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Abstract

BACKGROUND & AIMS—Central adiposity has been implicated as a risk factor for Barrett’s
esophagus (BE) and esophageal adenocarcinoma (EAC), possibly promoting the progression from
inflammation to metaplasia and neoplasia. We performed a systematic review and meta-analysis
of studies to evaluate the association between central adiposity and erosive esophagitis (EE), BE,
and EAC, specifically exploring body mass index (BMI)—independent and gastroesophageal reflux
(GERD)-independent effects of central adiposity on the risk of these outcomes.

METHODS—We performed a systematic search of multiple databases through March 2013.
Studies were included if they reported effect of central adiposity (visceral adipose tissue area,
waist-hip ratio, and/or waist circumference) on the risk of EE, BE, and EAC. Summary adjusted
odds ratio (aOR) estimates with 95% confidence intervals (CIs), comparing highest category of
adiposity with the lowest category of adiposity, were calculated by using randomeffects model.

RESULTS—Forty relevant articles were identified. Compared with patients with normal body
habitus, patients with central adiposity had a higher risk of EE (19 studies; aOR, 1.87; 95% ClI,
1.51-2.31) and BE (17 studies; aOR, 1.98; 95% Cl, 1.52-2.57). The association between central
adiposity and BE persisted after adjusting for BMI (5 studies; aOR, 1.88; 95% CI, 1.20-2.95).
Refluxindependent association of central adiposity and BE was observed in studies that used
GERD patients as controls or adjusted for GERD symptoms (11 studies; aOR, 2.04; 95% ClI,
1.44-2.90). In 6 studies, central adiposity was associated with higher risk of EAC (aOR, 2.51;
95% Cl, 1.54-4.06), compared with normal body habitus.

CONCLUSIONS—On the basis of a meta-analysis, central adiposity, independent of BMI, is
associated with esophageal inflammation (EE), metaplasia (BE), and neoplasia (EAC). Its effects
are mediated by reflux-dependent and reflux-independent mechanisms.
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Methods

Obesity has been implicated in a spectrum of reflux-related esophageal diseases ranging
from esophageal inflammation (erosive esophagitis [EE]) to metaplasia (Barrett’s esophagus
[BE]) to neoplasia (esophageal adenocarcinoma [EAC]).1~® Obesity promotes
gastroesophageal reflux disease (GERD) through disruption of the gastroesophageal junction
anatomy and physiology, which can lead to EE.®7 This reflux-induced chronic esophageal
inflammation predisposes to BE and a higher risk of progressing to EAC.# In previous
studies, increased body mass index (BMI) was found to be a risk factor for GERD but not
for the development of BE in those with GERD.1-3 This suggested that the effect of BMI on
BE pathogenesis may be mediated predominantly by promoting reflux.8

Several recent preclinical and observational studies have demonstrated that the pattern of
body fat distribution may be more important than overall adiposity in determining the risk of
EE, BE, and EAC.49-11 Although some studies have shown that central adiposity may have
a BMI-independent effect on the risk of these adverse esophageal outcomes,®12 others have
failed to demonstrate this association.1314 In addition to promoting GERD, metabolically
active visceral adipose tissue releases proinflammatory adipocytokines, which may
contribute to development of metaplasia and neoplasia.”-11:15 Such a refluxindependent
effect of central adiposity on BE and EAC, however, is not consistent among all
studies.10.16.17

Therefore, to better understand the relationship between central adiposity and esophageal
inflammation, metaplasia and neoplasia, we conducted a systematic review and meta-
analysis of all observational studies that investigated the association between central
adiposity and risk of these outcomes. Through predetermined subgroup analyses, we sought
to understand whether central adiposity has a BMI-independent association with these
outcomes, and whether central adiposity has a refluxindependent effect on BE and EAC.

This systematic review was conducted following guidance provided by the Cochrane
Handbook” and reported according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.18 The process followed a priori
established protocol.

Search Strategy

First, a systematic literature search of PubMed (1966 through March 1, 2013), followed by
Embase (1988—March 1, 2013) and Web of Science (1993-March 1, 2013) databases, was
conducted to identify all relevant articles on the effect of central adiposity on the risk of EE,
BE, and EAC. Medical subject heading (MeSH) terms used in the search included a
combination of “Obesity”, “Waist Circumference”, “Waist-Hip Ratio”, “Body Fat
Distribution”, “Adiposity”, “Abdominal Fat”, “Obesity, Abdominal” AND “Esophagitis”,
“Barrett esophagus” OR “esophageal neoplasm”. The title and abstract of studies identified
in the search were reviewed by 2 authors independently (S.S., A.N.S.) to exclude studies
that did not answer the research question of interest, which was based on prespecified
inclusion and exclusion criteria. The full text of the remaining articles was examined to
determine whether it contained relevant information. The coefficient of agreement between
the 2 reviewers for article selection (x = 0.84; 95% confidence interval [CI], 0.72-0.94) was
excellent. Next, the bibliographies of the selected articles and review articles on the topic
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were manually searched for additional articles. Third, a manual search of conference
proceedings from major gastroenterology meetings (2005-2012) was performed for
additional abstracts on the topic. These were not included in the primary analysis, but
sensitivity analysis after including these abstracts was performed for each outcome.

Selection Criteria

Studies considered in this meta-analysis were observational studies that met the following
inclusion criteria: (1) evaluated and defined a measure of central adiposity, visceral adipose
tissue area (cm? ) or volume (cm? ) as measured using abdominal computed tomography
(CT), waist-hip ratio (WHR), and/or waist circumference (WC); (2) reported its association
with esophageal disease outcomes (EE defined on upper endoscopy, BE and/or EAC
validated by pathology review); and (3) reported a measure of association, relative risk (RR)
or odds ratio (OR), or provided data for their calculation. Inclusion was not otherwise
restricted by study size, language, or publication type. Figure 1 summarizes the process of
study identification, inclusion, and exclusion.

Data Abstraction

Data on the following were independently abstracted onto a standardized form by 2
reviewers (S.S., A.N.S.): (1) study characteristics: study design, time period, country, source
population, presence or absence of GERD symptoms; (2) exposure assessment: measure of
central adiposity (visceral adipose tissue area, WHR, and/or WC), how it was defined, and
whether it was reported as a continuous or categorical variable, along with categories
(binary divided as median or normal and abnormal, tertiles, quartiles, and reference
category), evaluation of doseresponse relationship; (3) primary outcome reported: EE, BE,
and/or EAC; and (4) analysis: OR and 95% Cls with and without adjustment for
confounding factors, as well as ORs reported after adjustment for BMI and after adjustment
for presence of GERD symptoms in each individual study. In addition, for each included
study, if the relation between BMI (as a surrogate for overall obesity) and abdominal
subcutaneous adipose tissue area (cm?) (measured on CT) and esophageal outcomes was
reported as OR, these data were abstracted in the same fashion as above. Conflicts in data
abstraction were resolved by consensus, referring back to the original article and in
consultation with the principal investigator (P.G.l.). Data on the following confounding risk
factors for relevant esophageal outcomes were also abstracted from each study: age, sex,
race, BMI, smoking status, alcohol consumption, GERD symptoms, use of proton pump
inhibitors or histamine receptor antagonists, presence of hiatal hernia, family history of
EAC, caffeine intake, Helicobacter pylori infection, use of putative chemopreventive agents
(aspirin, nonsteroidal anti-inflammatory drugs, statins), and for studies reporting EAC as
outcome, presence, length, and histology of BE.

Exposure and Outcome Assessment

The primary analysis focused on assessing the relationship between central adiposity and
each esophageal disease outcome: EE, BE, or EAC. When multiple measures of central
adiposity were reported in the same study, preference was given to OR reported for central
adiposity measured by using visceral adipose tissue area, followed by WHR (or waistthigh
ratio) and last to WC. When exposure was reported in tertiles or quartiles, the comparison
was performed between the highest quartiles and the lowest quartiles (or referent category)
for the primary analysis. When results were reported as mean and standard deviations in
cases and controls, we transformed this into a binary OR (comparing values above the mean
to the referent category that was below the mean) using the Chinn equation (details in
Supplementary Material).1® The referent groups for all these outcomes were patients in the
lowest category of body habitus (usually normal body habitus).
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In addition, to explore the presence of a BMI-independent effect of central adiposity on EE,
BE, and EAC, we performed subgroup analysis of studies that provided OR after adjustment
for BMI. Likewise, to explore a GERD-independent effect of central adiposity on BE and
EAC, we performed subgroup analysis of studies that adjusted for GERD symptoms or
studied only patients with GERD. Anticipating potential heterogeneity in the direction and
magnitude of effect among the studies, we performed pre-planned subgroup analyses on
study-related variables to explore sources of heterogeneity.

Statistical Analysis

Results

We used the random-effects model described by DerSimonian and Laird2° to calculate meta-
analytic OR and 95% CI for each outcome. Adjusted ORs (aORs) (for case-control and
cross-sectional studies) or RRs (for cohort studies) reported in studies were used for
analyses to account for confounding variables. We assessed heterogeneity between study-
specific estimates by using 2 methods.2122 First, the Cochran Q test, which tests the null
hypothesis that all studies in a metaanalysis have the same underlying magnitude of effect,
was measured. Because this test is underpowered to detect moderate degrees of
heterogeneity,23 a P value <.10 was considered suggestive of significant heterogeneity.
Second, to estimate the proportion of total variation across studies related to heterogeneity
rather than chance, the 12 statistic was calculated. In this, values of <30%, 30%-60%, 60%—
75%, and >75% were suggestive of low, moderate, substantial, and considerable
heterogeneity, respectively.?1:24 Between-study sources of heterogeneity were investigated
by using subgroup analyses by stratifying original estimates according to study
characteristics, with P < .05 for differences between subgroups (Pinteraction) Peing
considered statistically significant. Publication bias was assessed quantitatively by using
Egger regression test (publication bias considered present if P < .10)%° and qualitatively by
visual inspection of funnel plots.2® All P values were two-tailed. For all tests (except for
heterogeneity and publication bias), a probability level <.05 was considered statistically
significant. All calculations and graphs were performed using Comprehensive Meta-
Analysis version 2 (Biostat, Englewood, NJ).

From a total of 260 unique studies identified using our search strategy, 40 relevant studies
(37 independent populations) were identified. Of these, 19 studies (18 independent
populations) reported the association between central adiposity and EE,12:14.27-43 17 studies
(15 independent populations) reported the association between central adiposity and
BE,%-11.1316,35,44-54 3 6 studies reported the association between central adiposity and
EAC.1355-59 | ee et al33:34 reported the relationship between central adiposity and EE by
using both WHR and CT-measured visceral adipose tissue area (in a subset of patients).
Likewise, for one independent population, relation between CT assessment of central
adiposity and BE was performed in a subset of patients who underwent anthropometry and
was reported in separate studies.>3>4 One group reported the association between central
adiposity and EE and BE in a single study.35 Corley et al®®® used 2 separate Kaiser
Permanente health checkup cohorts to study the association between central adiposity and
BE and EAC. Likewise, the FINBAR study group reported the association between central
adiposity and EE, BE, and EAC in 2 separate articles.13:36 Two sets of studies from western
Washington10.60 and Kaiser Permanente population®81 were from overlapping populations,
and hence only one from each of these was included.®10

Characteristics and Quality Assessment of Included Studies

Of the 40 studies, 18 were performed in the Asian population (including 17 studies on risk
of EE)12:14,27-34,37-43 and the remainder in the Western population. Eight studies used
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visceral adipose tissue area as measure of central adiposity (4 each in patients with
EE12.28,29.34 ynd BE16:44.46.53) 23 studies used WHR (7 studies on EE,30:34-37,39.40 17
studies on BE,%-11:13.3548-52,54 3n( 5 studies on EAC13:56-59) The characteristics of the
included studies for each outcome are shown in Tables 1-3. The overall quality of the
included studies was moderate. Supplementary Tables 1, 2, and 3 report details of the
quality assessment of included studies.

Erosive Esophagitis

Meta-analysis of 18 independent studies revealed a significantly higher risk of EE with
increased central adiposity (highest category of central adiposity) (aOR, 1.87; 95% CI, 1.51-
2.31) and with highest category of BMI (aOR, 1.59; 95% ClI, 1.33-1.89), compared with
lowest category of body habitus and BMI, respectively (Figure 2A). In an analysis restricted
to 8 studies that adjusted for overall obesity (BMI),12:14.27.28,30,32,33.37.41 thg effect of
central adiposity on increased risk of EE persisted (aOR, 1.93; 95% Cl, 1.38-2.71). In
subgroup analyses, results were stable across study designs, location, and population type, as
well as across different measures of central adiposity (Table 4). Each individual measure of
central adiposity had an independent significant effect on risk of EE; the association was not
significant for subcutaneous adipose tissue area (n = 4 studies; aOR, 1.25; 95% ClI, 0.94—
1.67). Significant heterogeneity was observed in the overall analysis (Cochran Q, P < .01, 12
= 89%), which was primarily seen in the magnitude of effect and not in the direction of
effect and was partly explained by study setting (hospital-based studies reporting higher
estimates than population-based studies; P value for difference between groups < .01) (Table
4).

A trend toward dose-response relationship was observed, with higher levels of central
adiposity associated with higher risk of EE (Table 4). Further subgroup analysis that was
based on presence or absence of GERD symptoms and genderspecific impact of central
adiposity on risk of EE was not possible on the basis of available information. To assess
whether any one study had a dominant effect on the metaanalytic OR for risk of EE, each
study was excluded, and its effect on the main summary estimate was evaluated. No study
dominantly affected the summary estimate or P value for heterogeneity. Inclusion of 2
additional studies published only in the abstract form did not significantly alter the
association between central adiposity and EE (aOR, 1.88; 95% Cl, 1.54-2.31).62.63

Barrett’'s Esophagus

Meta-analysis of 15 independent studies revealed a significantly higher risk of BE with
increasing central adiposity (aOR, 1.98; 95% Cl, 1.52-2.57), as compared with lowest
category of central adiposity. BMI was associated with a borderline significant risk of BE
(aOR, 1.24; 95% CI, 1.02-1.52) (Figure 2B). Restricting analysis to studies that adjusted for
BMI, the independent effect of central adiposity on increased risk of BE persisted (n =5
studies; aOR, 1.88; 95% ClI, 1.20-2.95).913.16:45.52 The results were stable across different
measures of central adiposity (visceral adipose tissue area vs WHR vs WC) (Table 5); on the
other hand, the association between subcutaneous adipose tissue area and BE was not
significant (n = 4 studies; aOR, 1.38; 95% CI, 0.96-1.99). A trend toward dose-response
relationship was apparent. The relation between central adiposity was stronger for long-
segment BE as compared with shortsegment BE, which was based on pooled analysis of 5
studies.910.16:47.53 Sjgnificant heterogeneity was observed in the overall analysis (Cochran
Q, P < .01, 12 = 66%), which was primarily seen in the magnitude of effect and not in the
direction of effect. This was explained by differences in study design (case-control vs
cohort, aOR: 2.22 vs 1.27; P value for difference between groups = .05) and method of
exposure ascertainment (measured vs selfreported, aOR: 2.08 vs 1.20; P value for difference
between groups = .03) (Table 5). No single study markedly affected the overall summary
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estimate or P value for heterogeneity. There was insufficient information to perform a
pooled analysis of effect of central adiposity and risk of dysplasia in patients with BE.

Reflux-independent Effect of Central Adiposity on Barrett’s Esophagus

When we restricted analysis to studies that used patients with GERD as
controls®11:3545-47.51 o that adjusted for GERD symptoms,13:50:52.53 the effect of central
adiposity on risk of BE persisted (11 studies; aOR, 2.04; 95% CI, 1.44-2.90), whereas no
relation was seen between overall obesity and risk of BE (10 studies; aOR, 1.15; 95% ClI,
0.89-1.47). Similarly, restricting analysis to studies that compared central adiposity in
patients with BE with those with GERD (symptoms and/or endoscopic evidence of EE) but
without BE showed that central adiposity was associated with increased risk of BE (7
studies; aOR, 2.51; 95% ClI, 1.48-4.25); this effect was again not significant for BMI (7
studies; aOR, 1.23; 95% CI, 0.90-1.66). These results suggest that central adiposity, rather
than overall obesity, may have a GERD symptom-independent effect on development of
esophageal metaplasia.

Esophageal Adenocarcinoma

Of the 6 studies that reported the association between central adiposity and EAC, in 2
studies, 1355 central adiposity was measured at time of EAC diagnosis, whereas in the other
4 studies, it was measured at least 5 years preceding the diagnosis of EAC. In 1 of the 2
studies,>® the average weight loss since EAC diagnosis was only 1.4%; hence, adiposity
assessment was believed to closely reflect pre-diagnosis adiposity; such information on post-
diagnosis weight loss was not available for the other study, and it was excluded from further
analysis.13

Meta-analysis of these studies revealed a significantly higher risk of EAC with central
adiposity (aOR, 2.51; 95% ClI, 1.56-4.04) than lowest category of central adiposity (normal
body habitus), with substantial heterogeneity (CochranQtest, P = .03, 12 = 62%) (Figure 2C).
This relationship was also observed for high BMI and risk of EAC (n = 5 studies; aOR, 2.45;
95% ClI, 1.84-3.28). Including one study published only in the abstract form did not alter the
relationship between central adiposity and EAC risk (aOR, 2.14; 95% Cl, 1.34-3.42).64
Because of the small number of studies, subgroup analysis to understand BMI-independent
and GERD-independent effect was not conducted. Data were insufficient to evaluate a dose-
response relationship between central adiposity and risk of EAC.

Publication Bias

There was no evidence of significant publication bias observed in the analysis on risk of EE
or EAC, both qualitatively by visual inspection of the funnel plot or quantitatively by using
the Egger regression test (P value for EE = .72 and for EAC = .67). However, on analysis of
the risk of BE with central adiposity, a significant publication bias was observed on visual
inspection of the funnel plot (Supplementary Figure 1), as well as with the Egger test (P =.
02). Therefore, we performed a sensitivity analysis by using the trim-and-fill method, which
conservatively imputes hypothetical negative unpublished studies to mirror the positive
studies that cause funnel plot asymmetry.8° The pooled analysis incorporating the
hypothetical studies continued to show a statistically significant association between central
adiposity and risk of BE (aOR, 1.64; 95% ClI, 1.22-2.21).

Discussion

Multiple previous observational studies as well as metaanalyses have noted a strong
association between obesity and GERD, BE, and EAC.1® In this meta-analysis, we make
several key observations. First, we reaffirmed the importance of central adiposity as a key
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factor in the pathogenesis of EE, BE, and EAC, with consistent results across multiple
studies by using multiple different measures of central adiposity (CT assessment of visceral
fat [but not subcutaneous fat], measured WHR and WC) and after adjustment for multiple
confounders. Second, we observed that central adiposity may have a BMI-independent
effect on the risk of EE and BE, further validating the importance of visceral abdominal fat
in the pathogenesis of esophageal inflammation and metaplasia. Third, we observed that
central adiposity, and not overall obesity, has a GERD-independent effect on the risk of BE.
There was insufficient information to assess BMlindependent and GERD-independent effect
of central adiposity on EAC. We also observed a trend toward a dose-response relationship
between the degree of central adiposity and the risk of EE and BE, further strengthening the
possibility of a causative association.

Body fat distribution is thought to play a key role in the pathogenesis of EE, BE, and EAC.
Increasing abdominal girth, which is a surrogate for abdominal or visceral fat distribution,
can mechanically disrupt the integrity of the gastroesophageal junction barrier and lead to
increased esophageal reflux.5:66 Besides direct reflux-induced chronic esophagitis and
metaplasia, metabolically active visceral fat may exert systemic as well as paracrine,
proinflammatory effects that promote, independently or synergistically, esophageal
metaplasia and carcinogenesis.5” These effects may be mediated through proinflammatory
cytokines such as tumor necrosis factor-a, interleukin-6,58 and adipokines such as
adiponectin11:20 and leptin69.70 released by visceral fat. An adipocytokine-mediated
carcinogenic effect of increased visceral fat is also seen with other gastrointestinal
malignancies (colon’! and pancreas’2). A potential paracrine effect of visceral fat is evident
by increased gastroesophageal junction fat area in patients with BE with associated
esophagitis and dysplasia, independent of BMI.16 In addition to chronic systemic
inflammation, visceral fat also is associated with insulin resistance, and recent studies
support the role of the insulin—insulin growth factor-1 axis in promoting esophageal
neoplasia.>1:73.74 Recent studies have also suggested a higher risk of progression of
dysplasia in patients with BE with higher level of central adiposity.16:7> Differential effect
of body fat distribution on risk of EAC may also explain the significant sex difference
observed in incidence of EAC.#68 The abdominal fat-predominant apple-shaped body
habitus in men versus the predominantly hip and thigh, pear-shaped distribution of fat seen
in women may explain the male predominance in the risk of esophageal metaplasia and
neoplasia. This gender effect of body fat distribution on risk of EAC could unfortunately not
be studied independently in this meta-analysis.

Our review suggests that central adiposity may be associated with BE, independent of
GERD. On analysis restricted to studies that accounted for GERD, we observed that the
association of central adiposity with BE risk persisted (11 studies; aOR, 2.04; 95% CI, 1.44—
2.90), whereas no relation was seen between overall obesity and risk of BE (10 studies;
aOR, 1.15; 95% ClI, 0.89-1.47). However, the included studies were based on reflux
symptoms. It is possible that reflux may still be present in the absence of classical
symptoms. Reflux symptoms may be underestimated in patients with EE and particularly
BE; we could not be sure the level of reflux injury was similar in these groups. Studies that
quantify acid and nonacid reflux are required to further examine the mechanism of obesity-
related BE.

The strengths of this analysis include (1) assessment of the association between central
adiposity along the spectrum of esophageal inflammation, metaplasia and neoplasia; (2)
incorporating the effect of multiple different measures of central adiposity, both collectively
and independently, and assessment of a dose-response relationship between central adiposity
and esophageal outcomes; (3) subgroup analyses that allowed assessment of BMI-
independent and GERD-independent effects of central adiposity; (4) inclusion of all
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available studies and not restricting analysis on the basis of study design, publication type,
or language, and hence being at low risk for selection or publication bias; (5) performance of
analyses of maximally adjusted risk estimates reported in the studies to account for the
effect of potential confounders; and (6) multiple subgroup analyses to ensure stability of the
association and identify potential factors responsible for heterogeneity. Our results are
similar to those observed in a recent pooled analysis of 4 studies that showed that WC, and
not BMI, was associated with increased risk of BE in both men and women, with a dose-
response relationship.’®

There were several limitations in our analysis that merit further discussion. First, significant
heterogeneity was observed in the overall analysis. However, this heterogeneity was seen
primarily in the strength of the association between central adiposity and esophageal
outcomes and not in the direction of association. The heterogeneity could be explained by
differences in study design, setting, method of exposure ascertainment, and/or differences in
reporting central adiposity, as demonstrated through subgroup analyses. Such significant
heterogeneity has also been observed in previous meta-analyses assessing the risk of obesity
and adverse esophageal diseases.?3 Second, there was variable adjustment for confounding
variables in these studies, especially the effect of BMI and/or GERD. By using prespecified
subgroup analysis, however, we were able to estimate the effects of central adiposity after
accounting for these key variables. We could not exclude confounding by unmeasured
exposures or incomplete control of confounding from measured factors such as diet.
Sufficient information was not available to perform subgroup analysis that was based on
race. In addition, there was limited information to perform subgroup analysis for EAC.
Third, case-control and cross-sectional study designs cannot establish cause and effect. In
particular, a temporal association between exposure (central adiposity) and outcome (EE and
BE) is not possible to establish, because in most studies, adiposity was assessed at the time
of outcome assessment. This is most relevant when studying EAC because cancer can
induce weight loss and modify the relation between obesity and cancer through reverse
causality. In our analysis, most studies on EAC were cohort studies, and for the one study in
which central adiposity was assessed at time of outcome, the extent of cancer-induced
weight loss was minimal. Last, a statistically significant publication bias was observed in
analysis of central adiposity and risk of BE. However, because of the strong evidence in
favor of biological plausibility, the strength of association observed with a potential dose-
response relationship, by using multiple different measures of central adiposity, the clinical
significance of this publication bias is probably low.

In conclusion, central adiposity has a strong and consistent association with development of
esophageal inflammation, metaplasia and neoplasia, independent of BMI. In addition,
central adiposity may be more highly associated with a refluxindependent effect on the
development of BE and perhaps explains the predominance of EAC in this population.
Future studies aimed at understanding the mechanistic effect of obesity on esophageal
inflammation and neoplasia should focus on visceral fat rather than overall obesity. The
effect of interventions aimed at favorably modifying body fat distribution on the risk of BE
and EAC should be studied.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Flowchart showing study identification and selection process.
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Figure 2.
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Central adiposity, overall obesity (BMI), and risk of (A) EE, (B) BE, and (C) EAC. This
represents the overall pooled OR by combining categorical OR (for highest category,
compared with lowest referent category) with estimated OR from continuous variables.
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