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CLINICAL REVIEWS

Body Mass Index and Gastroesophageal Reflux Disease:
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1Kaiser Permanente, Northern California, Division of Research, Oakland, California; 2 Division of
Gastroenterology, University of California, San Francisco; 3 Mailman School of Public Health,
Columbia University, New York, New York

BACKGROUND: Gastroesophageal reflux disease (GERD) is a common cause of morbidity and health-care utilization
in many countries. Obesity is a potentially modifiable risk factor, but existing studies have conflicting
results, possibly due to differences in study design, definitions, or populations.

METHODS: We performed a systematic review and meta-analysis of studies identified using MEDLINE, the Web
of Science electronic database, manual literature review, and a review of expert bibliographies.
Studies were included if they: (1) evaluated obesity, body mass index (BMI), or another measure of
body size; (2) included data on reflux symptoms, esophagitis, or a GERD-related hospitalization; and
(3) reported a relative risk or odds ratio (OR) with confidence intervals or provided sufficient data to
permit their calculation.

RESULTS: We identified 20 studies that included 18,346 patients with GERD. Studies from the United States
demonstrated an association between increasing BMI and the presence of GERD (95% confidence in-
terval [CI] = 1.36–1.80, overweight, OR = 1.57, P value homogeneity = 0.51, 95% CI = 1.89–2.45,
obese, OR = 2.15, P = 0.10). Studies from Europe provided heterogeneous results despite
stratification for several factors; individual studies demonstrated both positive associations and no
association.

CONCLUSIONS: This analysis demonstrates a positive association between increasing BMI and the presence of
GERD within the United States; this relationship became apparent only after stratification by country
and level of BMI. These results support the evaluation of weight reduction as a potential therapy for
GERD. Further studies are needed to evaluate potential mechanisms and any differences in this
relationship among different study populations.

(Am J Gastroenterol 2006;108:2619–2628)

INTRODUCTION

Gastroesophageal reflux disease (GERD), the presence of
symptoms or mucosal damage from gastroesophageal reflux,
is a common, morbid, and costly medical condition in many
countries (1). The prevalence of at least weekly heartburn or
acid regurgitation ranges between 10–20% in Western coun-
tries, GERD treatments are costly (2–4), and GERD is asso-
ciated with substantial morbidity, including esophageal ade-
nocarcinoma (3, 5, 6–14). The identification of modifiable
risk factors for GERD could potentially have a substantial
public health impact. One potential major risk factor is obe-
sity, the prevalence of which has increased markedly in recent
decades (15).

Obesity is a postulated risk factor for GERD, although
individual studies have conflicting results (16–27). Some
studies suggest that an increased body mass index (BMI)
is associated with increased esophageal acid exposure (28)
and with an increased risk of hospitalization for esophagitis
(29). In contrast, other studies, including one of the largest

population-based studies to date, have found no association
between BMI and GERD (30–33). Potential explanations for
the disparate results include a true lack of an association be-
tween BMI and GERD, differences in definitions or method-
ology, dissimilar study populations, or a lack of power to
detect an effect in some studies.

We evaluated the relationship between BMI and GERD
using a systematic review and statistical synthesis; these
methods can be valuable tools for the investigation of disease
associations. Data pooling can help evaluate the influence
of different study definitions, study designs, or study popula-
tions on the exposure-disease association. It can also help ex-
plore associations that individual studies may lack the power
to investigate such as the influence of gender, levels of BMI, or
the presence of confounding factors on disease risk. We thus
performed an analysis of observational studies for the associ-
ation between BMI and GERD with an emphasis on the eval-
uation of differences in study definitions, study design, and
study populations and the creation of more standardized exp-
osure definitions to better compare results among studies.
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Methods

Search Strategy
We performed a systematic search for published manuscripts
and abstracts that evaluated the association between BMI
and GERD-related symptoms or complications. First, we
searched MEDLINE (using PubMed, an electronic search
engine for published manuscripts) for the years 1966 to June,
2005. Medical subject headings (MeSH) or keywords used for
the Medline search utilized the following strategy: ([GERD]
OR [gastroesophageal reflux disease] OR [esophagitis]) com-
bined with ([body mass index] OR [BMI] OR [obesity]).
Second, we searched the ISI Web of Science, an interna-
tional electronic database that includes manuscripts from
8,700 journals and abstracts of meetings from several pro-
fessional societies (34). Search terms for the Web of Science
search were similar to those for MEDLINE. Third, we manu-
ally searched the bibliographies of retrieved articles. Fourth,
we manually searched expert opinion review articles and ex-
amined bibliographies from subject experts.

Study Selection
Studies were included if they met all the following inclusion
criteria: evaluated obesity (1), high BMI, or other measure
of body size; included data on reflux symptoms (2), the pres-
ence of esophagitis, or a GERD-related hospitalization; and
reported a relative risk or odds ratio (OR) with confidence
intervals or provided sufficient data to permit their calcula-
tion (3). The inclusion criteria were not otherwise restricted
by study size, publication type, or language of publication.

Data Abstraction
Data abstracted included: exposure measurement method
(self-report vs measured BMI vs diagnosis of “obesity”); ex-
posure definitions (e.g., BMI definitions of overweight or
obese); outcome definitions (GERD diagnosis, GERD hos-
pitalization, GERD symptoms, or other measures of GERD
such as endoscopy); total number of persons or person years
in each comparison group; odds ratios or risk ratios with
and without adjustment for potential confounders; potential
confounders used for adjustment; study design (cohort vs
case control); and the source of the study population. Two
investigators (AK and DAC) independently abstracted the
primary outcome and exposure data; discordant results were
resolved by consensus. Data reporting conforms to the Meta-
Analysis of Observational Studies in Epidemiology Study
Group guidelines (35).

Exposure Definition
We defined body mass categories using the following BMI
categories (BMI = weight [in kilograms]/height [in me-
ters]2): “normal” (BMI between 18.5 and 25), “overweight”
(BMI between 25 and 28), and “obese” (BMI ≥28); these
groupings represented the divisions or quartiles most fre-
quently reported in the manuscripts and they differ somewhat
from BMI categories in common use (overweight, BMI 25–

29.9; obese, BMI ≥30) (36). We also created a category that
included both overweight and obese (BMI ≥25). For each
study, we selected the BMI classification that most closely
approximated each of these categories. We included more
than one estimate from some studies (e.g., if a study reported
an odds ratio for persons with a BMI 25–28 and an odds
ratio for persons with a BMI ≥28, both odds ratios were in-
cluded in the summary estimate for a BMI ≥25). Some stud-
ies provided the mean BMI and standard deviation, or the
odds ratio per unit BMI, instead of explicit BMI categories
(e.g., a BMI category of 25–28) (20, 33). For these studies,
we grouped the population into categories of BMI from the
data provided; these calculations assumed that the BMI was
normally distributed in the population. We then compared the
risk of GERD among the BMI categories.

We utilized estimates adjusted for potential confounders
whenever they were available; if no adjusted estimates were
provided, unadjusted estimates were utilized or calculated
from the data.

Outcome Definition
An outcome was defined as any of the following events: the
presence of GERD symptoms (either clinician reported, self-
reported, or measured by a questionnaire), the documentation
of a GERD-related diagnosis such as esophagitis, or the de-
velopment of a GERD-related hospitalization.

Statistical Analysis
All analyses used the STATA statistical package using the
meta, metainf, and metabias commands (version 8, STATA
Corporation, College Station, Texas). Summary OR esti-
mates were calculated using either relative risks (for cohort
studies) or odds ratios (for case-control studies). We assumed
that an odds ratio was a valid approximation of the risk ratio.

Summary OR estimates were calculated based on the as-
sumption of fixed effects and heterogeneity was tested using
the Mantel-Haenszel method (37). We also evaluated for het-
erogeneity by comparing the results between the fixed effects
model and a random effects model (37). As statistical tests
for heterogeneity lack substantial power, heterogeneity was
considered present if P ≤ 0.1 (rather than P < 0.05) or if there
was a greater than 20% difference in the summary estimates
between the fixed effects and random effects models. If these
tests suggested heterogeneity, we explored potential causes
(see below) (37–40).

Qualitative Assessment/Assessment of Heterogeneity
The use of quality scoring in meta-analyses is controversial.
Numerous criteria have been suggested for evaluating study
quality; however, different scoring systems may yield sub-
stantially different results, raising concerns about validity
(38, 41, 42). The adequacy of randomization and blinded al-
location to study groups have been demonstrated to influence
study outcome in randomized trials, but little information is
available for observational studies (43–46).
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Potentially relevant studies identified
and screened for retrieval (N = 376)

Studies included in final meta-
analysis (N = 20)

Studies retrieved for more detailed
evaluation (N = 30)

Studies excluded (N = 346):  animal
experiments, review articles, case series

without control groups, duplicate publications

Studies excluded after abstraction:  BMI
categories incompatible with standard

ranges (1), no evaluable measure of body
mass (1), lack of evaluable risk estimates

(3), incompatible outcome definition (1), no
non-GERD control group (4)

Figure 1. Flow diagram.

We assessed study quality and potential heterogeneity us-
ing several methods and evaluated the consistency of our
results by performing sensitivity analyses. First, we assessed
the statistical heterogeneity among trials for the primary sum-
mary estimates (see above). Second, to exclude an excessive
influence of any single study, we evaluated whether exclu-
sion of any single study substantially altered the magnitude
or heterogeneity of the summary estimate, compared with the
summary estimate containing all the studies. Third, because
different study designs and populations may incorporate dif-
ferent biases or study quality, we stratified analyses by several
factors (43–49).

Stratifying factors were established a priori (i.e., prior
to data analysis) and included: level of BMI (see ex-
posure definitions), gender, study design (case-control vs
cross-sectional), type of study population (hospital-based vs
population-based), source of study population (country of
origin), and adjustment for confounders. Studies not provid-
ing data for the stratifying factor of interest were excluded
from any given analysis (e.g., studies not reporting gender-
specific data were excluded from summary estimates strati-
fied by gender).

The presence of bias (including publication bias) was as-
sessed using quantitative and qualitative methods. First, we
calculated a correlation coefficient between the effect esti-
mates and their variances (a surrogate for sample size); pub-
lication bias was considered present if P ≤ 0.1 (50). Second,
we evaluated for unusual publication patterns by qualitatively
assessing funnel plots of the odds ratios versus their standard
errors (37). Both of these methods evaluate whether there
is an association between the size of the study and its final
outcome. Publication bias is considered present when there
is a disproportionate number of small studies with “positive”
results; this suggests that smaller “negative” studies exist, but
were not published (37).

RESULTS

Electronic and manual searching identified a total of 376 pub-
lished manuscripts and meeting abstracts (Tables 1 and 2,
Fig. 1). A manual review of the titles and abstracts provided
30 publications and one abstract that appeared to meet the
initial inclusion criteria. The excluded studies consisted of
review articles, animal experiments, case series that lacked
appropriate comparison groups, studies that did not report
on the subject of interest, or duplicate publications of the
same study population. If more than one publication existed
for the same population, we used the most recent or most
relevant paper. These 30 studies underwent a complete data
abstraction; ten additional studies were excluded after data
abstraction for the following reasons: BMI categories that
were incompatible with the proposed reference ranges (51),
incompatible units to measure adiposity (25), lack of evalu-
able risk estimates within the proposed categories (52–54),
incompatible outcome definition (use of several types of be-
nign esophageal disease rather than only GERD) (55), or the
lack of an appropriate comparison group (no control sub-
jects without GERD symptoms) (4, 56–58). The remaining
20 studies, which included 18,346 patients with GERD, were
included in the primary analyses (Tables 1 and 2) (16–24, 26,
27, 29–33, 59–62).

Summary Results
The summary estimates (pooling all studies) for the asso-
ciation between an increased BMI (≥25) and GERD were
heterogeneous (Table 3, Fig. 2). The presence of heterogene-
ity suggests that the study results differed by more than ran-
dom chance; this finding implies differences in study design,
population, or other factors and makes a single summary es-
timate less meaningful as it does not represent a true combi-
nation of similar studies. None of the individual estimates
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Table 3. Meta-Analysis Results for BMI-GERD Associations, Men and Women

BMI Category (vs P Value for Number of
Normal Weight) OR (95% CI) Homogeneity Studies

Overall
Both genders Overweight 1.49 (1.43–1.55) <0.01 16

Obese 2.16 (2.05–2.28) <0.01 18
Overweight + obese 1.66 (1.61–1.71) <0.01 20

U.S. study only
Both genders Overweight 1.57 (1.36–1.80) 0.51 6

Obese 2.15 (1.89–2.45) 0.10 7
Overweight + obese 1.85 (1.68–2.03) 0.01 7

European study only
Both genders Overweight 1.49 (1.43–1.55) <0.01 8

Obese 2.21 (2.08–2.35) <0.01 8
Overweight + obese 1.69 (1.63–1.75) <0.01 8

See Table 2 and the “Methods” section for category definitions.

demonstrated a negative association, but several demon-
strated no association.

U.S. Studies
Stratification by country of origin and BMI categories pro-
vided homogeneous results for the seven studies from the
United States (Table 3, Figs. 3 and 4) and demonstrated an
association between BMI and GERD. The strength of the
association increased with increasing BMI categories (95%
confidence intervals [CI] = 1.36–1.80, overweight [OR] =
1.57, P value for homogeneity = 0.51; 95% CI = 1.89–2.45,
obese OR = 2.15, P = 0.10).

European Studies
The results of studies from Europe were heterogeneous (95%
CI = 1.63–1.75, overweight + obese OR = 1.69, P value

Figure 2. GERD versus high BMI (overweight + obese): Individual study estimates (all studies). No summary estimate is reported given
heterogeneity. (1) overweight (male + female), (2) obese (male + female), (3) BMI >25 males, (4) BMI >25 females, (5) overweight males,
(6) obese males, (7) overweight females, (8) obese females, (9) BMI >35 males (10) BMI >35 females.

for homogeneity <0.01) (Table 3, Fig. 2); a qualitative anal-
ysis demonstrated studies with positive associations and no
association, but no study had a negative association.

Evaluation of Heterogeneity and Sensitivity Analyses
Heterogeneity was evaluated by using a statistical test for
homogeneity (37). There were no substantial differences be-
tween the fixed and random effects models for any estimate.
Stratification of the European studies using the following fac-
tors did not adequately resolve the heterogeneity of the main
summary estimates within the strata: level of BMI (Table 3);
study design (case control [ 95% CI = 1.72–1.89, overweight
+ obese OR = 1.80, P value for homogeneity <0.01] vs
[ cross-sectional 95% CI =1.49–1.65, overweight + obese
OR=1.57, P <0.01]); or the inclusion only of studies that ad-
justed for potential confounders. Only three studies reported
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Figure 3. GERD versus overweight (BMI 25–28, see methods), U.S. studies, males and females. Shaded box sizes reflect the relative
statistical weights each study contributed to the summary estimate.

gender-specific effect estimates (24, 31, 60); stratification by
gender using these studies suggested a potentially stronger as-
sociation in females (95% CI 2.57–3.14, overweight + obese
OR 2.84, P value for homogeneity <0.01) than for males
(95% CI 1.79–2.14, overweight + obese OR 1.95, P < 0.01).
Although the summary estimate for all these studies com-
bined was heterogeneous, each of these study’s individual re-
sults also suggested a similar stronger association in females
than in males (Fig. 2).

Figure 4. GERD versus obese (BMI >28, see methods), U.S. studies, males and females. Shaded box sizes reflect the relative statistical
weights each study contributed to the summary estimate.

We also assessed the influence of the method for outcome
measurement (e.g., self-reported GERD symptoms using an
interview or questionnaire vs clinical GERD diagnosis) on
the BMI-GERD association (Table 2). The strength of the as-
sociation for the five European studies using a self-reported
GERD diagnosis (95% CI 1.84–2.00, overweight + obese OR
1.91, P value for homogeneity <0.01) was stronger than for
the three European studies using a clinical GERD diagnosis
(95% CI 1.22–1.38, overweight + obese OR 1.30, P value for
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homogeneity <0.08); however, the results were still hetero-
geneous within these strata, making these estimates difficult
to interpret.

Five studies were in populations outside the United States
or Europe (Table 1). An evaluation of a young Australian
cohort demonstrated a positive association between an in-
creased BMI and GERD symptoms (95% CI 1.40–2.48, OR
1.87;) (18). A large population-based questionnaire survey
in Xi’an, China demonstrated a similar association (95% CI
1.43–3.19, OR 2.15, (26); however, another Chinese study
showed no association (62). The Japanese study reported
a significant inverse association between BMI and GERD
among males (60).

Lastly, we evaluated the possibility that a single, dominant
study influenced the main results by systematically excluding
each study and evaluating its influence on the main summary
estimates for all the studies together and for the countries
stratified by geographic location; no study markedly influ-
enced the magnitude or significance of the summary estimate
or the degree of heterogeneity for either the United States or
the European studies.

Publication Bias
The rank correlation test did not suggest the presence of pub-
lication bias for the main summary estimates for either the
U.S. (P = 0.90) or the European (P = 0.96) studies. A review
of funnel plots also did not demonstrate patterns strongly
suggestive of publication bias.

DISCUSSION

An evaluation of all studies did not demonstrate a consis-
tent association between GERD and elevated BMI; however,
stratification by level of BMI and country of origin suggested
there is a moderate positive association between elevated BMI
and GERD within studies from the United States and that the
prevalence of GERD rises with increasing BMI.

These results extend the findings of existing studies by
helping to identify factors responsible for the disparate re-
sults between current studies: differences based on BMI cat-
egories and the location of the study population. A recent
meta-analysis of BMI and GERD complications found het-
erogeneous results and it was not able to identify strata with
homogeneous results (63). This may have been due to their
methods of stratification, the utilization of estimates with
markedly different measures of BMI association (e.g., risk
per unit BMI not converted to other measures), the absence
of several studies included in the current analysis, and the
inclusion of studies that lacked a non-GERD comparison
group. In contrast, in the current study, stratification by coun-
try of origin demonstrated that the U.S. studies demonstrated
a homogeneous increase in GERD prevalence with increasing
BMI, after the creation of more comparable categories of BMI
between the studies. The overall qualitative assessment indi-
cated there may also be a positive association between BMI

and GERD within the European studies, but this is less clear:
many of the individual European estimates have positive as-
sociations although several also had no association, including
a large population-based study (30). It is unclear why there
was a difference between the studies from the United States
and those from Europe. The average BMI is higher in the
United States (64), but our analysis created BMI categories
that would be expected to make comparisons more similar.
The residual heterogeneity for the European studies suggests
that there were persistent differences in the study designs,
measurements, or populations that were not captured in the
abstracted data. One potential explanation is that the inter-
pretation of the BMI may differ in different populations. The
BMI calculation implies a certain relationship between height
and weight such that a regression of a function of weight on
height produces a similar slope across populations; however,
this relationship differs between different countries, between
genders, and by age, even in genetically similar populations
in different locales (65, 66). In part, this may be due to dif-
ferences in body composition between groups.

The biological mechanism between any potential BMI-
GERD associations is unknown. Abdominal obesity has been
hypothesized to cause reflux through an increase in ab-
dominal pressure (67); however, we could not identify any
published studies that clearly demonstrated an association
between body fat distribution and GERD. Alternative mech-
anisms might include an association between body fat and
metabolically active compounds (68); it is possible that such
compounds might alter the lower esophageal sphincter pres-
sure or impact esophageal clearance of refluxate, although
minimal data exist.

Strengths of this analysis include the consistency of the
BMI-GERD association within the U.S. population despite
different patient populations and different study designs, its
ability to evaluate the effect of “dose” through the exami-
nation of different BMI categories, its ability to stratify by
study design, location, and source population, and its ability
to assess the influence of including only estimates adjusted
for potential confounders.

There are potential limitations of this analysis. First, only
observational studies are available; study results may be in-
fluenced by the presence of measured or unmeasured con-
founding factors. BMI is associated with lifestyle in general
and a high BMI may be a proxy for some other factors such
as diet or physical activity. Few studies controlled for such
lifestyle factors; however, analyses that stratified by adjust-
ment for confounders suggested no substantial differences
between summary estimates that included all the studies ver-
sus those that included only studies with adjusted estimates
(data not shown). Second, the exposure definitions (obese and
overweight) differed somewhat among the studies (Table 2).
We addressed this by creating more comparable categories
(e.g., BMI <25, ≥25, ≥28), although some residual clas-
sification differences may remain. Third, the design of the
cross-sectional studies and most of the case-control studies
could not definitively establish which came first, the exposure
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(high BMI) or the outcome (GERD). This lack of clear tem-
poral association impedes the ability to infer causation from
observational studies.

In summary, a systematic review and statistical synthesis of
observational studies suggest a positive association between
increasing BMI and the presence of GERD within the United
States and possibly within other countries as well. The het-
erogeneity of study results in Europe, including studies that
demonstrated no association, suggest that important differ-
ences in study populations or study design may influence the
investigation of the BMI-GERD association. Considering the
prevalence of both GERD and obesity, there is a paucity of
studies that evaluate the influence of gender, ethnicity, or age
on GERD; similarly, there are few data on potential mech-
anistic links between GERD and increased body mass. Fur-
ther studies are needed to evaluate if the relationship between
GERD and increased BMI is influenced by demographic vari-
ables and the body mass distribution.
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