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Metabolic syndrome is associated with increased
risk of Barrett esophagus
A meta-analysis
Qiong He, MD, PhDa,∗, Jian-dong Li, MDb, Wei Huang, MD, PhDa, Wen-chang Zhu, MD, PhDb,
Jian-quan Yang, MDa

Abstract
Background: Barrett esophagus (BE) is considered precursor condition of esophageal adenocarcinoma. Its incidence and
prevalence are increasing in general population. Studies reported that metabolic syndrome (MS) or diabetes mellitus (DM) is related to
increased risk of BE. Current study was to assess and better understand the relationship between MS /DM and BE.

Methods: Electronic search was conducted in the database Pubmed/Medline (-December, 2015), Embase (-December, 2015),
Cochrane Library (-December, 2015), and Web of Knowledge (-December, 2015). Studies included were assessed with summary
odds ratios (ORs) with 95% confidence intervals (CIs) and compared exposure group with control group. The heterogeneity was
examined by the funnel plot and the Egger’s test. Subgroup analyses and sensitive analyses were performed for the detection of
possible heterogeneity and impact on stability of analysis results.

Results: Twelve publications met the criteria and included 355,311 subjects were analyzed. The pooled results showed MS was
closely associated with increased risk of BE (OR=1.23; 95%CI 1.03–1.47; P=0.024), and yet DM did not significantly increase the
risk of BE (OR=1.07; 95%CI 0.82–1.38; P=0.627). Substantial heterogeneities were detected. No significant publication bias was
detected by Egger’s test (P=0.23).

Conclusions:Based on the results of current meta-analysis, MS is associated with increased risk of BE. Further long-term follow-
up prospective study needs to verify the current results, and definite pathophysiological mechanism needs to be further investigated
and clearly elucidated.

Abbreviations: BE = Barrett esophagus, DM = diabetes mellitus, EAC = esophageal adenocarcinoma, EGC = esophageal
cancer, MS = metabolic syndrome.
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1. Introduction

The incidence and prevalence of esophageal cancer (EGC) are
increasing in the worldwide,[1] especially among patients with
Barrett esophagus (BE).[2] BE is considered as a kind of
premalignant conditions and closely associated with EGC,
especially esophageal adenocarcinoma (EAC).[3] Several factors
previously reported could have impact on long-term outcomes of
BE in high-risk general population. It is generally known that
gastroesophageal reflux disease is the primary risk factor for
BE.[1] In addition, central adiposity also significantly increases the
risk of erosive esophagitis, esophageal metaplasia, BE, and
EAC.[4,5] Its effects may be mediated by reflux-dependent/
independent mechanisms.[6] However, the exact mechanism now
is unclear and needs to be deeply investigated. Furthermore,
several studies published in recent years showed that statins use
may be associated with lower risk of EGC, particularly in patients
with BE.[7]

Lipid metabolism disorder is an established factor and closely
related with increased risk of cardiovascular events and
endocrine diseases such as metabolic syndrome (MS) or type 2
diabetes mellitus (DM). A recent epidemiologic survey found that
MS is diagnosed in 46% patients with BE; moreover, central
obesity is found in 78.4% of those patients.[8] Some studies also
revealed that the proportion ofMS in BE patients far exceeds that
of normal population.[9,10] And yet it is unclear that the
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relationship between MS or DM and BE. Several observational
studies also revealed that MS[8,9] or DM[11,12] was detected in BE
patients and accounted for a quite large proportion of those
patients. Furthermore, in those patients with established DM, BE
is more commonly detected in DM patients compared with those
without this disease.[13] However, a few studies drew the opposite
conclusion.[14] In order to better understand the correlation of
MS or DM and BE, we undertook a systematic review and meta-
analysis based on observational studies that investigated the
relationship between MS/DM and the risk of BE. Furthermore,
subgroup analysis was conducted in consideration of other
impact factors so as to understand whether MS or DM is
independent effect on BE.
2. Materials and methods

2.1. Search strategy

We followed The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement during per-
forming this meta-analysis. Ethics committee and/or institutional
board approval was not necessary because this is a meta-analysis.
Computer-aided search strategy was conducted by using the
databases Pubmed/Medline (-December, 2015), Embase (-De-
cember, 2015), Cochrane Library (-December, 2015), and Web
of Knowledge (-December, 2015). The starting year at initial
retrieval was not restricted for searching potential studies. We
used the following key terms: metabolic syndrome, diabetes
mellitus, Barrett’s oesophagus, Barrett’s esophagus. Manual
searches were performed for abstracts published in major
international conferences, and additional trials were identified
through cited bibliographies of original articles or relevant
reviews. Language was not restricted in the initial search. Both
English and non-English language publications were searched
and retrieved.
2.2. Study selection

Studies considered in this meta-analysis were either RCTs or
observational studies that met the following inclusion criteria:
clear diagnosis of MS and DM were reported; correlations
betweenMS or DMand BEwere described; relative risk (RR) (for
cohort studies), odds ratio (OR) (for case–control studies), or
data for their calculation were provided; repeated publications
were deleted using the reference management software EndNote;
and overlapping contents published in different versions were
identified, then the most recent record was eligible for inclusion.
Inclusion criteria were not otherwise restricted by study sample
size, language, or publication type. Retrieved publications were
excluded from the final analysis if there were incomplete or
insufficient data to determine an estimate of RR/OR and a 95%
confidence interval (CI), although these studies were included the
this review and reported qualitatively.
2.3. Data extraction and quality assessment

The retrieved citations were reviewed independently by 2
investigators (QH, JDL), discrepancies were resolved by
consensus plus views of another investigators (WH, JQY). The
data from each study were extracted as follows: the first author of
each study, publication year, publication region, number of
participants, study period, study setting, study design, the
proportion of males/females, and the rate/number of MS or
2

DM cases. The data extraction was completed independently by
the 2 investigators.
The methodologic quality assessment was performed indepen-

dently by 2 reviewers (QH and JDL) using the Newcastle–Ottawa
scale (NOS) for evaluating the quality of nonrandomized
studies.[15] In this scale, assessment for case–control studies
included 3 categories (selection, comparability, and exposure),
incorporating 4 items, 1 item, 2 items, respectively. Likewise,
evaluation for cohort studies had 3 categories (selection,
comparability, and outcome), including 4 items, 1 item, 3 items,
respectively. Each item had a score of 1 except for comparability
(2 of scores). The maximum score was 9. Re-evaluation for
included original studies was conducted and resolved once any
discrepancy or conflict occurred.
2.4. Statistical analysis

The software STATA/SE version 11.2 (Stata, College Station,
TX)was used to perform statistical analysis. Effect size for pooled
discontinuous variables was expressed as odds risks (ORs) and
mean difference with 95% confidence interval (95%CI). The OR
and 95%CI of each outcome was calculated with random effect
model (DerSimonian–Laird) and pooled for summary estimation
if significant heterogeneity was detected. Since outcomes were
relatively rare, ORs were considered approximations of RR. The
heterogeneity cross-included studies were evaluated by calculat-
ing the I2 statistic and P value. The smaller I2 value shows
insignificant heterogeneity, otherwise, the larger value indicates
increasing heterogeneity. Where no statistically significant
heterogeneity was found, we planned to use a fixed-effect model.
A P value<0.10 was considered statistically significant. If
considerable heterogeneity was detected, sources of heterogeneity
between studies were further investigated using subgroup
analysis by stratification estimate of characteristics of each
study, with P value<0.10 for differences between subgroups
being considered statistically significant. Furthermore, a sensitiv-
ity analysis was also conducted, whereby each study was omitted
in turn. Publication bias was evaluated by visual inspection of
funnel plot and examined by the Egger’s test. A P value<0.10 on
Egger’s test was considered to indicate risk of publication bias.
3. Results

3.1. Characteristics of included studies

A total of 160 potential publications were obtained based on the
initial search strategy. Ninety five complete duplications were
excluded on the basis of the titles and abstracts. Sixty five
citations were further screened by 2 investigators. Twenty four
relevant pits were fully reviewed after excluding 41 completely
irrelevant publications. Twenty one citations were further
identified after excluding 1 case report,[16] 2 reviews.[17,18]

Twelve publications including 13 studies[6,10,14,19–27] met the
inclusion criteria, and were finally included the data quantitative
synthesis analysis after excluding 3 noncontrol citations,[8,9,28] 4
overlapped citations,[11,12,29,30] and 2 other study contents of
citations.[13,31]Figure 1 indicated a flow diagram of search
strategy.
In the included studies, the vast majority of them were

performed in the US population (9 studies), and the remainders
were in the Ireland (1 publication) population and Australia
population (2 publications). All of the studies incorporated 4
abstracts and 8 full-texts. Most majority of included studies were
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Figure 1. Search strategy for identifying studies to be included in the meta-
analysis.
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case–control design except one. Identified studies included
more than 300 thousand individuals for the final analysis. Four
publications studied the association DM and BE;[6,20,23,25] 1
publication investigated the influence of DM, MS on BE;[24] the
Table 1

Characteristics of studies included in the meta-analysis.

Study Diagnosis Type Regions
Study
setting

Study
design

Wani (2008) MS Abstract USA Hospital_based Case–control

Healy (2010) MS Full text Ireland Hospital_based Case–control
Kendall (2010) MS Abstract Australia Population_based Case–control
Kendall (2011) DM Abstract Australia Population_based Case–control
Drahos (2013) MS Abstract USA Population_based Case–control
Duggan (2013) MS Full text USA Hospital_based Prospective

cohort
2/1

Iyer (2013) DM Full text USA Population_based Case–control 5/1
Leggett (2013) MS

and DM
Full text USA Population_based Case–control 1

Rubenstein (2013) DM Full text USA Population_based Case–control
Agrawal (2014) DM Full text USA Hospital_based Case–control 1
Drahos (2015) MS Full text USA Population_based Case–control
Thrift (2015) MS Full text USA Hospital_based Case–control

3

remainders focused on impact of MS on BE.
In addition, a large proportion of population (more than a
half) incorporated in the included studies were male
individuals.[6,10,22–27] Furthermore, White people was the chief
study race identified in the these included studies.[14,22,24–27] The
characteristics of the included studies were listed in Table 1.
3.2. Outcomes of meta-analysis

Because of substantial heterogeneity detected by fix-effects model
(I2=62.8%, P=0.001), random-effect model was used in the
meta-analysis. The overall effect revealed that MS and DM
significantly increased the risk of BE (OR=1.16; 95%CI
1.03–1.31; P=0.018) (x2=32.26; I2=62.8%, P=0.018). Based
on the diagnosis ofMS andDM, the results revealed that DMwas
not associated with the risk of BE (OR=1.07; 95%CI 0.82–1.38;
P=0.627); however, MS considerably increased the risk of BE
(OR=1.23; 95%CI 1.03–1.47; P=0.024) (Fig. 2, Table 2).

3.3. Subgroup analysis and publication bias

Subgroup analyses were further conducted by stratifying
publication type, study design, and study setting (Table 2). As
far as 2 publication types were concerned, no significant
statistical differences were detected (abstracts: OR 1.26, 95%
CI 0.86–1.85, P=0.232 vs full text: OR 1.11, 95%CI 0.98–1.25,
P=0.113). Considering inclusion of overwhelming majority
case–control studies (12 studies) and only 1 cohort study,
subgroup analyses revealed markedly significance was observed
in case–control group (OR=1.16, 95%CI 1.03–1.32, P=0.019
vs OR=1.16, 95%CI 1.03–1.31, P=0.871). In addition, based
on different study settings, analysis result including population-
based studies showed statistically significant difference (OR=
1.21, 95%CI 1.07–1.36, P=0.003). Significant heterogeneity
was observed in the overall effect analysis (x2=32.26; P=0.001,
I2=62.8%). The results were stable according to subgroup
interaction heterogeneity analysis (Table 2). Sensitive analysis by
omitting 1 study in each turn indicated the results were
unaffected. No single study notably affected the overall summary
estimate or P value for heterogeneity. Publication bias was
evaluated by a funnel plot and Egger’s test. Asymmetry was
observed by inspection of the funnel plot. Trim and fill method
was subsequently analyzed, and the results had no obvious
changes (data no shown). No significant publication bias was
detected by Egger’s test in the meta-analysis (P=0.23) (Fig. 3).
Study
period

Total
subjects (n)

MS/DM
cases (n)

Special
population

M,
%

Total quality score
(maximum, 9)

� 309 138 93.2%
Caucasians

� 7

� 231 91 � 63.2 8
06/2003 473 260 � � 5
06/2003 483 43 � � 6

� 251,196 30,575 � � 9
995–9/2009 388 43 96.4% White 81.9 7

991–4/2010 84,606 4582 � 63.6 9
999–2006 309 215 96.4%

Caucasians
68 8

� 901 165 � 100 6
992–2012 583 158 95.7% White 97.4 6

� 14,764 4227 85.6% White 51.7 8
� 1068 689 100% White man 100 8
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Figure 2. Forest plot based on diagnosis of MS and DM for the risk of BE. BE=Barrett esophagus, DM=diabetes mellitus, MS=metabolic syndrome

Table 2

Subgroups analysis for metabolic syndrome and diabetes mellitus and risk of Barrett esophagus.

Subgroups Categories N OR 95%CI
Heterogeneity between

groups (I2)
Heterogeneity between

groups (P value)

Publication type Abstracts 4 1.26 0.86–1.85 61.23% 0.62
Full-text 9 1.11 0.98–1.25

Study design Case–control 12 1.16 1.03–1.32 65.28% 0.702
Cohort 1 1.06 0.55–2.02

Study setting Population_based 9 1.21 1.07–1.36 63.85% 0.145
Hospital_based 4 0.94 0.62–1.41

Disease type Metabolic syndrome 8 1.23 1.03–1.47 65.28% 0.479
Diabetes mellitus 5 1.07 0.82–1.38

CI= confidence interval, OR=odds ratio.

Figure 3. Publication bias detected by Egger test.
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4. Discussion

Current study conducted comprehensive review and meta-
analysis to provide available information of MS and DM in
connection with BE. Our study included over 300 thousand
individuals for quantitative assessment. Finally, the pooled
results revealed MS is positively correlated with risk of BE while
DM did not increase the risk of BE. The confirmation of these
results is from data analysis of including large sample population,
the reliability of the outcomes have been primarily proved to
certain extent. Second, the data calculated from each study
almost based on independent of other confound factors,
therefore, the facticity of the data is guaranteed.
Multiple previous observational studies as well as meta-

analysis have noted a strong positive association between central
obesity and BE.[32,33,5,34] Furthermore, recent studies demon-
strated that statin use may be associated with lower risk of EAC,
particularly risk of EAC in patients with BE.[7,35–38] Lipid
4
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metabolism dysfunction is common in MS and DM. Abdominal
fat is metabolically active, abdominal obesity is an established
risk factor associated with MS. MS results from obesity related
hormonal and systemic inflammatory changes and is associated
with cancers of multiple systems in human. There are published
observational studies suggest that the combined use of a statin
and aspirin or another cyclooxygenase inhibitor is associated
with a significantly reduced cancer incidence in patients with
BE.[39] DM is also correlated with obesity-related hormonal
changes and is a recognized risk for numerous epithelium-
originating cancers. Considering these factors above and different
disease type, we assessed and analyzed outcomes, respectively. In
current meta-analysis, we found that MS is associated with an
increased risk of BE, and yet DM is not. A recent study concluded
that metformin use in DM patients had no influence on risk of BE
and EGC, neither an increased risk nor an decreased risk.[25]

Therefore, metformin use may not have any statistically
significant protective effect for BE. Thus, the concrete mechanism
of this association between MS and BE remains unknown and is
warranting further study and explored.
In addition, we did not further assess the association of BMI

status between MS/DM individuals and BE because several
previous published observation and review studies all revealed
BMIhas nopredictive valuewith respect to gastroesophageal reflux
disease patients and their risk of progression to BE.[5,40,41] So, this
association is not explained simply by higher BMI among subjects.
There were substantial heterogeneities (I2 with 50%–70%)

detected in quantitative synthesis analysis. Subgroup analyses via
investigating publication type, study design, and study setting
provided no evidence to support this as a source of heterogeneity.
Year of patient recruitment, human race, human age, diagnosis

criteria, and methods of data analysis variables could not be
further investigated due to the lack of data and unavailable/
insufficient information.
As any meta-analysis previously reported, there were several

limitations in our study. First, almost all of including studies were
case–control design, information bias, selection bias, and
confounding bias are possible. Second, majority of studies are
from USA and most of White people are selected for analysis,
selection bias is inevitable. Third, significant heterogeneity was
observed in the overall analysis. The heterogeneity could be
explained by differences in region, ethnicity, the proportion of
male subjects, and confound factors such as smoking of exposure
ascertainment. Moreover, due to unavailable or insufficient data,
these factors were not used for pooled analysis. Such significant
heterogeneity has also been observed in previous meta-analyses
assessing the risk of obesity/statins and BE, EGC.[5,7] Fourth,
there are a few long/short BE described in included studies, the
interaction between them and MS/DM is not sure through the
studies.
In summary, current study indicates that MS is associated with

increased risk of development of BE. DMposes no additional risk
for BE according to our results. Future prospective long-term
observational study should be investigated, and physiopatholog-
ical mechanism needs to be further elucidated so as to take
protective measures.

References

[1] Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA
Cancer J Clin 2015;65:87–108.

[2] de Jonge PJ, van BlankensteinM,GradyWM, et al. Barrett’s oesophagus:
epidemiology, cancer risk and implications for management. Gut
2014;63:191–202.
5

2012;78:1193–200.
[4] Edelstein ZR, Farrow DC, Bronner MP, et al. Central adiposity and risk

of Barrett’s esophagus. Gastroenterology 2007;133:403–11.
[5] Singh S, Sharma AN, Murad MH, et al. Central adiposity is associated

with increased risk of esophageal inflammation, metaplasia, and
adenocarcinoma: a systematic review and meta-analysis. Clin Gastro-
enterol Hepatol 2013;11:1399.e7–412.e7.

[6] Rubenstein JH, Morgenstern H, McConell D, et al. Associations of
diabetes mellitus, insulin, leptin, and ghrelin with gastroesophageal
reflux and Barrett’s esophagus. Gastroenterology 2013;145:1237.e1-
5–44.e1-5.

[7] Singh S, Singh AG, Singh PP, et al. Statins are associated with reduced
risk of esophageal cancer, particularly in patients with Barrett’s
esophagus: a systematic review and meta-analysis. Clin Gastroenterol
Hepatol 2013;11:620–9.

[8] Ryan AM, Healy LA, Power DG, et al. Barrett esophagus: prevalence of
central adiposity, metabolic syndrome, and a proinflammatory state.
Ann Surg 2008;247:909–15.

[9] Singh M, Sampliner RE, Falk GW, et al. High prevalence of metabolic
syndrome in patients with Barrett’s esophagus: a multi-center, registry
study. Gastrointest Endosc 2009;69:AB349.

[10] Healy L.A, Ryan AM, Pidgeon G, et al. Lack of differential pattern in
central adiposity and metabolic syndrome in Barrett’s esophagus and
gastroesophageal reflux disease. Dis Esophagus 2010;23:386–91.

[11] Iyer P, Heien H, Borah B, et al. Diabetes mellitus increases the risk of
Barrett’s esophagus: results from a large population based case control
study. Am J Gastroenterol 2012;107:S15–6.

[12] Rubenstein JH, Morgenstern H, McConnell DS, et al. Associations of
hyperinsulinemia and diabetes mellitus with Barrett’s esophagus.
Gastroenterology 2013;144:S28–9.

[13] Tseng PH, Lee YC, Chiu HM, et al. Association of diabetes and HbA1c
levels with gastrointestinal manifestations. Diabetes Care 2012;35:
1053–60.

[14] Wani SB, Pondugula K, Bansal A, et al. Metabolic syndrome is not a risk
factor for Barrett’s esophagus. Gastroenterology 2008;134:A321.

[15] Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-
analyses. Available at: http://www.ohri.ca/programs/clinical_epidemiol
ogy/oxford.asp. Accessed December 1, 2015.

[16] Pronicki M, Kuczewska-Stanecka K. Barrett esophagus diagnosed after
appendectomy in a patient with diabetes mellitus. Pol Tyg Lek
1992;47:33–4.

[17] Quigley EM, Jacobson BC, Lenglinger J, et al. Barrett’s esophagus:
clinical features, obesity, and imaging. Ann N Y Acad Sci 2011;1232:
36–52.

[18] Ryan AM, Duong M, Healy L, et al. Obesity, metabolic syndrome and
esophageal adenocarcinoma: epidemiology, etiology and new targets.
Cancer Epidemiol 2011;35:309–19.

[19] Kendall BJ, Macdonald GA, Hayward NK, et al. Metabolic syndrome
and the risk of Barrett’s oesophagus. J Gastroenterol Hepatol 2010;25:
A78.

[20] Kendall BJ,Macdonald GA, HaywardNK, et al. Type 2 diabetes mellitus
and the risk of Barrett’s oesophagus. J Gastroen Hepatol 2011;26
(Suppl.4):76.

[21] Drahos J, Ricker W, Pfiffer RM, et al. Metabolic syndrome is associated
with an increased risk of Barrett’s esophagus in those without
symptomatic reflux. Cancer Res 2013;73:S8.

[22] Duggan C, Onstad L, Hardikar S, et al. Association between markers of
obesity and progression from Barrett’s esophagus to esophageal
adenocarcinoma. Clin Gastroenterol Hepatol 2013;11:934–43.

[23] Iyer PG, Borah BJ, Heien HC, et al. Association of Barrett’s esophagus
with type II diabetes mellitus: results from a large population-based case-
control study. Clin Gastroenterol Hepatol 2013;11:1108.e5–14.e5.

[24] Leggett CL, Nelsen EM, Tian J, et al. Metabolic syndrome as a risk factor
for Barrett esophagus: a population-based case-control study.Mayo Clin
Proc 2013;88:157–65.

[25] Agrawal S, Patel P, Agrawal A, et al. Metformin use and the risk of
esophageal cancer in Barrett esophagus. South Med J 2014;107:774–9.

[26] Drahos J, Ricker W, Parsons R, et al. Metabolic syndrome increases risk
of barrett esophagus in the absence of gastroesophageal reflux: an
analysis of SEER-medicare data. J Clin Gastroenterol 2015;49:282–8.

[27] Thrift AP, Hilal J, El-Serag HB. Metabolic syndrome and the risk of
Barrett’s oesophagus in white males. Aliment Pharmacol Ther
2015;41:1182–9.

[28] Fujita M, Nakamura Y, Kasashima S, et al. Risk factors associated with
Barrett’s epithelial dysplasia. World J Gastroenterol 2014;20:4353–61.

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.md-journal.com


[29] Cadman L, Nelsen EM, Tian JM, et al. Metabolic syndrome is a risk [36] Kastelein F, Spaander MC, Biermann K, et al. Nonsteroidal anti-

He et al. Medicine (2016) 95:31 Medicine
factor for Barrett’s esophagus: a population based case control study.
Gastroenterology 2011;140:S178.

[30] Thrift AP, Hilal J, El-Serag HB. Metabolic syndrome and the risk of
Barrett’s esophagus in White males. Gastroenterology 2015;148:S344.

[31] Promberger R, Lenglinger J, Riedl O, et al. Gastro-oesophageal reflux
disease in type 2 diabetics: symptom load and pathophysiologic aspects –
a retro-pro study. BMC Gastroenterol 2013;13:132.

[32] Corley DA, Kubo A, Levin TR, et al. Abdominal obesity and body mass
index as risk factors for Barrett’s esophagus. Gastroenterology
2007;133:34–41. quiz 311.

[33] Veugelers PJ, Porter GA, Guernsey DL, et al. Obesity and lifestyle risk
factors for gastroesophageal reflux disease, Barrett esophagus and
esophageal adenocarcinoma. Dis Esophagus 2006;19:321–8.

[34] Rubenstein JH, Morgenstern H, Chey WD, et al. Protective role of
gluteofemoral obesity in erosive oesophagitis and Barrett’s oesophagus.
Gut 2014;63:230–5.

[35] Nguyen DM, Richardson P, El-Serag HB. Medications (NSAIDs, statins,
proton pump inhibitors) and the risk of esophageal adenocarcinoma in
patients with Barrett’s esophagus. Gastroenterology 2010;138:2260–6.
6

inflammatory drugs and statins have chemopreventative effects in
patients with Barrett’s esophagus. Gastroenterology 2011;141:2000–8.
quiz e13-4.

[37] Goldberg A, Gerkin RD, Young M. Medical prevention of Barrett’s
esophagus: effects of statins, aspirin, non-aspirin NSAIDs, calcium, and
multivitamins. Dig Dis Sci 2015;60:2058–62.

[38] Masclee GM, Coloma PM, Spaander MC, et al. NSAIDs, statins, low-
dose aspirin and PPIs, and the risk of oesophageal adenocarcinoma
among patients with Barrett’s oesophagus: a population-based case-
control study. BMJ Open 2015;5:e006640.

[39] Long E, Beales IL. The role of obesity in oesophageal cancer
development. Therap Adv Gastroenterol 2014;7:247–68.

[40] Cook MB, Greenwood DC, Hardie LJ, et al. A systematic review and
meta-analysis of the risk of increasing adiposity on Barrett’s esophagus.
Am J Gastroenterol 2008;103:292–300.

[41] Edelstein ZR, Bronner MP, Rosen SN, et al. Risk factors for Barrett’s
esophagus among patients with gastroesophageal reflux disease: a
community clinic-based case-control study. Am J Gastroenterol
2009;104:834–42.


	Metabolic syndrome is associated with increased risk of Barrett esophagus
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Study selection
	2.3 Data extraction and quality assessment
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of included studies
	3.2 Outcomes of meta-analysis
	3.3 Subgroup analysis and publication bias

	4 Discussion
	References


