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ABSTRACT

Although several studies have shown that each of the metabolic syndrome (MetS) components can be a risk factor
for erosive esophagitis (EE), the association between MetS and EE is still a challenging subject, as studies about
this association have shown inconsistent results. Therefore, this study was conducted to evaluate the association
between MetS and EE. In this study, we followed the MOOSE protocol and the PRISMA guidelines for reporting
the results. Web of Science (ISI), Cochrane Library (Cochrane Database of Systematic Reviews - CDSR), EM-
BASE, Scopus, Science Direct, PubMed/Medline, EBSCO, CINAHL, and Google Scholar search engine were
searched for articles published until January 2021. Heterogeneity between studies was estimated by 12 index and
Q test. All analyses were performed using Comprehensive Meta-Analysis Software. Finally, 12 studies entered
the meta-analysis process after qualitative assessment. MetS was significantly associated with increased risk of
EE (OR=1.488 [95 % CI: 1.352-1.638], P<0.001; Heterogeneity: 12=55.57, P<0.001) in 12 studies with a sample
size of 45285 (12825 cases and 29377 controls). In subgroup analysis based on types of studies (P=0.832), MetS
diagnostic criteria (P=0.083) and quality of studies (P=0.612), no significant association was found. Sensitivity
analysis showed that the overall estimation of effect size is still robust after omission of individual studies from
the meta-analysis. Publication bias based on the Begg’s test (P=0.945) and Egger's test (P=0.753) were not signif-
icant. MetS increases the risk of EE compared to control groups. Future studies should examine if MetS treatment
reduces the risk of EE.
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INTRODUCTION

Gastroesophageal reflux disease (GERD),
also known as acid reflux, is a long-term con-
dition in which stomach contents rise into the
esophagus, resulting in either symptoms or
complications. This uncommon flow of gas-
troesophageal contents, which is caused by
chronic exposure to esophageal epithelium
with esophagitis, may cause esophageal mu-
cosal damage, bleeding, or ulcers (Chiba et
al., 2012; Kahrilas, 2003; Vakil et al., 2006).
GERD is the most common upper gastrointes-
tinal disease in Western countries, while 10 to
20 % of the population having weekly symp-
toms (Cappell, 2005; Hunt et al., 2007; Miwa,
2006). Its prevalence has increased in the Far
East (Japan) and other regions of Asia (Fock
et al., 2008). Based on the findings of esoph-
agogastroduodenoscopy, GERD is classified
into three categories: non-erosive esophagitis
(Non-EE), erosive esophagitis (EE), and Bar-
rett’s esophagus (BE) (lerardi et al., 2010).
EE refers to tissue changes in the esophageal
mucosa in upper endoscopy, which has be-
come a major health problem in Western
countries, and epidemiological studies indi-
cate that its incidence is increasing (Goh,
2011).

Metabolic syndrome (MetS) is a complex
disorder that includes central obesity, hyper-
glycemia, hypertension, high-density lipopro-
tein cholesterol (HDL-C) and hypertriglycer-
idemia. In addition to being associated with
cardiovascular disease and diabetes, MetS
and its components are also associated with
various gastrointestinal diseases, abnormal
liver function, and polycystic ovary syndrome
(Cooper-DeHoff and Pepine, 2007; Hsieh et
al., 2009; Otaghi et al., 2019). The disease has
affected one-fifth of the population in devel-
oped countries and its incidence increases
with age. The prevalence of MetS is about
24 % in the United States, 12 % in Europe and
10 to 40 % in most Asian countries (Ryan et
al., 2008; Tan et al., 2004).

Recent literature has hypothesized the re-
lationship between MetS and GERD (Wu et
al., 2011). Most studies that examine the as-
sociation between obesity and GERD have

shown that obesity can significantly increase
the risk of GERD and EE symptoms (Bechade
etal., 2009; El-Serag, 2008a, b; Hampel et al.,
2005; Piretta et al., 2007). Although several
studies have shown that each of the MetS
components can be a risk factor for EE, the
association between MetS and EE is still a
challenging subject, as studies about this as-
sociation have shown inconsistent results
(Chua et al., 2009; Chung et al., 2008; Hsieh
et al., 2019; Hsu et al., 2011; Hung et al.,
2016; Lee et al., 2017; Loke et al., 2013;
Niigaki et al., 2013; Park et al., 2008; Tai et
al., 2010; Wu et al., 2011).

Meta-analysis is a statistical method for
combining data of several studies with similar
goals. When the effect size is consistent be-
tween two studies, meta-analysis can be used
to identify this common effect. When the ef-
fect is different between two studies, meta-
analysis may be used to identify the cause of
the inconsistency. Finally, meta-analysis re-
sults may include a more accurate estimate of
the impact of treatment or risk factors for the
disease or other outcomes by combining dif-
ferent studies (Azami et al., 2019; Badfar et
al., 2018). This study was conducted to eval-
uate the association between MetS and EE.

METHODS

Study protocol

In this study, we followed the Meta-anal-
yses Of Observational Studies in Epidemiol-
ogy (MOOSE) (Stroup et al., 2000) protocol
and the Preferred Reporting Items for System-
atic Reviews and Meta-analysis (PRISMA)
(Moher et al., 2015) guidelines for reporting
the results. The search, study selection, data
extraction and qualitative assesment of the se-
lected studies were carried out by at least two
reviewers (M.A. and M.S.) and the disagree-
ments were resolved through concordance
and group discussion. The study protocol was
not published before this study.

Search strategy
Eight online databases were searched for
articles published until January 2021: Web of
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Science (ISI), Cochrane Library (Cochrane
Database of Systematic Reviews - CDSR),
EMBASE, Scopus, Science Direct, Pub-
Med/Medline, EBSCO, CINAHL, and
Google Scholar search engine.

The search was done using the following
MeSH  keywords:  "Metabolic  Syn-
drome"”[Mesh],  "Gastroesophageal Re-
flux"[Mesh], "Esophagus”[Mesh], "Esopha-
gitis"[Mesh]. Combined search in PubMed
was done as follows: ((("Esophagus”[Mesh])
OR "Gastroesophageal Reflux"[Mesh]) OR
"Esophagitis”[Mesh]) AND "Metabolic Syn-
drome"[Mesh]. Potential articles were also
obtained by manual search in the reference
list from a review article published in 2016
(Mohammadi et al., 2016) and manual search
of the selected articles.

Inclusion and exclusion criteria

Inclusion criteria were: published articles,
with abstract, English language studies that
examined the relationship between MS and
EE. Exclusion criteria were: duplicate studies,
studies that did not present a correct definition
of MetS, studies that did not differentiate the
effect of EE from GERD, studies not relevant
to our subject, congress, letters to the editor,
studies lacking qualitative data and theses.

Article selection

Titles and abstracts of all identified re-
ports were reviewed. The full text of articles
was evaluated according to the inclusion and
exclusion criteria. Eventually, the disagree-
ments were discussed and resolved in the
presence of all authors.

Data extraction

The following data were extracted from
each study: first author, year of publication,
type of study, country/continent, setting,
mean age and standard deviation, population
size of studies (total, case, control, male and
female in case group and control group), the
number of patients with MetS in case group
and control group, odds ratio (OR), or relative
risk (RR), and 95 % confidence interval (Cl),
MetS diagnosis criteria, EE diagnostic criteria

and the qualitative assessment score of the
studies.

Quality assessment

For this purpose, the Newcastle-Ottawa
Scale (NOS) was used to evaluate the quality
of nonrandomized studies (case-control and
cohort) (Wells et al., 2011). In addition,
adapted Newcastle-Ottawa Scale was used for
the assessment of cross-sectional studies. The
maximum score was 9. Three categories were
defined for the quality of studies: low quality
(score less than 5), average quality (score 6-
7) and high score (score 8-9).

Statistical analysis

All analyses were performed using Com-
prehensive Meta-Analysis Software (CMA).
We used ORs index and 95 % confidence in-
terval to combine the initial studies and fi-
nally reported the results as OR and 95 % CI.
In studies that did not report ORs and 95 %
confidence intervals, we found them based on
the total sample size of each group as well as
the number of MetS positive patients in case
(EE) and control (Non-EE) groups. We per-
formed the meta-analysis using random and
fixed effects model. Heterogeneity between
studies was estimated by 12 index and Q test
(Adesetal., 2005; Higgins, 2008). To find the
cause of high heterogeneity between the stud-
ies, we performed meta-regression and sub-
group analysis. Sensitivity analysis was per-
formed by sequential omission of each indi-
vidual study to test the stability of the result
of meta-analysis. Publication bias was as-
sessed using Egger's test and Begg's test
(Begg and Mazumdar, 1994; Egger et al.,
1997). P values below 0.05 were considered
statistically significant.

RESULTS

Search results and characteristics of studies
Figure 1 shows the flowchart of the
screening and selection of studies. The elec-
tronic search yielded 2123 entries and manual
search identified seven more studies. The ar-
ticles were reviewed based on the titles and
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abstracts, resulting in the exclusion of 421 du-
plicate and 1682 unrelated articles. Eight
studies were excluded after full-text review
because they did not meet the inclusion crite-
ria. Finally, 12 studies entered the meta-anal-
ysis process after qualitative assessment (the
study by Hung et al. (2016) was considered as
two studies, since it reported the data in two
different populations) (Figure 1). All studies
were conducted in Asia and had appropriate
quality to be included in meta-analysis (Table
1).

MetS and increased risk of EE

MetS was significantly associated with in-
creased risk of EE (OR=1.488 [95 % CI:
1.352-1.638], P<0.001; Heterogeneity: 1%=
55.57 %, P<0.001) in 12 studies with a sam-
ple size of 45285 (12825 cases and 29377
controls) (Figure 2).

Sensitivity analysis and cumulative analysis

Sensitivity analysis was used to omit one
study to show the overall estimation power
and showed that the overall estimation is still
robust (Figure 3A) and cumulative analysis
based on the year of publication of the articles
is shown in Figure 3B.

Subgroup analysis based on study type

In cross-sectional (OR=1.458 [95 % CI:
1.146-1.855], P=0.002) and case-control (OR
=1.500 [95% CI: 1.346-1.671], P<0.001)
studies, MetS was significantly associated
with an increased risk of EE, but no signifi-
cant difference was found between the types
of studies (P = 0.832) (Figure 4A).

Records identified through
database searching

Additional records identified through
other sources

(n=2120) (n=3)
L 4 ¥
Records after duplicates removed
(n=421)
¥
Records screened Records excluded;
(n =1702) Non-related studies

(n = 1682)

y

Full-text articles assessed
for eligibility
(n=20)

Full-text articles excluded
(n = 8), with reasons: stud-
ies that did not present a
correct definition of MetS (n

y

N\

=0), studies that did not dif-
ferentiate the effect of EE

Studies included in
qualitative synthesis
(n=12)

from GERD (n = &), studies
net relevant to our subject,
congress, letters to the edi-
tor, studies lacking qualita-
tive data and theses (n =2)

Y

y

[ INCLUDED ] [ ELIGIBILITY ] [ SCREENING ] [ IDENTIFICATION]

Studies included in
quantitative synthesis
{meta-analysis)
(n=12)

Figure 1: The studies selection process for meta-analysis
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Table 1: Summary of characteristics in studies into a meta-analysis

Sample size Effect size
< Q
& B o} 2 o Control
= = = = ase ontro
T | o | g 2|58 & |9
g o | 3 | |82 2 S| = 1]°
3 s m S Q
2 m All M, F All M, F
Chua .
etal, | 2004 | Ta- 1\ A | IDF | ss4 | 427 | 36562 | 427 | 36500 | 1.76 | L2 | 7
6 wan 2.44
2009
Chung
etal., 2004- | Ko- | A | wHO | 7078 | 3530 | 2810:729 | 3539 | 281072 162 | 1% | g
7 rea 1.81
2008
. Japa-
Niigaki
etal, | 2010-| Ja- 1, 1 nese | o0l o NR 3455 NR 2213 | 163 | 5
11 pan crite- 3.01
2013 .
ra
Hsu et .
al., 2007 | '@ | |A| IDF | 2843 | 131 88:43 612 255:357 16 | 104 | 5
wan 2.45
2011
Park South 1.04-
etal, | 2006 | Ko- | LA | WHO | 5037 | 1679 | 1444:235 | 3358 | 1981:1377 | 1.25 ' 6
1.49
2008 rea
Tai et .
al., 2007- 1 Ta- |\ A | DF 260 84 41:43 176 56:120 113 | 06 6
9 wan 2.130
2010
Loke Tai- NCEP 114-
etal., | 2008 LA | ATP | 507 | 507 419:88 507 419:88 1.47 ' 7
wan 1.89
2013 I
Wu et 1.01-
al., 2010 | China | LA | IDF 372 | 182 82:100 190 93:97 1.62 ' 8
2.60
2011
Lee et .
al, |2006-| Tai- '\ 1 bE | 7712 | 1118 | 897:221 | 6499 | 3447:3052 | 221 | %94 | g
9 wan 3.82
2017
Hsieh . NCEP
etal., 2013- | Tai- | A | ATP | 4895 | 2016 | 1876:1040 | 446 983:996 | 1.658 | 14 | g
14 wan 1.89
2019 n
Hung . NCEP
etal, | 2000-| Ta- 1 o | ATp | 7110 | 1438 NR 5739 NR 154+ | 138 | ¢
9 wan 1.71*
2016 n
Hung . NCEP
etal, | 2000-| Ta- 1 1 ATP | 4842 | 484 NR 4429 NR 151% | 13- | g
2016a | 2 wan I 1.66*

EE: Erosive Esophagitis; MetS: Metabolic Syndrome; M, F: Male, female; QS: Quality Score; OR: Odds
Ratio; Cl: Confidence Interval; IDF: International Diabetes Federation; WHO: World Health Organiza-
tion; NCEP ATP llI: National Cholesterol Education Program Adult Treatment Panel Ill: LA: Los Angeles

classification; NR: Not Reported. * was calculated

Subgroup analysis based on MetS diagnostic
criteria

According to MetS diagnostic criteria in-
cluding IDF (OR=1.406 [95% CI: 1.128-
1.752], P=0.002), Japanese criteria
(OR=2.213 [95% CI: 1.630-3.005], P<
0.001), NCEP ATP 11l (OR=1.499 [95 % CI:

1.359-1.654], P<0.001), and WHO
(OR=1.437 [95%CIl: 1.116-1.852], P=
0.005), MetS was significantly associated
with an increased risk of EE, but no signifi-
cant difference was found between the MetS
diagnostic criteria (P=0.083) (Figure 4B).
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Chua CS, 2009 1.760 1.270 2.440 3.394 0.001 5.83
Chung SJ, 2008 1.620 1.450 1.810 8.527 0.000 . 14.48
Niigaki M, 2013 2213 1.630 3.005 5.088 0.000 6.36
Hsu CS, 2011 1.600 1.042 2.456 2.150 0.032 —— 3.92
Park JH, 2008 1.250 1.044 1.49 2.433 0.015 -.- 11.02
Tai CM, 2010 1.130 0.600 2.129 0.378 0.705 = 2.04
Loke S-S, 2013 1470 1.142 1.893 2.987 0.003 - 8.00
Wu P, 2011 1.620 1.010 2.599 2.000 0.046 . 3.35
Lee SW, 2017 1122 0.903 1.395 1.037 0.300 e o 9.34
Hsieh Y-H, 2019 1.658 1.455 1.890 7.577 0.000 . 13.46
Hung WC, 2016 1452 1.276 1.653 5.647 0.000 . 13.53
Hung WC, 2016a 1.294 1.023 1.636 2.154 0.031 - 8.66

1488 1.352 1.638 8.115 0.000 ‘

Heterogeneity: I’= 55.57, P< 0.001 0.1 0.2 0.5 1 2 5 10

Meta Analysis

Figure 2: The association between metabolic syndrome and increased risk of erosive esophagitis

A

Study name Statistics with study removed Odds ratio (95% CI) with study removed

Lower Upper

Point  limit limit Z-Value p-Value
Chua CS, 2009 1.473 1332 1.628 7.562 0.000 .
Chung SJ, 2008 1.468 1316  1.639 6.851 0.000 .
Niigaki M, 2013 1.453 1330 1586 8.329 0.000 .
Hsu CS, 2011 1.484 1342  1.641 7.691 0.000 .
Park JH, 2008 1.521 1380 1676 8.451 0.000 .
Tai CM, 2010 1.497 1357 1.650 8.088 0.000 .
Loke S-S, 2013 1.490 1342 1653 7.501 0.000 .
Wu P, 2011 1.484 1342  1.640 7.726 0.000 .
Lee SW, 2017 1.630 1403 1.670 9.577 0.000 .
Hsieh Y-H, 2019 1464 1316 1.629 7.014 0.000 .
Hung WC, 2016 1.494 1336 1.671 7.028 0.000 -
Hung WC, 2016a 1.508 1383 1.669 7.953 0.000 .

1.488 1352 1.638 8.115 0.000 ‘

0.1 0.2 0.5 1 2 5 10
Meta Analysis
Study name Cumulative statistics Cumulative odds ratio (95% CI)
Lower Upper Relative
Point  limit limit Z-Value p-Value weight
Chung 8J, 2008 1.620 1.450 1.810 8.527 0.000 . 14.48
Park JH, 2008 1437 1116 1852 2807  0.005 E 25,50
Chua CS, 2009 1504 1234 1.833 4.042 0.000 -.- 31.33
Tai CM, 2010 1473 1225 1.7 4117 0.000 .- 33.37
Hsu CS, 2011 1489 1274 1.740 5.010 0.000 . 37.29
Wu P, 2011 1500 1311 1.716 5.897 0.000 . 40.64
Niigaki M, 2013 1.585 1.357 1.851 5.805 0.000 . 47.00
Loke S-S, 2013 1.564 1371 1.785 6.654 0.000 . 55.00
Hung WC, 2016 1.536 1.383 1.706 8.024 0.000 . 68.53
Hung WC, 2016a 1508 1.366 1.665 8.117 0.000 . 77.19
Lee SW, 2017 1464 1316 1.629 7.014 0.000 . 86.54
Hsieh Y-H, 2019 1488 1352 1638 8.115 0.000 . 100.00
1488 1352 1.638 8.115 0.000 ‘
0.1 0.2 0.5 1 2 5 10

Meta Analysis

Figure 3: Sensitivity analysis (A) and cumulative analysis based on published year (B)
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A

Group by Study name Statistics for each study Odds ratio and 95% CI
Subgroup within study

Odds Lower Upper Relative

ratio  limit  lmit Z-Value p-Value weight
Control case Chua CS, 2009 1.760 1.270 2.440 3.3%4 0.001 *— 30.64
Control case Park JH, 2008 1.250 1.044 1.496 2433 0.015 * 50.43
Control case Wu P, 2011 1620 1010 2599 2000 0046 o 18.94
Control case 1458 1146 1855 3069 0002 L
Cross-sectional ChungSJ,2008 1620 1450 1810 8527 0000 - 18.07
Cross-sectional NiigakiM, 2013 2213 1630 3005 5088 0000 8.00
Cross-sectional Hsu CS, 2011 1600 1042 2456 2150 0032 495
Cross-sectional Tai CM, 2010 1130 0600 2120 0378 0705 258
Cross-sectional LokeS-S,2013 1470 1142 1893 2987 0003 —— 10.05
Cross-sectional Lee SW, 2017 1122 0903 1395  1.037 0300 =t 11.73
Cross-sectional HsiehY-H,2019 1658 1455 1890  7.577 0000 - 16.82
Cross-sectional HungWC,2016 1452 1276 1653 5647 0000 - 16.91
Cross-sectional HungWC,2016a 1204 1023 1636 2154 0031 e 1088
Cross-sectional 1.500 1.346 1.671 7.353 0.000
Overall 1.493 1.353 1.648 7.985 0.000
Test for subgroup differences: Q=0.045, df(Q)=1, P= 0.832 0.1 02 05 1 2 5 10

Meta Analysis

B

Group by Study name Statistics for each study Odds ratio and 95% Cl
Subgroup within study

Odds Lower Upper Relative
ratio  limit  limit Z-Value p-Value weight
IDF ChuaC$,2000 1760 1270 2440 3394 0001 —t— 292
IDF Hsu CS, 2011 1600 1042 2456 2150 0032 17.33
IDF Tai CM, 2010 1.130 0.600 2129 0.378 0.705 9.74
IDF Wu P, 2011 1620 1010 2509 2000 0046 15.16
IDF Lee SW, 2017 1122 0903 1395 1037 0300 e 3385
IDF 1406 1128 1752 3036  0.002 D
Japanese criteria NigakiM, 2013 2213 1630 3005 5088  0.000 100.00
Japanese criteria 2213 1630 3005 508 0000
NCEP ATP Il loke$-§,2013 1470 1142 1893 2987  0.003 ——— 13.11
NCEP ATP Il HsiehY-H,2019 1658 1455 1890 7577  0.000 - 3576
NCEP ATP Il Hung WC, 2016 1.452 1.276 1.653 5.647 0.000 - 36.23
NCEP ATP Il Hung WC, 2016a 1.294 1.023 1.636 2154 0.031 e — 14.90
NCEP ATP i 1499 1359 1654 8061  0.000 <
WHO ChungSJ,2008 1620 1450 1810 8527 0000 - 53.88
WHO Park JH, 2008 1250 1044 149 24338 0015 il 4612
WHO 1437 1116 1852 2807  0.005 .
Overall 1521 1402 1650 10071 0000 ¢
Test for subgroup differences: 0=6.534, df(Q)=3, P=0.083 01 02 05 1 2 5 10
Meta Analysis
C
Group by Study name Statistics for each study Odds ratio and 95% CI
Subgroup within study )
Odds Lower Upper Relative
ratio  limit  limit ZValue p-Value weight
Low risk Chung SJ, 2008 1.620 1.450 1.810 8.527 0.000 . 237
Low risk Wu P, 2011 1.620 1.010 2.599 2.000 0.046 486
Low risk Lee SW, 2017 1.122 0.903 1.395 1.037 0.300 -* 14.44
Low risk Hsieh Y-H, 2019 1.658 1.455 1.890 7.577 0.000 ' 21.79
Low risk HungWC,2016 1452 1276 1653 5647  0.000 4 21.92
Low risk HungWC,2016a 1294  1.023 1636 2154 0031 o 13.29
Low risk 1463 1306 1639 6561 0000 <&
Medium risk ChuaCs,2000 1760 1270 2440  33%4 0001 —— 16.82
Medium risk NiigakiM, 2013 2213 1630 3005 5088  0.000 et 17.81
Medium risk Hsu CS, 2011 1600 1042 245 2150 0032 e 1263
Medium risk Park JH, 2008 1250 1044 1496 2433 0015 L o 2473
Medium risk Tai CM, 2010 1130 0600 2120 0378 0705 - 7.41
Medium risk Loke$5,2013 1470 1142 1893 2987 0003 i 2061
Mediumn risk 1552 1274 1891 4.361 0.000 <
Overall 1.485 1.345 1.638 7.862 0.000 ‘

0.1 0.2 0.5

N
@
5

Test for subgroup differences: Q=0.257, df(Q)=1, P= 0.612

Meta Analysis

Figure 4: Subgroup analysis based on study type (A), MetS diagnostic criteria (B) and studies quality
(©)

Subgroup analysis based on studies quality significant difference was found (P=0.612)
In studies with moderate quality (OR =  (Figure 4C).

1.406 [95 % CI: 1.128-1.752], P<0.001) and

high quality (OR=1.406 [95% CI: 1.128-

1.752], P<0.001), MetS was significantly as-

sociated with an increased risk of EE, but no

1538



Received: September 08, 2021,

EXCLI Journal 2021;20:1532-1543 — ISSN 1611-2156
accepted: October 28, 2021, published: November 08, 2021

Meta-regression and publication bias

Meta-regression for the association be-
tween MetS and EE based on year of publica-
tion was not significant (meta-regression co-
efficient: -0.009 [95 % CI: -0.037 to 0.019],
P=0.529) (Figure 5).

A

Publication bias is shown as a funnel dia-
gram in Figure 5, and the Begg’s test (P=
0.945) and Egger's test (P=0.753) were not
significant; therefore, publication bias did not
play a role in the results.

Regression of Yearon Log odds ratio
( \

0.80 >
0.72 - N
0.64 - TN o
N / : e N
o 056 - 7 N ( ) / \
% /- // AN /// \ AN \\ / \/ }>\
[ o 0.48 - \/ ( 5 \( /L/ TN \H// \\ /// o~
» e\ \ "/
T 0.40 | N /7V" S R N [
E ) =
o 0.32 e N N // \ Y. // \
o / \ — - // | |
-l 0.24 - [ ) o \ )
\‘ ) . ) Ve ™ N \ /
0.16 - / N / \ NS
\\\ - /’,‘ )
0.08 - S \ /
\\\ ,//
0.00 ———
2006 2008 2009 2010 2012 2013 2014 2016 2017 2018 2020
Year
B Funnel Plot of Standard Error by Log odds ratio
0.0 N
VAR
JaR
/ \
// 9 QL\
0.1 ) /’Q{) \
©/o \
/ \
// ) \\\ ©
UEJ 0.2 // \\
E / o) A\
5 / © \\
n / \
/ \\
03 /
/// O \\
//’ \\‘
// \\
// \\\
0.4
-

-2.0 -0.5

0.0 0.5 20

Log odds ratio

Figure 5: Meta-regression based on published year (A) and publication bias (B)
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DISCUSSION

The present study is the first meta-analy-
sis that combined 12 primary studies to show
that MetS was significantly associated with
increased risk of EE. Subgroup analysis based
on study design, MetS criteria and quality of
studies was used to find the potential sources
of heterogeneity, which showed no significant
effect of the mentioned variables. In the in-
cluded studies, the studies of Lee et al. in 2017
and Tai et al. in 2010 were not significant but
the rest of the studies were significant (albeit
with different significance levels) (Chua et
al., 2009; Chung et al., 2008; Hsu et al., 2011,
Niigaki et al., 2013; Park et al., 2008; Hsieh
et al., 2019; Hung et al., 2016). Moreover, a
meta-analysis about the relationship between
MetS and BE showed that MetS significantly
increased the risk of BE, and suggested that
future studies should focus on the treatment of
metabolic syndrome based on the potential
risk of BE and EA (He et al., 2016).

Many other studies have reported a signif-
icant association between EE and risk factors,
including MetS components, male gender,
BMI>25, smoking, alcohol consumption,
fasting blood sugar levels>126 mg/dl, and hi-
atal hernia (Cai et al., 2012; Chung et al.,
2008; Kim et al., 2011; Labenz et al., 2004;
Loke etal., 2013; Wu et al., 2011). However,
the use of proton pump inhibitors (PPI) sig-
nificantly reduces the risk of EE
(Hosseinzadeh et al., 2011).

Although the precise mechanism of EE in
patients with MetS is not yet known (Chung
et al., 2008; Niigaki et al., 2013), several
mechanisms have demonstrated the associa-
tion between each MetS component and the
prevalence of EE. Studies have suggested that
increased waist circumference (one of the
most important components of MetS), as cen-
tral, abdominal or visceral obesity, can inde-
pendently increase the risk of EE (Chua et al.,
2009; Chung et al., 2008; Hsu et al., 2011;
Loke et al., 2013; Niigaki et al., 2013; Tai et
al., 2010). Abdominal obesity causes meta-
bolic disorders and can also contribute to EE
development (Hung et al., 2016; Souod et al.,
2013). Moreover, a meta-analysis confirmed

that central obesity can be strongly associated
with esophageal inflammation and reflux
(Singh et al., 2013). Studies have shown that
visceral obesity can increase lower esopha-
geal sphincter relaxation, the incidence of hi-
atal hernia, or even intra-abdominal pressure
and acid reflux (Er6ss et al., 2018; Wu et al.,
2011).

Hypertriglyceridemia has been associated
with an increased risk of EE even after adjust-
ments for obesity and other metabolic factors
(Chua et al., 2009; Park et al., 2008). Impair-
ment of lipid metabolism usually occurs in
MetS. MetS is the result of obesity-related
hormonal and systemic inflammatory
changes and is associated with multiple sys-
temic cancers in humans. There are several
possible explanations for this relationship.
First, fatty liver and insulin resistance may be
responsible for hypertriglyceridemia, since
liver fat has a significant association with
fasting glucose and triglyceride levels
(Nguyen-Duy et al., 2003). Hypertriglycer-
idemia is also associated with increased insu-
lin resistance (Hsu et al., 2011; Ranjbar et al.,
2016). Second, since Helicobacter pylori in-
fection is known to be a protective factor for
EE disease (Cai et al., 2012; Hosseinzadeh et
al., 2011; Hung et al., 2016; Tsukada et al.,
2006) and chronic H. pylori infection can
change serum lipid profile, including in-
creased total cholesterol and triglycerides
(Gudlaugsdottir et al., 2002; Hunt et al.,
2007). Elevated serum TG levels can only be
a side effect associated with H. pylori infec-
tion.

In other studies, the association between
hypertension and dyslipidemia (as MetS com-
ponent) has also been demonstrated (Furuta et
al., 2007). In previous studies, atherosclerosis
was associated with a high incidence of hiatal
hernia. One of the causes of increased inci-
dence of hiatal hernia is loss of flexibility of
phrenoesophageal ligament in MetS patients.

The present study has some limitations
deserving acknowledgment. One of the limi-
tations of the present study is the high hetero-
geneity of the studies, though we attempted to
discover the cause of heterogeneity through
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subgroup analysis. Furthermore, most studies
were conducted in Asian countries, which
may influence the generalizability of the re-
sults. Finally the observational and prospec-
tive nature of the included studies precludes
conclusion as to the causal nature of the ob-
served association.

CONCLUSION

MetS increases the risk of EE compared
to control groups. Future studies should ex-
amine if MetS treatment reduces the risk of
EE.

COMPLIANCE WITH ETHICAL
STANDARDS

Ethical Statement
Not applicable.

Conflict of interest
There is no conflict of interest between the
authors.

Acknowledgment

The authors would like to thank the Clin-
ical Research Development Unit of
Bagiyatallah Hospital, Tehran, Iran, for guid-
ance and advice. We also would like to thank
Ilam University of Medical Sciences for their
financial support.

Funding
None.

REFERENCES

Ades A, Lu G, Higgins J. The interpretation of ran-
dom-effects meta-analysis in decision models. Med
Decis Making. 2005;25:646-54.

Azami M, Jaafari Z, Masoumi M, Shohani M, Badfar
G, Mahmudi L, et al. The etiology and prevalence of
urinary tract infection and asymptomatic bacteriuria in
pregnant women in lIran: a systematic review and
Meta-analysis. BMC Urol. 2019;19(1):1-15.

Badfar G, Shohani M, Nasirkandy MP, Mansouri A,
Abangah G, Rahmati S, et al. Epidemiology of hepa-
titis B in pregnant Iranian women: a systematic review
and meta-analysis. Arch Virol. 2018;163:319-30.

Bechade D, Blondon H, Sekkach Y, Desrame J, Al-
gayres J. Review of the association between obesity
and gastroesophageal reflux and its complications.
Gastroenterol Clin Biol. 2009;33:155-66.

Begg CB, Mazumdar M. Operating characteristics of a
rank correlation test for publication bias. Biometrics.
1994,50:1088-101.

Cai N, Ji G-Z, Fan Z-N, Wu Y-F, Zhang F-M, Zhao Z-
F, et al. Association between body mass index and ero-
sive esophagitis: a meta-analysis. World J Gastroen-
terol. 2012;18(20):2545.

Cappell MS. Clinical presentation, diagnosis, and man-
agement of gastroesophageal reflux disease. Med Clin.
2005;89:243-91.

Chiba H, Gunji T, Sato H, lijima K, Fujibayashi K,
Okumura M, et al. A cross-sectional study on the risk
factors for erosive esophagitis in young adults. Inter-n
Med. 2012;51:1293-9.

Chua CS, Lin YM, Yu FC, Hsu YH, Chen JH, Yang
KC, et al. Metabolic risk factors associated with ero-
sive esophagitis. J Gastroenterol Hepatol. 2009;24:
1375-9.

Chung SJ, Kim D, Park MJ, Kim YS, Kim JS, Jung
HC, et al. Metabolic syndrome and visceral obesity as
risk factors for reflux oesophagitis: a cross-sectional
case—control study of 7078 Koreans undergoing health
check-ups. Gut. 2008;57:1360-5.

Cooper-DeHoff RM, Pepine CJ. Metabolic syndrome
and cardiovascular disease: challenges and opportuni-
ties. Clin Cardiol. 2007;30:593-7.

Egger M, Smith GD, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test.
Bmj. 1997;315(7109):629-34.

El-Serag H. Role of obesity in GORD-related disor-
ders. Gut. 2008a;57:281-4.

El-Serag H. The association between obesity and
GERD: a review of the epidemiological evidence. Di-
gest Dis Sci. 2008b;53:2307-12.

Erdss B, Farkas N, Vincze A, Tinusz B, Szapary L,
Garami A, et al. Helicobacter pylori infection reduces
the risk of Barrett's esophagus: A meta-analysis and
systematic review. Helicobacter. 2018;23(4):e12504.

Fock KM, Talley NJ, Fass R, Goh KL, Katelaris P,
Hunt R, et al. Asia-Pacific consensus on the man-age-
ment of gastroesophageal reflux disease: update. J Gas-
troenterol Hepatol. 2008;23(1):8-22.

1541



EXCLI Journal 2021;20:1532-1543 — ISSN 1611-2156

Received: September 08, 2021, accepted: October 28, 2021, published: November 08, 2021

Furuta K, Adachi K, Arima N, Yagi J, Tanaka S,
Miyaoka Y, et al. Study of arteriosclerosis in patients
with hiatal hernia and reflux esophagitis. J Gastroen-
terol Hepatol. 2007;22:1732-6.

Goh KL. Gastroesophageal reflux disease in Asia: A
historical perspective and present challenges. J Gastro-
enterol Hepatol. 2011;26:2-10.

Gudlaugsdottir S, Verschuren WM, Dees J, Stijnen T,
Wilson JP. Hypertension is frequently present in pa-
tients with reflux esophagitis or Barrett’s esophagus
but not in those with non-ulcer dyspepsia. Eur J Intern
Med. 2002;13:369-75.

Hampel H, Abraham NS, El-Serag HB. Meta-analysis:
obesity and the risk for gastroesophageal re-flux dis-
ease and its complications. Ann Intern Med. 2005;143:
199-211.

He Q, Li J-d, Huang W, Zhu W-c, Yang J-g. Metabolic
syndrome is associated with increased risk of Barrett
esophagus: a meta-analysis. Medicine (Baltimore).
2016;95(31):e4338.

Higgins JP. Cochrane handbook for systematic re-
views of interventions version 5.0. 1. The Cochrane
Collaboration, 2008. http://www.cochrane-hand-

book.org.

Hosseinzadeh M, Khosravi A, Saki K, Ranjbar R.
Evaluation of Helicobacter pylori infection in patients
with common migraine headache. Arch Med Sci. 2011;
7:844-9.

Hsieh M, Ho C, Hou N, Hsieh M, Lin W, Yang J, et al.
Abnormal liver function test results are related to met-
abolic syndrome and BMI in Taiwanese adults without
chronic hepatitis B or C. Int J Obes. 2009;33:1309-17.

Hsieh Y-H, Wu M-F, Yang P-Y, Liao W-C, Hsieh Y-
H, Chang Y-J, et al. What is the impact of metabolic
syndrome and its components on reflux esophagitis? A
cross-sectional study. BMC Gastroenterol. 2019;19(1):
33.

Hsu CS, Wang PC, Chen JH, Su WC, Tseng TC, Chen
HD, et al. Increasing insulin resistance is associated
with increased severity and prevalence of gastro-oe-
sophageal reflux disease. Aliment Pharmacol Ther.
2011;34:994-1004.

Hung W-C, Wu J-S, Sun Z-J, Lu F-H, Yang Y-C,
Chang C-J. Gender differences in the association of
non-alcoholic fatty liver disease and metabolic syn-
drome with erosive oesophagitis: a cross-sectional
study in a Taiwanese population. BMJ Open.
2016;6(11):e013106.

Hunt RH, Tytgat GH, Malfertheiner P, Fock KM,
Heading RC, Katelaris PH, et al. Whistler sum-
mary:“the slow rate of rapid progress”. J Clin Gastro-
enterol. 2007;41:539-45.

lerardi E, Rosania R, Zotti M, Principe S, Laonigro G,
Giorgio F, et al. Metabolic syndrome and gastro-esoph-
ageal reflux: A link towards a growing interest in de-
veloped countries. World J Gastrointest Pathophysiol.
2010;1(3):91.

Kahrilas PJ. GERD pathogenesis, pathophysiology,
and clinical manifestations. Cleve Clin J Med. 2003;70
(Suppl 5):54-19.

Kim BJ, Cheon WS, Oh H-C, Kim JW, Park JD, Kim
JG. Prevalence and risk factor of erosive esophagitis
observed in Korean National Cancer Screening Pro-
gram. J Korean Med Sci. 2011;26:642-6.

Labenz J, Jaspersen D, Kulig M, Leodolter A, Lind T,
Meyer-Sabellek W, et al. Risk factors for erosive
esophagitis: a multivariate analysis based on the
ProGERD study initiative. Off J Am Coll Gastroen-
terol. 2004;99:1652-6.

Lee S-W, Lien H-C, Chang C-S, Lee T-Y, Peng Y-C,
Yeh H-Z. Association of metabolic syndrome with ero-
sive esophagitis and Barrett’s esophagus in a Chinese
population. J Chin Med Assoc. 2017;80:15-8.

Loke S-S, Yang KD, Chen K-D, Chen J-F. Erosive
esophagitis associated with metabolic syndrome, im-
paired liver function, and dyslipidemia. World J Gas-
troenterol. 2013;19:5883-8.

Miwa H. Natural history and new conceptual frame-
work of gastroesophageal reflux disease. J Gastroen-
terol. 2006;41:509-10.

Mohammadi M, Jolfaie NR, Alipour R, Zarrati M. Is
metabolic syndrome considered to be a risk factor for
gastroesophageal reflux disease (non-erosive or ero-
sive esophagitis)? A systematic review of the evidence.
Iran Red Crescent Med J. 2016;18(11):e30363.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A,
Petticrew M, et al. Preferred reporting items for sys-
tematic review and meta-analysis protocols (PRIS-
MA-P) 2015 statement. Syst Rev. 2015;4:1.

Nguyen-Duy T-B, Nichaman MZ, Church TS, Blair
SN, Ross R. Visceral fat and liver fat are independent
predictors of metabolic risk factors in men. Am J Phys-
iol Endocrinol Metab. 2003;284:E1065-E71.

Niigaki M, Adachi K, Hirakawa K, Furuta K, Kinoshi-
ta Y. Association between metabolic syndrome and
prevalence of gastroesophageal reflux disease in a
health screening facility in Japan. J Gastroenterol.
2013;48:463-72.

1542


http://www.cochrane-handbook.org/
http://www.cochrane-handbook.org/

EXCLI Journal 2021;20:1532-1543 — ISSN 1611-2156

Received: September 08, 2021, accepted: October 28, 2021, published: November 08, 2021

Otaghi M, Azami M, Khorshidi A, Borji M, Tardeh Z.
The association between metabolic syndrome and pol-
ycystic ovary syndrome: a systematic review and meta-
analysis. Diabetes Metab Syndr. 2019;13(2):1481-9.

Park JH, Park DI, Kim HJ, Cho YK, Sohn CI, Jeon
WK, et al. Metabolic syndrome is associated with ero-
sive esophagitis. World J Gastroenterol. 2008;14:
5442-7.

Piretta L, Alghisi F, Anzini F, Corazziari E. Prevalence
of overweightedness in patients with gastro-esopha-
geal reflux. W J Gastroenterol. 2007;13:4602-5.

Ranjbar R, Khamesipour F, Jonaidi-Jafari N, Rahimi
E. Helicobacter pylori isolated from Iranian drinking
water: vacA, cagA, iceA, 0ipA and babA2 genotype
status and antimicrobial resistance properties. FEBS
Open Bio. 2016;6:433-41.

Ryan AM, Healy LA, Power DG, Byrne M, Murphy S,
Byrne PJ, et al. Barrett esophagus: prevalence of cen-
tral adiposity, metabolic syndrome, and a proin-flam-
matory state. Ann Surg. 2008;247:909-15.

Singh S, Sharma AN, Murad MH, Buttar NS, El-Serag
HB, Katzka DA, et al. Central adiposity is associated
with increased risk of esophageal inflammation, meta-
plasia, and adenocarcinoma: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol. 2013;11:
1399-412.e7.

Souod N, Kargar M, Doosti A, Ranjbar R, Sarshar M.
Genetic analysis of cagA and vacA genes in Helico-
bacter pylori isolates and their relationship with gas-
troduodenal diseases in the west of Iran. Iran Red Cres-
cent Med J. 2013;15:371-5.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson
GD, Rennie D, et al. Meta-analysis of observational
studies in epidemiology: a proposal for reporting.
JAMA. 2000;283:2008-12.

Tai CM, Lee YC, Tu HP, Huang CK, Wu MT, Chang
CY, et al. The relationship between visceral adiposity
and the risk of erosive esophagitis in severely obese
Chinese patients. Obesity. 2010;18:2165-9.

Tan C-E, Chew S-K, Tai E-S. The metabolic syn-
drome: an Asian perspective. Int Congress Series;
2004;1262:546-9.

Tsukada K, Katoh H, Miyazaki T, Fukuchi M, Ku-
wano H, Kimura H, et al. Factors associated with the
development of reflux esophagitis after Helicobacter
pylori eradication. Dig Dis Sci. 2006;51:539-42.

Vakil N, Van Zanten SV, Kahrilas P, Dent J, Jones R.
The Montreal definition and classification of gas-
troesophageal reflux disease: a global evidence-based
consensus. Off J Am Coll Gastroenterol. 2006;101:
1900-20.

Wells GA, Shea B, O’Connell D, Peterson J, Welch V,
Losos M, et al. The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in
meta-analyses. Ottawa: Ottawa Hospital Research In-
stitute, 2011.

Wu P, Ma L, Dai G, Chen Y, Tong Y, Wang C, et al.
The association of metabolic syndrome with reflux
esophagitis: a case-control study. Neurogastroenterol
Motil. 2011;23:989-94.

1543



