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ABSTRACT

Background: Barrett's esophagus (BE) is the most widely established precursor to esophageal adenocarcinoma (EAC). Despite
current screening guidelines, more than 90% of EAC patients lack a previous diagnosis of BE. We performed a systematic review
and meta-analysis to identify the most important risk factors for the development of BE or EAC.

Recent Findings: PubMed.gov, Ovid Medline, Embase, and Cochrane Library were searched through March 15, 2024. Studies
comparing characteristics of patients with endoscopically diagnosed BE or EAC to control groups satisfied our inclusion crite-
ria. Dual extraction provided data for random-effects meta-analyses. Sufficient data were extracted from 54 included studies to
perform our meta-analyses. There were five risk factors with significant associations for the development of BE: symptoms of
gastroesophageal reflux at least once weekly (OR, 3.56; 95% confidence interval [CI], 2.03-6.25; p=0.004) tobacco smoking (OR,
1.41; 95% CI, 1.30-1.51; p <0.001); alcohol use (OR, 1.37; 95% CI, 1.10-1.71; p =0.008); male gender (OR, 1.36; 95% CI, 1.19-1.57;
p<0.001); and obesity (BMI> 30 kg/m?) (OR, 1.23; 95% CI, 1.09-1.39; p=0.003). Tobacco smoking was significantly associated
with the diagnosis of EAC (OR, 2.15; 95% CI, 1.85-2.43; p <0.001).

Conclusion: Five risk factors showed significant associations with the development of BE and one with the development of EAC,
with over a three-fold increase in BE for patients with gastroesophageal reflux more than once weekly. These data could prove
useful in developing diagnostic paradigms with higher emphasis on patients experiencing more frequent acid reflux.

1 | Introduction Barrett's esophagus is well recognized as the most prevalent

precursor to the development of EAC. Despite surveillance

Esophageal adenocarcinoma (EAC) has a rising incidence rate
and mortality rate in North America, much of Western and
Northern Europe, and Oceania over the past three decades,
and has become the most prevalent form of esophageal cancer
in the developed world [1, 2]. In the United States, the inci-
dence rate of EAC has risen seven-fold from 1975 to 2017 [3, 4].

programs for patients with a diagnosis of Barrett's esophagus
(BE) and advances in cancer treatment, improvements in the
prognosis of EAC have not been demonstrated worldwide,
with a five-year survival of only 25% [5]. Since the presence of
clinical signs of EAC usually becomes apparent in late-stage
disease, the opportunity of identifying early-stage disease
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relies on identifying individual patients who are at higher risk
for the development of this cancer [6]. Although screening
guidelines for the detection of BE exist in the United States
and Europe, they have not been consistently implemented to
improve early detection of EAC [7]. In fact, in a US cohort of
8564 EAC patients from the Veterans Affairs Central Cancer
registry diagnosed between 2002 and 2017, only 4.9% had a
prior diagnosis of BE [8].

Established guidelines for BE diagnosis and screening include
three in the United States [9-11], one in the United Kingdom
[12], and one in Europe [13]. Each of these guidelines gives
recommendations on endoscopic evaluation for BE in at-risk
patients based on limited or low-quality evidence. All five of
the guidelines use gastroesophageal reflux disease (GERD),
age>50years, male gender, and obesity as risk factors for
the development of BE, and a diagnostic evaluation is recom-
mended only in patients with multiple risk factors. Since BE
is typically diagnosed in symptomatic patients who receive an
upper endoscopy and biopsy, it is difficult to define the preva-
lence of this condition in the general population, which makes
it difficult to establish widespread screening practices. From
a large systematic review and meta-analysis, the global preva-
lence of BE is less than 1%; however, patients with GERD have
been shown to have a prevalence of BE as high as 7.8% [14]. The
dilemma is that 40% of EAC patients in the United States do not
have a history of reflux, whereas 52% have a history of GERD
but did not undergo an endoscopic evaluation [15]. In fact, only
7% of EAC patients in the United States have a prior diagno-
sis or are part of a surveillance program for BE [15]. Based on
these data, it is apparent that an evidence-based strategy based
on risk stratification could be useful for enhancing the diag-
nosis of BE.

The purpose of our systematic review and meta-analysis was to
strengthen the existing database pertaining to risk factors and
clinical predictors for the development of BE and EAC. Most
importantly, these risk factor data may become an addition to
current clinical practice guidelines and assist in maximizing the
diagnosis of patients with BE. The aim of our study is to present
a new database that could improve the selection of patients who
should have diagnostic endoscopies due to their high risk for the
development of BE.

2 | Methods

The following methodology has been followed with strict
adherence to ensure the accuracy of our study and is re-
ported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) Guidelines
[16]. Our study protocol is registered with PROSPERO (ID:
CRD42023428440) (Supporting Information S1).

2.1 | Data Sources and Searches

Our database was populated through common indexing prac-
tices to capture potentially relevant publications. PubMed.gov,
Ovid Medline, Embase, and Cochrane Library were searched
from their inception dates until March 15, 2024, without

language restrictions. The keywords, medical subject heading
terms, and search strategies we employed are available else-
where (Supporting Information S1). Appropriate studies were
added through reference review from selected articles.

2.2 | Study Selection

Two independent investigators (K.A. and R.A.S.) compiled a
reference list that was uploaded into file management software.
Duplicates were removed, and titles and abstracts were screened
for eligibility criteria. Studies potentially meeting inclusion cri-
teria were saved for full-text review after a consensus agreement
by both investigators.

Randomized-control trials, prospective cohort observational
studies, and case-control observational studies were preferred
due to a lower risk of bias. To maximize the identification of
risk factors, we included studies that described any patient
characteristics identified in study subjects with either BE or
EAC and compared them with either healthy or endoscopic
control patients. We excluded studies without control group
comparisons to mitigate the risk of bias. Patient characteris-
tics were those widely identifiable in standard primary care
practices across a global spectrum of health care systems, as
we excluded any studies that examined the relationship of BE
or EAC with genetic testing or laboratory testing not routinely
available. Abstract-only papers or posters were excluded due to
the lack of a thorough description of study design and methods
of data acquisition.

2.3 | Data Extraction and Quality Assessment

All included studies had data extracted through consensus
agreement by two investigators (R.A.S. and D.A.). The same two
investigators independently assessed the quality and risk of bias
of all included studies using six domains from the Newcastle-
Ottawa Quality Assessment Tool for Observational, Cohort, and
Cross-Sectional Studies available from the National Institute of
Health [17]. The certainty of evidence was evaluated for each
study by using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) Working Group frame-
work assessment [18].

2.4 | Data Synthesis

Whenever data from studies were sufficient and of similar design,
participants, and outcomes, we performed meta-analyses to yield
quantitative estimates that required pooling to increase preci-
sion. We anticipated our data from case-control and cohort stud-
ies would have a high degree of variability in patient populations
and demographics and planned to employ a random effects model
for all meta-analyses. Odds ratios (OR) were calculated with the
Hartung-Knapp adjustment and inverse variance weighting in
an attempt to determine a single effect size for each variable that
had a sufficient number of studies [19]. Heterogeneity was statis-
tically evaluated by the Paule-Mandel estimate for tau squared
with the Q-Profile method for confidence intervals (CI). The con-
tinuity correction of 0.5 was employed in studies with zero cell
frequencies. Publication bias was assessed for each risk factor in
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our meta-analysis, with sensitivity analysis performed using the
leave-one-out method when outliers were identified on funnel
plots (Figure S1). Outliers were identified when the CI failed to
overlap with the CI of the pooled effect. All statistical analysis was
carried out using the meta package (version 6.5-0) in R Statistical
Software (version 4.3) [20].

2.5 | Ethics Statement

The institutional review board at Trinity Health Ann Arbor
Hospital, Ann Arbor, MI, deemed our study to be exempt from
their ethical review process.

3 | Results

The literature search identified 9768 articles. After deleting du-
plicates, we compiled 6404 studies for title and abstract screen-
ing for eligibility in our systematic review (Figure 1). Following
PRISMA guidelines for dual extraction, two investigators (K.A.
and R.A.S.) identified 337 studies for full-text review, with 56 of
them meeting our inclusion criteria to have data extracted for
statistical analysis. Data was sufficient to perform meta-analyses
on 54 of these studies whose characteristics included: first author
and date of study; study setting and location; study design; risk

factors assessed for the development of BE or EAC; number of
case and control patients; mean age of the case patients; and the
type of control group (Table 1). We had sufficient data to perform
a meta-analysis on five risk factors for BE or EAC which will be
outlined below.

3.1 | Gender

Forty-six studies meeting our inclusion criteria, with 32,242
men and 15,131 women, reported data on gender for BE pa-
tients [21-66]. Upon examination of the funnel plots, we iden-
tified 17 studeis as outliers [26, 28, 29, 31-34, 38, 39, 46, 48,
51, 53, 56, 59, 60, 66] which were removed using leave-one-
out sensitivity analysis (Figure S1A,B). Meta-analysis of the
remaining studies showed a significant pooled OR favoring
male gender in BE patients (1.36; 95% CI, 1.19-1.57; p <0.001)
(Figure 2A).

Nine included studies, including 8278 men and 1218 women, as-
sessed gender in EAC patients [21, 32, 34, 50, 55, 59, 66—68]. Two
studies [59, 67] were identified as outliers on the funnel plots
and removed by employing leave-one-out sensitivity analysis
(Figure S1C,D). This meta-analysis resulted in a nonsignificant
pooled OR favoring male gender in EAC patients (1.46; 95% CI,
0.91-2.34; p=0.096) (Figure 2B).
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FIGURE1 | PRISMA flow diagram.
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FIGURE2 |

Author(s) and Year Events
Johansson(2007) 6
Anderson(2009) 185
Ladanchuk(2010) 185
Mulholland(2011) 175
Edelstein(2007) 118
Chen(2016) 122
Leggett(2013) 70
Kendall(2014) 163
Thrift(2012) 218
Kendall(2013) 165
Lindam(2015) 165
Chacaltana(2009) 9
Kendall(2020) 159
Smith(2005) 117
Bakr(2018) 234
Corley(2007) 234
Kubo(2009) 234
Veugelers(2006) 94
Schneider(2015) 243
Kendall(2016) 1253
Park(2009) 147
Wang(2022) 90
Asreah(2021) 9
Peters(2021) 339
Bu(2006) 123
El-Serag(2005) 36
Jiao(2013) 147
Kramer(2013) 232
El-Serag(2014) 170
Random effects model

Prediction interval

Male
Total

60
405
405
388
251
610
210
326
478
329
329
729
318
289
448
448

1607
330

27841

Heterogeneity: 1> = 58.5%, p <.001
Test for overall effect: t,3 = 4.55 (p <.001)

Author(s) and Year Events
Mulholland(2011) 183
Anderson(2009) 192
Ladanchuk(2010) 192
Drahos(2016) 474
Dong(2018) 2193
Xie(2019) 2173
Vaughan(1995) 267

Random effects model
Prediction interval

Male
Total

396
412
412
2793
3903
3843
773

12532

Heterogeneity: 1% = 88.6%, p <.001

Test for overall effect: tg = 1.97 (p = .096)

Female
Events Total Odds Ratio OR [95% CI]
15 121 0.79[0.29; 2.14]
39 79 0.86 [0.53; 1.40]
39 79 0.86 [0.53; 1.40]
37 76 0.87[0.53; 1.42]
75 153 0.92[0.62; 1.38]
39 195 1.00 [0.67; 1.50]
33 99 1.00 [0.60; 1.66]
72 153 1.12[0.77; 1.65]
94 222 1.14[0.83; 1.57]
72 155 1.16 [0.79; 1.70]
72 155 1.16 [0.79; 1.70]
2 193 1.19[0.26; 5.57]
68 150 1.21[0.82; 1.78]
50 139 1.21[0.80; 1.84]
86 189 1.31[0.93; 1.84]
86 189 1.31[0.93; 1.84]
86 189 : 1.31[0.93; 1.84]
36 73 il 1.49[0.85; 2.59]
77 180 L3 1.52[1.07; 2.15]
306 1024 1.60 [1.37; 1.86]
68 10043 B 1.61[1.21; 2.15]
79 529 g 2.18 [1.55; 3.07]
4 67 - 2.25[0.66; 7.69]
141 346 . 2.27 [1.73; 2.99]
51 184 £ 3 2.27 [1.52; 3.41]
0 3 : 2.82[0.14; 56.03]
4 68 —a— 3.30[1.18; 9.20]
5 130 — 4.22[1.71;10.42]
3 15 — 4.25[1.18; 15.34]
15198 o 1.36 [1.19; 1.57]
p— [0.77; 2.41]
T 1 1
01 051 2 10
OR >1 favors Male gender
Female

Events Total Odds Ratio OR [95% CI]

35 74 0.96 [0.58; 1.57]

35 75 1.00 [0.61; 1.63]

35 75 1.00 [0.61; 1.63]

118 700 1.01[0.81; 1.26]

318 785 1.88[1.61; 2.20]

315 772 1.89[1.61; 2.21]

31 249 3.71 [2.48; 5.56]

2730 _ 1.46 [0.91; 2.34]

| | | [0.42; 5.13]

0.2 05 1 2 5

OR >1 favors Male gender

Forest plots for outcomes data. (A) Forest plot of pooled OR for male gender as a risk factor for being diagnosed with BE. (B) Forest

plot of the pooled OR for male sex as a risk factor for being diagnosed with EAC. (C) Forest plot of the pooled OR for obesity as a risk factor with being
diagnosed BE. (D) Forest plot of pooled OR for tobacco smoking as a risk factor for being diagnosed with BE. (E) Forest plot of pooled OR for tobacco
smoking as a risk factor for being diagnosed with EAC. (F) Forest plot of pooled OR for reflux more than once weekly as a risk factor for being diag-
nosed with BE. (G) Forest plot of pooled OR for alcohol use as a risk factor for being diagnosed with BE. (H) Forest plot of pooled OR for alcohol use

as a risk factor for being diagnosed with EAC.

3.2 | Obesity

Data regarding body mass index (BMI) in kg/m? was found in
18 of our included studies [29, 30, 35-37, 39, 42, 43, 46, 47, 51,
52, 54,56, 63, 64, 69, 70]. There was a total of 12,496 BE patients

with a BMI less than 30kg/m? and 4537 with a BMI greater
than 30kg/m2. No outliers were detected, and the meta-analysis
showed a significant pooled OR discriminating for BMI greater
than 30kg/m? in BE patients (1.23; 95% CI, 1.09-1.39; p=0.003)
(Figures 2C and S1E,F).
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FIGURE 2

BMI>30

C  Author(s) and Year Events Total
El-Serag(2005) 11 48
Veugelers(2006) 46 88
Lam(2018) 31 3704
Corley(2007) 129 256
El-Serag(2014) 86 170
Thrift(2015) 114 490
Edelstein(2007) 79 136
Corley(2006) 55 113
lyer(2013) 3000 15801
Khalaf(2014) 155 986
Kramer(2013) 113 776
Omer(2012) 162 295
Smith(2009) 101 229
Thrift(2012) 89 171
Kendal(2013) 82 139
Lindam(2015) 82 139
Kendall(2014) 81 136
Leggett(2013) 44 116
Random effects model 23793

Prediction interval

Heterogeneity: 1% = 46.3%, p =.017

BMI<30
Events Total

25 81
84 144
172 20406
191 381
87 175
130 578
192 339
160 346
9733 56278
168 1186
124 961
272 573
269 748
217 530
156 345
155 345
154 340
58 250
84006

Test for overall effect: 17 = 3.54 (p = .003)

Smoker
D  Author(s) and Year

Chen(2016) 46 238
Mulholland(2011) 126 271
Anderson(2009) 135 287
Ladanchuk(2010) 135 287
Leggett(2013) 56 108
Wang(2022) 78 367
Stevens(2011) 583 3019
Veugelers(2006) 82 142
Thrift(2015) 186 777
Khalaf(2014) 228 1429
Lin(2013) 204 948
Xie(2020A) 1964 3213
Asreah(2021) 5 43
Peters(2021) 319 572
Petrick(2019) 1147 2847
Kubota(2022) 1101 4188
Kendall(2016) 1030 2090
Drahos(2015) 252 766
Corley(2007) 212 388
Schneider(2015) 212 388
Kubo(2009) 263 478
Baik(2017) 23 39
Chen(2019) 23 599
Jiao(2013) 110 535
Lam(2018) 135 12901
El-Sarag(2014) 125 232
Filberti(2021) 193 477
Park(2009) 71 5607
Johansson(2007) 11 67
Chak(2002) 41 94
Chacaltana(2009) 4 89
Random effects model 43486

Prediction interval

Heterogeneity: /? = 40.8%, p = .010

non-Smoker

Events Total Events Total

115 567
85 185
87 189
87 189
43 86
91 487

287 1717
48 90
58 289
82 625
61 345

1065 1931
9 97
161 330
547 1650
1178 5934
489 1249
1946 8026

108 249
108 249
108 248

8 17
66 2749
32 233
66 11004
35 92

127 485
144 23075
10 114
17 70

7 833

63404

Test for overall effect: t30 = 8.95 (p <.001)

(Continued)

Odds Ratio

<
T 1
0.5 1 2

OR>1 favors BMI>30

Odds Ratio

+\-+¢++i#++«===*["

0

[
0.1

051 2 10
OR>1 favors smokers

OR [95% Cl]

0.67 [0.29; 1.51]
0.78 [0.46; 1.33)
0.99 [0.68; 1.46]
1.01[0.74; 1.39]
1.04 [0.68; 1.58]
1.04 [0.78; 1.39]
1.06 [0.71; 1.59]
1.10 [0.72; 1.69]
1.12[1.07; 1.17]
1.13[0.89; 1.43]
1.15[0.87; 1.51]
1.35[1.02; 1.79]
1.41[1.04; 1.90]
1.57 [1.11; 2.21]
1.76 [1.18; 2.63]
1.76 [1.18; 2.63]
1.78 [1.19; 2.66]
2.02 [1.26; 3.26]

1.23 [1.09; 1.39]
[0.84; 1.80]

OR [95% CI]

0.94 [0.64;
1.02 [0.70;
1.04[0.72;
1.04[0.72;
1.08 [0.61;
1.17 [0.84;
1.19[1.02;
1.20 [0.70;
1.25 [0.90;
1.26 [0.96;
1.28 [0.93;
1.28 [1.14;
1.29 [0.40;
1.32[1.01;
1.36 [1.20;
1.44[1.31;
1.51 [1.31;
1.53[1.31;
1.57 [1.14;
1.57 [1.14;
1.59 [1.16;
1.62 [0.51;
1.62[1.00;
1.63 [1.06;
1.75 [1.30;
1.90 [1.16;
1.92 [1.46;
2.04 [1.53;
2.04[0.82; 5.11]
2.41[1.22; 4.77]

5.55 [1.59; 19.35]

1.38]
1.49]
1.50]
1.50]
1.90]
1.65]
1.39]
2.03]
1.75]
1.65]
1.75]
1.43]
4.09]
1.74]
1.54]
1.58]
1.74]
1.80]
2.17]
2.17]
2.16]
5.09]
2.63]
2.49]
2.36]
3.12]
2.52]
2.72]

1.41 [1.30; 1.52]
[1.06; 1.87]
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FIGURE 2

E  Author(s) and Year

Drahos(2016)
Vaughan(1995)
Xie(2020A)
Petrick(2019)
Xie(2020B)
Vogtman(2015)
Anderson(2009)
Ladanchuk(2010)
Mulholland(2011)

Random effects model

Prediction interval

Heterogeneity: /? = 64.1%, p

Smoker non-Smoker
Events Total Events Total

340 1717 252 1776
219 696 56 296
1664 2913 563 1429
1792 9116 471 4658
184 332 39 114
385 19990 241 30521
176 328 45 147
176 328 45 147
169 314 44 144

35734 39232

=.004

Test for overall effect: tg = 12.01 (p <.001)

F Author(s) and Year

Kendall(2020)
Khalaf(2014)
Jiao(2013)
Smith(2009)
Peters(2021)
Corley(2007)
Kendall(2016)
Lindam(2015)
Thrift(2012)

Random effects model

Prediction interval

Heterogeneity: 12 = 95.8%, p < .001

reflux>1/week refluxs1/week
Events Total Events Total

174 337 51 124
179 998 118 1045
104 520 47 408
165 339 160 504
320 393 86 152
256 407 64 230
1009 1408 453 1808
199 292 36 188
139 172 167 527

4866 4986

Odds Ratio OR [95% CI]
- 1.49 [1.25; 1.79]
—.— 1.97 [1.41; 2.74]

» 2.05 [1.80; 2.33]

= 2.18 [1.95; 2.42]

—m— 2.39[1.53;3.72]

n 2.47[2.10; 2.90]
——&— 2.62[1.74; 3.96]
—8— 2.62[1.74; 3.96]
——8— 2.65[1.74; 4.02]

< 2.15 [1.85; 2.49]
[1.51; 3.04]

T 1

0.5
OR>1 fa

Odds Ratio

1 2
vors Smokers

OR [95% CI]

HEl- 1.53[1.01; 2.32]
»n 1.72[1.34; 2.21]
‘| 1.92[1.32; 2.79]
3 2.04 [1.54; 2.71]

- 3.36 [2.23; 5.07]
4.40 [3.09; 6.25]
7.56 [6.46; 8.85]
9.03 [5.83; 14.01]
9.08 [5.96; 13.84]

{ pyn®

3.56 [2.03; 6.25]

[0.63; 20.07]

[
0.1

Test for overall effect: tg = 5.21 (p <.001)

G Author(s) and Year

Kendall(2013)
Avidan(2002)
El-Serag(2014)
Kubota(2022)
Chen(2016)
Jiao(2013)
Kubo(2009)
Chak(2002)
Leggett(2013)
Smith(2009)
Lin(2013)
Chen(2019)
Ladanchuk(2010)
Chacaltana(2009)

Random effects model

Prediction interval

Heterogeneity: 12=72.7%, p <.001

ever-Drinkersnon-Drinkers

T
0.5

T 1
1 2 10

OR>1 favors reflux>1/week

Events Total Events Total Odds Ratio OR [95% CI]
204 423 33 61 0.79[0.46; 1.35]
440 1308 749 2051 0.88[0.76; 1.02]
153 305 12 24 1.01[0.44; 2.31]
1650 7159 625 2959 1.12[1.01; 1.24]

61 274 100 531 1.23[0.86; 1.77]
133 796 11 80 —i— 1.26 [0.65; 2.44]
221 423 99 213 L 1.26 [0.91; 1.75]
30 73 28 91 -+ 1.57 [0.82; 2.99]
9 14 88 172 — 1.72[0.55; 5.34]
327 665 60 169 -l 1.76 [1.24; 2.49]
148 1084 9 113 T— 1.83[0.90; 3.69]
43 1123 46 2262 - 1.92[1.26; 2.93]
185 405 39 153 —- 2.46 [1.63; 3.71]
6 203 5 719 —a— 4.35[1.31; 14.40]
14255 9598 < 1.37 [1.10; 1.71]
| : | | [0.72; 2.64]

0.1 05 1 2 10

Test for overall effect: t13 = 3.13 (p = .008)

H Author(s) and Year

Avidan(2002)
Vogtman(2015)
Ladanchuk(2010)

Random effects model

Prediction interval

Heterogeneity: /2 = 83.4%, p = .002

ever-Drinkers non-Drinkers

OR>1 favors ever-Drinkers

Events Total Events Total Odds Ratio OR [95% CI]
55 923 76 1378 1.09 [0.76; 1.55]
222 11796 404 38716 1.82[1.54; 2.15]
192 412 35 149 - 2.84 [1.86; 4.35]
13131 40243 1.76 [0.55; 5.66]
[0.19; 16.21]
I 1 1
0.1 051 2 10

Test for overall effect: t, =2.09 (p =.171)

(Continued)

OR>1 favors ever-Drinkers

11 of 19



TABLE 2 | Risk of bias.

6. Same methods

1. Cases 2. Consecutive or 4. 5. Comparability  of ascertainment
Study, year clearly representative 3. Selection  Definition of cases and of case and
(reference) defined series of cases of controls  of controls controls controls

Anderson et al.

2009 [21]

Asreah et al. 1 1 0 1 1

2021 [22]

Avidan et al. 1 1 0 1 1 1
2002 [72]

Baik et al. 2017
(73]

Bakr et al. 2018
[23]

Bu et al. 2006
[24]
Chacaltana

et al. 2009 [25]

Chak et al.
2002 [26]

Chen et al.
2016 [27]

Chen et al.
2019 [28]

Corley et al.
2006 [29]

Corley et al. 1 1 1 1 0 1
2007 [30]

De Ceglie et al. 1 1 1 1 0 1
2011 [31]

Dong et al.
2018 [32]

Drahos et al.
2015 [33]

Drahos et al.
2016 [34]

Edelstein et al.
2007 [35]

El-Serag et al.
2005 [36]

El-Serag et al.
2014 [37]

Filiberti et al.
2021 [38]

(Continues)
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TABLE 2 | (Continued)

6. Same methods

1. Cases 2. Consecutive or 4. 5. Comparability  of ascertainment
Study, year clearly representative 3.Selection  Definition of cases and of case and
(reference) defined series of cases of controls  of controls controls controls

Iyer et al. 2013
39]

Jiao et al. 2013
[40]

Johansson et al.
2007 [41]

Kendall et al.
2013 [42]

Kendall et al.
2014 [43]

Kendall et al.
2016 [45]

Kendall et al.
2020 [44]

Khalaf et al.
2014 [46]

Kramer et al.
2013 [47]

Kubo et al.
2009 [48]

Kubota et al.
2022 [49]

Ladanchuk et
val., 2010 [50]

Lam et al. 2018
[51]

Leggett et al.
2013 [52]

Lin et al. 2013
(53]

Lindam et al.
2013 [54]

Mulholland
et al. 2011 [55]

Omer et al.
2012 [56]

Park et al. 2009
[57]

Peters et al.
2021 [58]

Petrick et al.
2019 [59]

(Continues)
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TABLE 2 | (Continued)

2. Consecutive or
representative
series of cases

1. Cases
clearly
defined

Study, year
(reference)

Schmidt et al.
2020 [60]

Schneider et al.
2015 [61]

Smith et al.
2005 [62]

Smith et al.
2009 [69]

Steevens et al.
2011 [70]

Thrift et al.
2012 [63]

Thrift et al. 1 1 0
2015 [74]

Vaughan et al.
1995 [67]

Veugelers et al.
2006 [64]

Vogtman et al.
2015 [68]

Wang et al.
2022 [65]

Xie et al. 2020 1 1 1
[66]

Xie et al. 2020 1 1 1
[71]

3. Selection
of controls

6. Same methods
of ascertainment
of case and
controls

4. 5. Comparability
Definition of cases and
of controls controls

Note: Cases were independently assigned/validated: 1 for yes, 0 for record linkage based on self-reports or no description; Consecutive or obviously representative
series of cases: 1 for yes, 0 for selection bias; Selection of community controls: 1 for yes, 0 for Hospital controls or endoscopy controls; Definition of controls: 1 for
healthy, 0 for no definition of source; Comparable cases and controls: 1 for yes, 0 for no; Ascertainment of results blinded: 1 for yes, 0 for no; Consistent method of
ascertainment for cases and controls: 1 your yes, 0 for no. Color key: Green, low risk of bias; Yellow, moderate risk of bias; Red, high risk of bias.

Only one of our included studies reported obesity data in
EAC [71]. Thus, there was insufficient data to perform a
meta-analysis.

3.3 | Tobacco Smoking

Forty-two included studies contained data on smoking status
for patients with BE [21, 22, 25-28, 30, 32-34, 37-46, 48-55,
57-61, 63-66, 69, 70, 72-74]. There were 24,698 ever-smokers
and 22,785 nonsmokers with BE. After performing sensitivity
analysis, we excluded 11 studies identified as outliers [32, 34, 39,
42-44, 54, 60, 63, 69, 72| (Figure S1G,H). Meta-analysis revealed
a significant pooled OR for BE patients having ever been tobacco
smokers (1.41; 95% CI, 1.30-1.52; p < 0.001) (Figure 2D).

Ten studies contained data for smoking in patients with
EAC [21, 32, 34, 50, 55, 59, 66-68, 71]. Dong et al. [32] was

found to be an outlier upon sensitivity analysis and removed
(Figure S11,J). This meta-analysis resulted in a significant
pooled OR favoring patients who have ever smoked tobacco
being diagnosed with EAC (2.15; 95% CI, 1.85-2.49; p < 0.001)
(Figure 2E).

3.4 | Gastroesophageal Reflux (GER)

The frequency of GER symptoms was recorded for 13 of our in-
cluded studies of patients with BE [23, 26, 30, 40, 44-46, 49, 50,
54, 58, 63, 69]. Patients with BE having reflux less than once
weekly totaled 3124, while 3484 had reflux at least once weekly.
Sensitivity analysis revealed [23, 26, 49, 50] to be outliers, and they
were removed from our statistical analysis (Figure S1K,L). Results
of this meta-analysis revealed a significant pooled OR favoring pa-
tients having BE while reporting GER symptoms more than once
weekly (3.56; 95% CIL, 2.03-6.25; p=0.004) (Figure 2F).

14 of 19

Cancer Reports, 2025



Only one study contained data on the frequency of GER symp-
toms in patients with EAC; therefore, it was not possible to con-
duct a meta-analysis [50].

3.5 | Alcohol Use

Data in BE patients who use alcohol was found in 15 of our in-
cluded studies [25-28, 37, 40, 42, 43, 48-50, 52, 53, 69, 72]. The
total number of BE patients who were reported as nondrinkers
of alcohol was 1981, whereas those who reported ever drinking
were 3,868. Kendall et al. [43] were excluded after it was deter-
mined to be an outlier upon sensitivity analysis (Figure SIM,N).
The meta-analysis we performed showed a significant pooled OR
favoring patients who have drunk alcohol for being diagnosed
with BE (1.37; 95% CI, 1.10-1.71; p=0.008) (Figure 2G).

Only three of our included studies contained data on alcohol
drinking in patients with EAC [50, 68, 72]. The nondrinking
EAC patients totaled 515, while the ever-drinkers were 4609.
This meta-analysis resulted in a non-significant pooled OR
favoring patients who were ever-drinkers of alcohol for the di-
agnosis of EAC (1.76; 95% CI, 0.55-5.66; p=0.171) (Figures 2H
and S10,P).

3.6 | Bariatric Surgery

Two studies met our inclusion criteria in examining the risk of
developing BE after bariatric surgery in patients who had en-
doscopies prior to their surgery [75, 76]. However, there was not
enough data to perform a meta-analysis on this potential risk
factor.

4 | Discussion

Our systematic review has identified 54 studies which met
inclusion criteria and were statistically analyzed for meta-
analyses. This meta-analysis contained a wide scope of risk
factors for the development of BE or EAC separately: gender;
obesity; tobacco smoking; GER symptoms; and alcohol use.
We identified significant associations for six pairings of risk
factors and outcomes, all resulting in an OR which favored the
clinical prediction of either BE or EAC. Five of these associa-
tions were with BE, and one was with EAC. The largest impact
was seen in patients with GER symptoms at least once weekly
and its association with the development of BE, resulting in
a significant pooled OR (3.56; 95% CI; 2.03-6.25; p=0.004)
(Figure 2). The other statistically significant associations in de-
scending order of the magnitude are: tobacco smoking favors
the development of EAC (OR, 2.15;95% CI, 1.85-2.43; p < 0.001)
tobacco smoking increases the risk of attaining BE (OR, 1.41;
95% CI, 1.30-1.51; p<0.001); alcohol use was shown to pre-
dict the diagnosis of BE (OR, 1.37; 95% CI 1.10-1.71; p=0.008);
male gender favors being diagnosed with BE (OR, 1.36; 95% CI,
1.19-1.57; p<0.001); and lastly obesity (BMI>30 kg/m?) in-
creased the probability of being diagnosed with BE (OR, 1.23;
95% CI, 1.09-1.39; p=0.003) (Figure 2). To our knowledge,
these data are derived from the largest meta-analysis yet to be
conducted on screening for BE or EAC.

Our findings regarding the magnitude of weekly GER symptoms
as a risk factor for the development of BE were also supported
by an earlier systematic review and meta-analysis by Qumseya
et al., who demonstrated a 0.8% prevalence of BE compared with
a 3.0% prevalence in patients with GERD [77]. The presence of
GERD plus any other risk factor corresponded with a BE prev-
alence of 12.2% in this study [77]. Two other systematic reviews
with meta-analyses have also reported a higher BE prevalence
in patients with GER symptoms and in patients with weekly
GER symptoms, respectively [78, 79]. The later study reported a
smaller effect of weekly GER symptoms on the prevalence of BE
(OR 1.67) compared with our study (OR 1.67; 95% CI, 1.30—2.15)
[79] Our study, along with data from these studies above, should
draw more attention to GER symptoms and GERD as stronger
risks for the development of BE than previously recognized [9].
As mentioned earlier, there are five organizations in the United
States and Europe that have published guidelines for BE screen-
ing and diagnosis based on risk factors [9-12]. Recognizing the
inequality of all the effects of the known risk factors for devel-
oping BE, we propose weighing these risk factors based on their
individual contribution.

The hypothesis for BE screening is based on the metaplasia-
dysplasia-carcinoma progression paradigm. Based on this par-
adigm, endoscopic BE screening could identify patients who
may benefit from surveillance and treatment programs which
may modify the risk of progression to EAC [9]. Support for this
hypothesis has been shown in patients diagnosed with BE cor-
related with better overall survival, lower all-cause mortality and
finding EAC at earlier stages [8, 80]. The finding of less than
7.3% of EAC patients were known to have BE prior to their can-
cer diagnosis suggests that either screening guidelines are not
being implemented or require further evaluation [8, 81]. Given
the less than 20% survival of EAC once symptoms occur, further
examination of screening protocols deserves our attention [81].
Screening the general population for BE has not shown to be cost
effective due to the low prevalence of the disease in the general
population. However, Benaglia et al., have shown that a screen-
ing model for 50-year-old patients with GER symptoms using a
non-endoscopic cell sampling device is cost effective and would
reduce mortality form EAC compared with no screening [82].
Other models have shown cost effectiveness in screening for BE
in 60-year-old patients with GERD by a minimally invasive cell
sampling device followed by endoscopy [83]. We support the em-
ployment of similar screening strategies to augment the diagno-
sis of BE, especially knowing the majority of patients with EAC
are not identified for BE surveillance programs [9].

The most obvious limitation to our paper is that all our data were
derived from observational studies. All of our included studies
were characterized as observational (Table 1) and according to
the Grading of Recommendations, Assessment, Development
and Evaluation, our derived data are deemed low-quality evi-
dence [18]. We mitigated the risk of bias found in observational
studies by limiting our included studies to only those which
had control groups for comparison to case patients. Regarding
our included studies, only 22 had a low risk of bias (Table 2).
We identified 24 of our included studies to have bias in either
the domain of selection or comparability due to either the use
of endoscopic controls rather than healthy controls or lack of
comparability between case and control patients, respectively
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(Table 2). Bias due to confounding is possible for race and the
collection of data through insurance registries. Both BE and
EAC is more common in persons of white race, and Kendall et al.
[45] only included non-Hispanic white patients. We agree with
the American College of Gastroenterology and did not account
for race as a biological variable but rather as a social construct
that stratifies patients [9]. Data from six studies were obtained
from the same insurance registry (Kaiser Permanente) and
they all deemed their study populations to be demographically
representative of the Northern California census population
[23, 29, 30, 48, 61, 68]. Publication bias was mitigated by using
leave-one-out sensitivity analysis when the effect size was out-
side the confidence intervals of the pooled effect size (Figure S1).
Our study design was to identify risk factors for BE or EAC inde-
pendent of prior diagnoses: therefore, we did not report on hiatal
hernia, which has been reported as a well-established risk fac-
tor for developing BE. Lastly, cost effectiveness for BE diagnosis
using risk factors needs further investigation.

In conclusion, our meta-analysis provides a comprehensive da-
tabase on risk factors and clinical indicators to help identify
the patients who are at the highest risk of developing BE and
could benefit from a diagnostic evaluation. We present evidence
supporting a strong relationship with patients who suffer from
symptoms of weekly gastroesophageal reflux and the develop-
ment of BE, the only known pathological precursor to EAC.
Until further evidence supports the diagnostic accuracy of less
invasive endoscopic procedures or biologic markers for screen-
ing, we advocate for increased awareness of BE risk factors by
primary care physicians to increase endoscopic evaluations. The
opportunity for enhancing the low rates for early diagnosis of BE
appears to be a current pathway in improving the unfavorable
epidemiology of EAC.
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