrett's esophagus in individuals with gastro-esophageal reflux disease compared with those

without.

symptoms of any frequency and in individuals undergoing endos-
copy for other upper gastrointestinal symptoms.'®>*2%262% The
OR for SSBE in subjects with GER symptoms of any frequency
compared with those without was not significant in these five stud-
ies (1.12; 95% CI 0.78 to 1.59), with no heterogeneity between
studies (I = 0%, P = 0.84) (Fig. S1). In contrast, the OR for LSBE
in subjects with GER symptoms of any frequency was 5.27 (95%
CI 1.97 to 14.11), with no heterogeneity between studies (I = 0%,
P =0.62) (Fig. S2).

Four studies reported the prevalence of histologically confirmed
BE according to segment length in individuals with and without
GERD.'"*2%2% There was no significant association between
presence of SSBE and GERD (OR 1.30; 95% CI 0.86 to 1.97,
P = 0%, P = 0.42), whereas for LSBE the summary OR was
6.30 (95% CI 2.26 to 17.61) with low heterogeneity between stud-
ies (> = 7.3%, P = 0.36).

Discussion

We conducted a systematic review and meta-analysis to estimate
the association between GER symptoms and BE, including data
from 19 cross-sectional surveys that reported the prevalence of en-
doscopically suspected and/or histologically confirmed BE at up-
per gastrointestinal endoscopy, according to the presence or
absence of GER symptoms. The odds of histologically confirmed
BE were almost twice as high in subjects with GER symptoms,
compared with those without, and more than twice as high in those
with GERD, as per the Montreal definition. As expected, a smaller,
but still statistically significant, association was found between en-
doscopically suspected BE and both GER symptoms and GERD.

Journal of Gastroenterology and Hepatology 37 (2022) 1507-1516

The degree of association varied according to geographical loca-
tion, and was stronger in studies conducted in Asia and in
Europe. There was no significant association between GER symp-
toms or GERD and histologically confirmed SSBE, whereas the
association between both GER symptoms and GERD and histo-
logically confirmed LSBE was strong, with ORs of > 5 and
> 6, respectively.

Although both LSBE and SSBE seem to be a consequence of re-
flux of gastric contents, only LSBE seemed to be associated with
GER. Reasons for this are speculative. Given that SSBE is located
in the distal 3 cm of the esophagus, small amounts of acid reflux in
this region may be less likely to be sensed as GER symptoms by
patients, compared with more proximal reflux. Moreover, the diag-
nosis of SSBE is often more challenging, compared with LSBE,
mainly due to the use of incorrect landmarks to define the presence
and extent of the intestinal metaplasia, which has been observed in
one-in-three endoscopists in observational studies.>’ This rein-
forces the need for standardized endoscopic classifications and
validated biopsy protocols for BE to be implemented, such as
the Prague classification®® and the Seattle protocol,®® in associa-
tion with use of advanced endoscopic imaging techniques to in-
crease accuracy of BE diagnosis.

This study has several strengths. In order to maximize the like-
lihood of identifying all relevant studies, an exhaustive and con-
temporaneous literature search strategy was used. The eligibility
of all the studies was performed by two investigators indepen-
dently who also carried out the data extraction. Any discrepancies
were resolved by consensus. Where necessary, we contacted the
corresponding authors of studies to minimize the probability of in-
cluding duplicate publications from the same cohort of patients,
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and to obtain additional data. A random effects model was used to
pool data, to provide a more conservative estimate of the odds of
BE according to presence of GER symptoms or GERD. Finally,
we excluded studies conducted among convenience samples, to
minimize the likelihood of overestimating the association between
BE and GER symptoms or GERD.

Limitations of our analyses arise from the reporting of data
within the available studies, specifically the variability in the
criteria used to define the presence of GER symptoms, as well as
the frequency and duration of symptoms. Therefore, we reported
the results of studies pooled separately based on symptom fre-
quency, estimating the association of BE only in studies that re-
ported at least weekly symptoms, in line with the Montreal
definition of GERD. However, none of the studies provided ex-
tractable data for a symptom frequency above this, meaning that
we were unable to assess if daily symptoms of GER, for example,
were more strongly associated with presence of BE. Moreover, no
data were available regarding duration of GER symptoms, consid-
ered an important factor for the development of BE. Earlier age at
onset of GER symptoms has been associated with increased risk of
BE, suggesting that age at symptom onset could help practitioners
decide which patients with GER symptoms to refer for endoscopic
screening for BE.*’ In contrast, the use of standard landmarks,
such as the displacement of the squamo-columnar junction above
the proximal end of the gastric folds to define endoscopically
suspected BE, was homogeneous across the studies. However,
the sampling of endoscopically suspected BE mucosa across the
studies was not standardized, and was conducted according to lo-
cal experience, which may have led to an underestimation of the
true prevalence of BE. In order to reduce variability in the diagno-
ses across studies, and since it is not clear whether cardia-type mu-
cosa in the esophagus has the same malignant predisposition,*' we
only included studies that considered intestinal metaplasia with
goblet cells (specialized intestinal metaplasia) as histologically
confirmed BE in our analyses. Finally, there was moderate to high
heterogeneity between studies in a few of our analyses, the reasons
for which are unclear, but may relate to geographical region or
other demographic differences between study populations, includ-
ing ethnicity, which it was not possible to examine using the avail-
able data. Similarly, this could explain the discrepancies we found
in the degree of association of GER symptoms with BE according
to geographical location.

There have been previous systematic reviews examining the as-
sociation of GER symptoms with BE. The most recent of these
was published in 2010 by Taylor and Rubenstein.'® The authors
included cross-sectional and case—control studies and reported a
summary OR for the association between GER symptoms and
BE of almost three, but with significant heterogeneity between
studies. Among studies that conducted upper endoscopies irre-
spective of any symptoms, they also found a strong association be-
tween GERD and LSBE, with an OR of almost five, but no
association with SSBE.'® However, the different study designs
they considered, as well as the fact that a considerable amount of
data has been published since this meta-analysis was conducted,
reinforces the need for a more contemporaneous systematic assess-
ment of the relationship between BE and GER symptoms. More-
over, in order to obtain a homogeneous study population, we
included only cross-sectional studies recruiting consecutive partic-
ipants undergoing endoscopy comparing those with and without
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GER symptoms and excluding studies that recruited convenience
samples.

The findings of this meta-analysis have implications for both re-
search and clinical practice. GER symptoms are recognized as a
major risk factor for the development of BE, and our
meta-analysis supports this association and also demonstrates a
stronger association in subjects meeting the Montreal definition
of GERD. Moreover, the odds of LSBE were also higher when
GERD was present. This reinforces the utility of assigning a diag-
nosis of GERD based on a minimum symptom severity and fre-
quency, and consisting of moderate or severe symptoms
occurring > 1 day/week or mild symptoms occurring
> 2 days/week.'? However, studies that have used such criteria re-
main scarce.

Population level screening to detect cases of BE is difficult to
endorse, because overall progression rates to EAC are extremely
low, ranging from between 0.1% to 0.5% per year.*** In particu-
lar, the absolute risk of progression is substantially lower in pa-
tients with SSBE compared with LSBE, suggesting that the
extent of intestinal metaplasia is an independent predictor for the
risk of progression to EAC.** Therefore, given subjects with
LSBE have a higher risk of progression to EAC, estimated at al-
most 1% per year,*> and the results of this meta-analysis suggest
that those with GERD have a six times higher odds of LSBE, it
may be worth considering screening individuals with GERD to
rule out LSBE.

In conclusion, this systematic review and meta-analysis has con-
firmed that GER symptoms are associated with an increased odds
of both endoscopically suspected and histologically confirmed BE,
with a further increase when weekly symptoms are present, in line
with the minimum symptom frequency and severity recommended
to make a diagnosis of GERD. A strong association was found be-
tween weekly GER symptoms and LSBE, whereas no association
was found between weekly GER symptoms and SSBE. This sug-
gests that screening individuals with weekly GER symptoms,
which are likely to represent GERD, to exclude LSBE is a worth-
while strategy.

Data availability statement. The data supporting the find-
ings of this study are available within the article and its supporting
information.
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Figure S1: Odds ratio for short segment Barrett’s esophagus in
subjects with gastro-esophageal reflux symptoms of any frequency
compared with those without.

Figure S2: Odds ratio for long segment Barrett’s esophagus in
subjects with gastro-esophageal reflux symptoms of any frequency

compared with those without.

Table S1. Quality assessment of included studies using the JBI
Critical Appraisal Tool.""
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