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Abstract

AIM: To conduct a meta-analysis to estimate the deter-
minants of the association between erosive esophagitis
(EE) and body mass index (BMI).

METHODS: We identified the studies using PubMed.
Studies were selected for analysis based on certain in-
clusion and exclusion criteria. Data were extracted from
each study on the basis of predefined items. Meta-
analyses were performed to verify the risk factors, such
as obesity and gender.

RESULTS: Twenty-one studies were included in this
systematic review. These studies demonstrated an as-
sociation between increasing BMI and the presence
of EE [95% confidence interval (CI): 1.35-1.88, over-
weight, odds ratio (OR) = 1.60, P value homogeneity
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= 0.003, 95% CI: 1.65-2.55, obese, OR = 2.05, P <
0.01]. The heterogeneity disappeared by stratifying for
gender. No publication bias was observed in this meta-
analysis by the Egger method.

CONCLUSION: This analysis demonstrates a positive
association between BMI and the presence of EE, espe-
cially in males. The risk seems to progressively increase
with increasing weight.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The symptoms of gastroesophageal reflux disease (GERD)
are common health problems in industrialized societies. It
is a highly prevalent gastrointestinal disorder encountered
in clinical practice“’zj. Erosive esophagitis (EE) is one of
the most common forms of GERD. It occurs when exces-
sive reflux of acid and pepsin results in necrosis of surface
layers of the esophageal mucosa, thus causing erosions and
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ulcers”. The etiology of EE may be multifactorial. Esoph-
ageal mucosal resistance, gastroesophageal reflux, volume
and composition of the gastric contents, contact time for
the refluxed material, the degree of incompetence of the
intrinsic lower esophageal sphincter, and the presence of
a sliding hiatus hernia are likely important determinants'”.
It is a chronic disease that exhausts socioeconomic and
medical resources and its symptoms may lower the quality
of life of the patients. Additionally, patients with EE are
at increasing risk of developing Barrett’s esophagus and
esophageal adenocarcinoma'.

During the past several decades, obesity has emerged
as a major health concern in the Western world“. Sev-
eral studies have found an increased risk of esophagitis
in overweight patients' . Excess adiposity is a known
risk factor for morbidity, including several cancers'”.
Recently, a relationship between obesity and GERD
has been reportedm. One recent population-based case
control study reported a strong association between
body mass index (BMI) and esophagitis in females, but
not in males™”. Given these associations, it would seem
logical that increasing BMI is associated with EE. How-
evet, studies on the association between BMI and reflux
esophagitis have yielded inconsistent results ') though
a few have found a strong relationship between obesity
and EE""",

The aim of this study was to investigate the effect of
BMI on risk for EE by performing a meta-analysis of
all available literature published in PubMed up to April
2011. By performing a meta-analysis of the studies that
met our selection criteria, we hoped to better characterize
the association between increased BMI and EE.

MATERIALS AND METHODS

Search strategy

Two investigators independently performed a system-
atic search of all existing English-language literatures
published up to April 2011 using PubMed, an electronic
search engine for published manuscripts. Search terms
included “obesity”, “BMI”, “overweight” or “BMI”,
combined with “reflux or EE”. A total of 268 articles
were identified after the preliminary search was reviewed
in further details.

Study selection

Studies were included if they met all the following inclu-
sion criteria: (1) Cross-sectional, case control, or cohort
studies that permitted assessment of a causal relation-
ship between BMI and EE; (2) Studies with documented
and cleatly-defined BMI in kg/ m” for all participants; (3)
Studies that reported a relative risk or odds ratio (OR)
with confidence intervals or provided sufficient data to
permit their calculation; and (4) Studies with EE diag-
nosed by upper endoscopy. The inclusion criteria were
not otherwise restricted by study size or publication type.
The followings were chosen as the exclusion criteria: (1)
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Studies not limited to humans or not written in English;
(2) Studies that did not report risk estimates or raw data
to allow independent calculation of these estimates; and
(3) Case reports, case series or studies that lacked a con-
trol group.

Data abstraction

The abstracted data included information on the source
of the study population, study design (case control,
cohort, or cross-sectional), length of the study period,
primary aim of the study, exposure definitions (BMI
definitions of normal, overweight or obese), exposure
measurement method (self-reported »s measured BMI),
outcome definitions (diagnosis of EE with endoscopy),
total number of subjects with EE, case and control cri-
teria, ORs or risk ratios with and without adjustment for
potential confounders and potential confounders used
for adjustment.

Exposure definition
We defined body mass categories using the following
BMI [weight (in kilograms)/height (in meters)’]: “nor-
mal” (BMI between 18.5 and 25 kg/m?), “overweight”
(BMI between 25 and 28 kg/m?), and “obese” (BMI =
28 kg/ m’). These groupings represented the divisions or
quartiles most frequently reported in the literature even
though they differed somewhat from BMI categories in
common use (overweight, BMI 25-29.9 kg/m” obese,
BMI = 30 kg/mz)[m. We also created a category that
included both overweight and obese (BMI = 25 kg/ m’).
For each study, we selected the BMI classification that
most closely approximated each of these categories. We
included more than one estimate from the studies (e.g;,
if a study reported an OR for persons with a BMI 25-28
kg/m2 and an OR for persons with a BMI = 28 kg/mz,
both ORs were included in the summary estimate as
BMI = 25 kg/m*)"". We then compared the risk of EE
among the BMI categories.

We used estimates adjusted for potential confounders
whenever they were available; if no adjusted estimates
were provided, unadjusted estimates were used or calcu-

lated from the data"".

Outcome definition

An outcome was defined as EE diagnosed with endosco-
py. The severity of EE was graded from A to D accord-
ing to the LA classification” or modified Savary-Miller
classification (grade I, single or multiple non-confluent
erosions; grade II, confluent non-circumferential multi-
ple erosion; grade IIl, circumferential erosions; and grade
IV, ulcer and/or stricture)™”.

Statistical analysis

The BMI data were extracted from each study and ana-
lyzed with STATA 11.0 (StataCorp, College Station, TX,
United States, www.stata.com). Summary OR estimates
were calculated using either relative risks (for cohort stud-
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268 potential relevant articles were indentified
and screened for retrieval

237 studies were excluded after
reviewing the title and abstract

10 articles were excluded for the
following reason:
BMI categories incompatible with
standard ranges
Lack of evaluable risk estimates
Incompatible outcome definition

31 articles were
reviewed in the detail

21 articles met all inclusion and
exclusion criteria and were included
in the final review

Figure 1 Flow diagram. BMI: Body mass index.

ies) or OR (for case control studies). Summary OR esti-
mates were calculated based on the assumption of fixed
effects and heterogeneity was tested using the Mantel-
Haenszel method™. We evaluated heterogeneity by com-
paring the results between the fixed effects model and a
random effects model™. Heterogeneity among the stud-
ies was analyzed using ZZ test and considered present if P
< 0.05 or if there was more than a 20% difference in the
summary estimates between the two models. To enhance
the confidence of the results of the statistics when the
number of combined studies was deficient, we used the
I’ metric, which describes the proportion of variability
across studies that is due to score heterogeneity. If =
0, there is no heterogeneity. I’ > 50% is considered to be
indicative of heterogeneity. Larger values indicate greater
heterogeneity. If these tests indicated heterogeneity, we
explored possible causes” . Then, to exclude the exces-
sive influence of any single study, we assessed whether
exclusion of any single study substantially altered the
magnitude or heterogeneity of the summary estimate.
23U Funnel

was conducted to

We also stratified analyses by several factors
plots were produced and Egger’s test™
examine publication bias.

RESULTS

We identified 268 published articles or abstracts (Figure
1). After review of titles and abstracts, 31 articles ap-
peared to meet the initial inclusion criteria. The excluded
studies were review articles, animal experiments, case
series that lacked appropriate control groups and stud-
ies that did not report the subject of interest. These 31
studies underwent a complete data abstraction. Ten addi-
tional studies were excluded after data abstraction for the
following reasons: BMI categories that were inconsistent

[7,33-36]

with the proposed reference ranges , inconsistent

outcome deﬁnition[37], lack of propet control grOup[?’S],
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and lack of evaluable risk estimates within the proposed
categories”™ ",

The remaining 21 studies™™'***” (i.e., four cross-sec-
tional, three cohort, 14 case control studies) were included
in the primary analysis (Tables 1 and 2). Twelve studies
were conducted for the primary purpose of evaluating the
relationship between BMI and EE™*##525855750 - ooy
studies were conducted to identify the vatiety of risk fac-
tors for BE, including BMI®********l ‘304 one study de-
scribed the clinical characteristics of EE and non-erosive
reflux disease, including BMI™. In ‘Table 1, controls and
normal groups were composed of general population
and healthy volunteers. Eighteen studies were included in
Table 3 because of their stratification by gender.

The pooled OR of EE related to BMI of 25 kg/m’
ot higher was 1.64-fold greater than that of EE related
to BMI less than 25 kg/m” (OR, 1.64, 95% CI: 1.45-1.85,
test for homogeneity, P = 0.000, I’ = 65.7%) (Figure 2,
Table 3).

Stratification by gender and BMI category showed
a homogeneous positive association between increased
BMI and EE, and the strength of the association with in-
creased BMI (Table 3). The risk for overweight males (OR,
1.40, 95% CI: 1.11-1.75, P = 0.285) increased further for
obese males (OR, 1.75, 95% CI: 1.02-2.96, P = 0.099)
(Figure 3). The pooled OR in females and males for BMI
greater than 25 kg/m’ were 1.45 (95% CI: 1.26-1.66) and
1.52 (95% CI: 1.24-1.87), respectively. Therefore, we con-
sidered there was a strong positive association between
increasing BMI and EE in males, but not in females.

Evaluation of heterogeneity

The initial summary estimates for EE were heteroge-
neous, as described above. Stratification by BMI category
did not substantially resolve the heterogeneity; howevert,
additional stratification by gender provided more homo-
geneity. Stratification of the entire population by expo-
sure measurement (e.g;, self-report o5 measured), or study
design (case control »s cohort) did not substantially influ-
ence the initial heterogeneity (Table 3).

Publication bias

The rank correlation test did not suggest the presence
of publication bias for the main summary estimates
for either the overweight (P = 0.656) or the obese and
overweight (P = 0.804). A review of funnel plots did not
demonstrate patterns strongly suggestive of publication

bias (Figure 4).

DISCUSSION

Our pooled results of observational studies demonstrated
a positive association between increased BMI and the risk
of EE. The strength of the association increased with
increasing BMI and there was a trend towards a stronger
association in males than in females. Unlike other non-
modifiable risk factors such as age, race and gender, BMI
is potentially modifiable. Thus, identifying a relationship
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Authors Yr Design Region Population size Case population Reference Confounders adjusted for
population
Ha et al™ 2010  Case-control South n =292 (EE), Single hospital ~ Hospital controls G,E, T,],OD, WHR, TG
Korea n =500 (NERD)
Nam e al** 2010 Cohort South n =495 (EE), General population General population WC, WHR, VAT, SAT
Korea n = 3779 (normal)
Wang et al*! 2010 Case-control China n =70 (EE), General population General population A, G, S, B, T, E, C, tea drinking,
n =502 (non-EE) spicy food consumption, betel
nut use
Koo et al* 2009  Case-control South n =42 (EE), General population General population G T,E TG,
Korea n = 987 (control)
Koo et al™ 2009 Case-control South n =42 (EE), General population General population G, T,E TG,
Korea n =1007 (control)
Chua et al*” 2009  Case-control ~ Taiwan, n =427 (EE), Single hospital Hospital controls TG, Glucose intolerance,
China n = 427 (control) HDL-C, SBP
Song et al*” 2009  Case-control South n = 639 (EE), Single hospital ~ Hospital controls A,G, T,E H, TC, HDL-C,
Korea n = 5443 (non-EE) LDL-C, TG, BP, fasting glucose
Lien et al™ 2009 Case-control Taiwan, n =102 (EE), Single hospital Hospital controls A G
China n =1942 (non-EE)
Lien et al 2009  Case-control ~ Taiwan, n =240 (EE), Single hospital Hospital controls A G ]
China n =1662 (non-EE)
Nam et al™ 2009 Cohort South n =552 (EE), General population General population A, WCE,T
Korea n = 8019 (non-EE)
Lee et al®™ 2009  Case-control South n =100 (EE), Single hospital ~ Hospital controls ~ WHR, T, ], VAT, SAT, VAT/
Korea n =100 (control) SAT
Chung et al™ 2008  Case-control South n = 3539 (EE), Single hospital Hospital controls E, T, metabolic syndrome
Korea n = 3539 (control )
Zagari et al®™! 2008 Cross-sectional Italy n =122 (EE), General population General population A, G, E, T, H, ], C, medication
n =911 (non-EE) use, peptic ulcer
Lee et al™ 2008  Case-control South n =292 (EE), Medical center Medical center G, TC, TG, WHR, J, T, OD, PBF
Korea n = 2896 (control)
Kim et al*” 2008  Case-control South n =1810 (EE), Multiple hospital ~ Multiple hospital G, E, ], H, TC, TG, T, medications
Korea  n =20154 (normal) for liver/heart disease
Moki et al"™” 2007  Case-control Japan n =191 (EE), General population General population A, G, BP, TG, FBG
n = 4968 (non-EE)
Kim et al®™ 2007  Case-control South n=1090 (EE), Single hospital Hospital controls AGET
Korea  n=26229 (non-EE)
Nocon et al™ 2007 Cohort Germany n =5289 (EE), General population General population A T,E,
n =926 (non-EE)
Kang et al"™” 2007 Cross-sectional ~ South n =161 (EE), Single hospital Hospital controls A, G, ], T, B, hypertensive
Korea n = 2281 (non-EE) drugs, lifestyle choices,
abdominal obesity
Labenz et al®® 2004 Cross-sectional Germany n = 2455 (EE), Medical center Medical center A,G RS, TEBH,
n = 2834 (control) concomitant disease,
concomitant medicatons
Nilsson et al™ 2002  Case-control ~ Sweden n =179 (EE), Multiple hospital =~ Multiple hospital T, cholecystectomy, I, drugs use
n =179 (control)
Wilson et al®™ 1999  Case-control  United n =189 (EE), Single hospital Single hospital A,G R
States n =1024 (control)
Stene-Larsen et al'! 1988 Cross-sectional ~Sweden n =195 (EE), Single hospital Single hospital None

n =1029 (control)

A: Age; B: Aspirin or NSAID intake; C: Coffee; D: Meal size; E: Alcohol/ethanol; F: Family history; G: Gender; H: Helicobacter pylori infection; I: Asthma
or asthma medication; J: Hiatal hernia; K: Hospital visit or hospitalization; M: Marital status; O: Symptom checklist-90 score; P: Physical activity; Q:
Psychosomatic symptoms; R: Race; S: Socioeconomic status, education; T: Tobacco; W: Right handedness; V: Comorbidity; X: Case control status; Y:
Birthplace; Z: Hormone replacement therapy; VAT: Visceral adipose tissue; SAT: Subcutaneous adipose tissue; BP: Blood pressure; SBP: Systolic; DBP:
Diastolic blood pressure; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; TG: Triglyceride;
HbAlc: Hemoglobin Alc; OD: Obesity degree; WHR: Waist-to-hip ratio; WC: Waist circumference; PBF: Percentage of body fat; FBG: Fasting blood glucose;
EE: Erosive esophagitis; NERD: Non-erosive reflux disease; NSAID: Nonsteroidal antiinflammatory drugs.

between obesity and EE might have significant implica-
tions for counseling.

A recent meta-analysis of BMI and GERD complica-
tions found heterogeneous results and it was not able to
identify strata with homogeneous results™. Tt was pos-
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sibly due to their methods of stratification, the utilization
of estimates with markedly different measures of BMI
association, the absence of studies included in the cur-
rent analysis, and the inclusion of studies that did not set
up a non-GERD control group. In contrast, in the cur-
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Authors Yr Exposure BMI reference Exposure (definitions) Outcome Outcome
(source) (kg/m?) (source) (definitions)
BMI overweight BMI obese BMI overweight
(kg/m?) (kg/m?)  + obese (kg/m?)
Ha et al*? 2010 Measured BMI <25 =25 Endoscopy Los Angeles classification
Nam et al*! 2010 Measured BMI <20 25-29.9 =30 =25 Endoscopy Los Angeles classification
Wang et al*! 2010 Measured BMI <25 25-30 >30 =25 Endoscopy Los Angeles classification
Koo et al* 2009 Measured BMI <23 23-24.9 =25 =23 Endoscopy Los Angeles classification
Koo et al* 2009 Measured BMI <23 23-24.9 =25 =23 Endoscopy Los Angeles classification
Chua et al” 2009 Self-report <25 =25 =25 Endoscopy Los Angeles classification
Song et al** 2009 Measured BMI =30 Endoscopy Los Angeles classification
Lien et al*” 2009 Self-report <24 24-26.9 =27 =24 Endoscopy Modified Savary-Miller
endoscopic classification
Lien et al*” 2009 Self-report <24 24-26.9 =27 =24 Endoscopy Modified Savary-Miller
endoscopic classification
Nam et al™” 2009 Self-report <20 25-29.9 =30 =5 Endoscopy Los Angeles classification
Lee et al®™ 2009  Measured BMI 20-25 25-30 =30 =205 Endoscopy Los Angeles classification
Chung et al®™ 2008 Measured BMI <23 23-24.9 =25 =23 Endoscopy Los Angeles classification
Zagari et al®™ 2008 Self-report 20-24.9 25-29.9 =30 > 25 Endoscopy Modified Savary-Miller
endoscopic classification
Lee et al®™ 2008  Measured BMI <20 25-30 >30 =25 Endoscopy Los Angeles classification
Kim et al'*? 2008 Measured BMI <23 =25 Endoscopy Los Angeles classification
Moki et al™ 2007  Measured BMI <25 =25 Endoscopy Los Angeles classification
Kim et al™ 2007  Measured BMI 18.9-24.5 25-29.9 =30 =25 Endoscopy Los Angeles classification
Nocon et al™ 2007  Measured BMI 25-30 >30 Endoscopy Los Angeles classification
Kang et al’™” 2006 Measured BMI <25 25-30 >30 =25 Endoscopy Los Angeles classification
Labenz et al®® 2004 Measured BMI <25 25-30 >30 Endoscopy Los Angeles classification
Nilsson et al™ 2002 Self-report <25 25-30 >30 =25 Endoscopy Modified Savary-Miller
endoscopic classification
Wilson et al®™ 1999  Measured BMI <20 25-30 >30 =125 Endoscopy NA
Stene-Larsen et al'! 1988  Measured BMI <25 25-28 >28 Endoscopy NA
BMI: Body mass index; NA: Not available.
Study ID RR/OR (95% CI) Weight (%)
Stene-Larsen et a/*), 1998 + 1.40 (1.04-1.89) 5.90
Wilson et a/*”, 1999 e 1.92 (1.60-2.31) 7.58
Nilsson et /', 2002 —te— 1.93 (1.25-2.99) 4.24
Labenz et a/®, 2004 — 1.80 (1.39-2.33) 6.50
Kang et a*”, 2006 — 0.70 (0.43-1.14) 3.74
Kim et a*®, 2007 - 1.65 (1.46-1.86) 8.39
Kim et a/*¥, 2008 + 1.30 (1.07-1.58) 7.44
Zagari et a/*”, 2008 — 1.12 (0.78-1.61) 5.12
Lee et ai*", 2008 e 2.54 (1.90-3.40) 6.04
Nam et a/*", 2009 e ——  2.80(1.87-4.19) 4.61
Lien et a/*%, (1) 2009 + 1.85 (1.24-2.76) 4.64
Lee et a*, 2009 te 1.95 (1.54-2.47) 6.85
Lien et a/*”, (2) 2009 —e— 1.47 (1.12-1.93) 6.28
Koo et a*, (1) 2009 e 1.79 (0.87-3.69) 2.19
Koo et ai*”, (2) 2009 +——t———  1.94(0.87-4.32) 1.87
Chua et a/*”, 2009 — 1.40 (1.05-1.86) 6.12
Song et a*®, 2009 + 2.13(1.37-3.32) 4.17
Wang et a/*”, 2010 : 2.34 (1.29-4.24) 2.91
Nam et a/*", 2010 ez 1.29 (0.58-2.84) 1.91
Ha et a/*, 2010 —— 0.85 (0.51-1.43) 3.49
Overall (# = 65.7%, P = 0.000) <> 1.64 (1.45-1.85) 100.00
NOTE: Weights are from random effects analysis :
1 1
0.38 1 4.32

Figure 2 Erosive esophagitis and body mass index (overweight and obese) in males and females. The size of the square represents the weight that the cor-
responding study exerts in the meta-analysis. RR: Relative risk; OR: Odds ratio.
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Study ID RR/OR (95% CI)  Weight (%)
Nilssom et a/'?, 2002 7H 1.06 (0.56-2.01) 8.74
Moki et ai**!, 2007 + 1.80 (1.30-2.50) 23.38
Nocon et a/*, 2007 . 1.36 (1.22-1.52) 48.66
Wang et a/*, 2010 ‘ 2.46 (1.29-4.70) 8.61
Nam et a/*", 2010 — : 1.57 (0.89-2.78) 10.61
Overall (# = 36.3%, P = 0.179) & 1.52 (1.24-1.87) 100.00
NOTE: Weights are from random effects analysis
L H L

056 1 4.8

Figure 3 Erosive esophagitis and body mass index (overweight and obese) in males. The size of the square represents the weight that the corresponding study

exerts in the meta-analysis. RR: Relative risk; OR: Odds ratio.

BMI category OR Promogenciy 17 (%) No. of studies
(95% CI)
Opverall
Overweight 1.60 0.003 59.8 12[4,8,12,44,45,50,51,53,54,57—
(1.35-1.88) 59)
Obese 2.05 0.000 74.2 5l4812:44-4650-5456-59)
(1.65-2.55)
Overweight 1.64 0.000 65.7 18[4,8,12,43747,49,50—54,56—59]
+ obese (1.45-1.85)
Females
Overweight 1.47 0.011 74 3l245]
(1.15-1.88)
Obese 3.76 0.340 78.0 gizaszal
(0.92-15.28)
Overweight 1.45 0.579 0.0 4112:4455,56]
+ obese (1.26-1.66)
Males
Overweight 1.40 0.285 20.8 412444655]
(1.11-1.75)
Obese 1.74 0.099 521 412:44/4655]
(1.02-2.96)
Overweight 1.52 0.179 36.3 5l12:44,465556]
+ obese (1.24-1.87)

BMI: Body mass index; OR: Odds ratio.

rent study, after the creation of more categories of BMI
among the studies, stratification by gender demonstrated
a homogenecous increase in EE with increasing BMI. A
study showed a positive correlation between BMI and
EE in females, but not in males'” and a study of reflux
patients showed that obese females, but not obese males,
had an increased risk of severe esophagitis™. The study
by Nilsson"? also found that the association between
obesity and EE was further strengthened by the use of
oestrogen replacement medication. The prevalence of
GERD symptoms as determined in a study investigat-
ing a cohort from North America did not differ between
males and females'®". In contrast, in another study, EE
was more common in males than in females from Asia™.
Howevert, in our study, we found a strong positive asso-
ciation between increasing BMI and EE in males, but not
in females. This may be because the populations of the
included studies were from Asia.

(4 9
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1.5 + Begg’s funnel plot with pseudo 95% confidence limits
1.0 . °
Eost ’ °
- o o
0.0 -
-0.5 [, | | | |
0 0.1 0.2 0.3 0.4
SE of: Inrr

Figure 4 Evaluation of publication bias using a funnel plot. No significant
funnel asymmetry was observed which could indicate publication bias. The
horizontal line in the funnel plot indicates the random effects summary estimate,
while the sloping lines indicate the expected 95% Cl for a given standard error,
assuming no heterogeneity between studies. Each trial is represented by a
circle, the area of which represents the trial’'s precision. Larger circles represent
trials that offer more information.

Several hypotheses have been proposed to explain
how obesity can cause EE. Abdominal fat may cause
reflux through an increase in intrabdominal pressure and
subsequent esophageal acid exposure™®. Also, there was
a suggestion that hormonal factors related to adiposity
are more important than mechanical factors'”. Obesity
is also associated with increased transient lower oesopha-
geal sphincter relaxation'™’. Strengths of this analysis
include the use of strict critetia for defining our outcome
of interest and the consistency of the BMI-EE associa-
tion within the males despite different patient popula-
tions and different study designs. All the included studies
used endoscopy to confirm the diagnosis of EE, which
eliminated the possibility of false positive EE cases. Also,
we included stratification by study design, location, and
source population.

There are potential limitations of this analysis. First,
only observational studies were included; study results
may be influenced by the presence of measured or un-
measured confounding factors, such as physical activity.
Second, bias may also exist in the present study because
unpublished data were not included, nor were conference
abstracts or articles published in a language other than
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English. Third, the exposure definitions (i.e., normal,
obese or overweight) differed slightly among the studies.
We addressed this, however, by creating more comparable
and consistent categories, although few differences still
remained. Also, the accuracy of the BMI measurement
and its reliability as a measure of adiposity are known to
be imperfect.

In summary, based on our extensive review and syn-
thesis of the literature, there appears to be a statistically
significant association between elevated BMI and EE.
Considering the prevalence of obesity and increasing in-
cidence rates of EE, it is important to pay more attention
to further studies that evaluate the influence of gender,
ethnicity or age on EE to examine this association. Several
studies have found abdominal visceral obesity to be an
independent risk factor for EE™. Nam e o/ demon-
strated that association between EE and abdominal vis-
ceral adipose tissue volume was consistent among males
and females, unlike the association between EE and BMI.
However, CT or MRI is needed to test abdominal vis-
ceral adipose, which ate time consuming and costly. So,
measuring BMI may be more feasible. It is also important
to determine whether weight loss can decrease the inci-
dence of EE. Further studies are needed to evaluate the
relationship between obesity and EE.
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