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ABSTRACT

Objective Numerous meta-analyses have revealed the
association between gastro-oesophageal reflux disease
(GORD) and a range of diseases; however, the certainty
of the evidence remains unclear. This study aimed to
summarise and assess the certainty of evidence derived
from meta-analyses.

Methods Embase, PubMed, Web of Science, Cochrane
Databases of Systematic Reviews, CNKI and Wangfang
databases from their inception to 22 February 2020 were
queried for systematic reviews and meta-analyses on
the association between GORD and various diseases.
The methodological quality of the included studies was
assessed using A Measurement Tool to Assess Systematic
Reviews 2 (AMSTAR 2), and evidence certainty was
evaluated using the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
system. Statistical analysis was conducted using Stata
V.15.

Results Ten publications with associations between
GORD and different types of diseases were included.
There was high heterogeneity (1 >75%) among seven
independent meta-analyses. Evidence for publication bias
in two independent meta-analyses was also observed.
According to the AMSTAR 2 approach, the methodological
quality was high for 20% of meta-analyses, moderate for
10%, low for 40% and critically low for 30%. Based on
GRADE approach, the certainty of evidence was high for
the association between GORD and higher risk of chronic
obstructive pulmonary disease (COPD) exacerbation (OR
5.37; 95% Cl 2.71 to 10.64) and higher prevalence of
oesophageal adenocarcinoma (OR 4.57; 95% Cl 3.89 to
5.36), and it was moderate for the association between
GORD and higher chronic rhinosinusitis prevalence (OR
2.16; 95% Cl 1.37 to 3.48).

Conclusion The association between GORD and a
range of diseases was extensively studied, and our
findings revealed a high certainty of evidence of the
association between GORD and an increased risk of
COPD exacerbation as well as increased prevalence of
oesophageal adenocarcinoma. Further investigations
using systematic reviews and meta-analyses of high
methodological quality that include prospective large
cohort studies and adjusted confounders are warranted.
PROSPERO registration number CRD42019122264.
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Strengths and limitations of this study

» This umbrella review is the first synthesis of sys-
tematic reviews and meta-analyses to consider the
association between gastro-oesophageal reflux dis-
ease (GORD) and diverse diseases.

» These results provide insights into the association
between GORD and diverse diseases.

» The associations between GORD and most of dis-
eases observed in this umbrella review may reflect
uncertainty.

» Evidence from original observational studies was
not discussed in this study, which may result in con-
clusion bias.

INTRODUCTION

Gastro-oesophageal reflux disease (GORD) is
a condition characterised by stomach content
reflux causing discomfort and other symp-
toms.' The prevalence of GORD is increasing
worldwide.” The oesophagus is located within
the chest area and connects the throat and
stomach cavities with the neighbouring non-
digestive tract organs, namely the larynx,
heart and respiratory tract. Reflux of stomach
contents (eg, pepsin, gastric acid or bile)
into the oesophagus may damage the special-
ised physiological structure of neighbouring
organs. Therefore, GORD is a risk factor for
multiple diseases.

The association between GORD and various
diseases has been extensively investigated,
and studies have revealed that GORD is asso-
ciated with respiratory diseases (eg, chronic
obstructive pulmonary disease (COPD)),’
cardiovascular diseases (eg, coronary heart
disease and atrial fibrillation) ,4 ® mental disor-
ders,6 head and neck diseases (eg, chronic
rhinosinusitis (CRS))” and cancer (eg, laryn-
geal cancer).” These findings suggest that
GORD threatens physical health as well as
causing various diseases that further aggravate
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the economical and psychological burden of patients.”°
Recognising the associations between GORD and various
diseases may be important for public health preven-
tion based on the substantial global burden of diseases.
However, to our knowledge, no study has comprehen-
sively summarised these reported associations. Therefore,
this study summarises the scope of associations between
GORD and diverse diseases.

Although many systematic reviews and meta-analyses
have shown the association between GORD and various
diseases, the certainty of the evidence remains unclear.
The risk of bias, scheme design defects, publication bias
or inconsistencies in meta-analysis studies may decrease
the certainty of evidence. It is important to clarify the
certainty of the associations between GORD and the risk
of various diseases for diagnosis and treatment. Therefore,
the scope of the associations between GORD and diverse
diseases needs to be summarised, and the strength and
validity regarding these associations should be clarified
using validated tools. An umbrella review is a useful tool
to systematically search, collect and assess the existing
evidence derived from various systematic reviews and
meta-analyses on any clinical health outcomes related to
a particular exposure.” '’ It provides an overview of the
range and validity of the reported associations.

This study aimed to perform an umbrella review of
meta-analyses on the association between GORD and
various diseases and to assess the strength and validity of
such evidence.

MATERIALS AND METHODS

The presentation of this umbrella review was in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement.'"" This umbrella
review protocol has been registered in PROSPERO
as CRD42019122264 (https:/ /www.crd.york.ac.uk/
prospero/).

Literature search

Two researchers (YZ and XL) independently and compre-
hensively performed computerised searches on Embase,
PubMed, Web of Science, CNKI, the Wangfang database
and the Cochrane Database of Systematic Reviews to
identify systematic reviews and meta-analyses of obser-
vational studies on the associations between GORD and
diverse diseases. The searched timeframe was from data-
base inception to 22 February 2020. The search strategy
involved a combination of medical subject terms, words
and free text. The search algorithms employed for each
database can be found in online supplemental appendix
1. References from relevant reviews and meta-analyses
were also manually screened. All identified publications
were managed using EndNote. The two reviewers (LL
and JT) independently screened the titles, abstracts and
full texts of eligible articles in accordance with the inclu-
sion and exclusion criteria. Any discrepancy was resolved
via discussion, and a third researcher (SX) arbitrated

all discrepancies that could not be resolved through
discussion.

Eligibility and exclusion criteria

Studies were included if they met the following criteria: (1)
included systematic reviews and meta-analyses of obser-
vational studies (any type of observational study design,
eg, case—control study and cross-sectional study) with
pooled summary effects (eg, relative risks (RRs), ORs and
their 95% ClIs); (2) considered GORD as exposure; (3)
included studies in which GORD was diagnosed via vali-
dated methods (eg, oesophagogastroduodenoscopy and
24-hour pH monitoring); and (4) considered the associ-
ations (ie, prevalence, incidence or risk) between GORD
and diverse diseases (eg, cancer, respiratory disease and
digestive disease) as the outcome.

Studies were excluded if they were systematic reviews
without meta-analyses. Animal and laboratory studies
were also excluded. When two or more meta-analyses
were performed for the same review question, the meta-
analysis with the largest sample size and the latest date of
publication for each outcome was selected to avoid dupli-
cate studies. If the most current meta-analysis was not the
one with the largest sample size, then the reason for this
discrepancy was explored. In our review, the meta-analysis
with the largest sample size was included.

Data extraction

Data from each eligible systematic review and meta-
analyses were independently extracted by two investi-
gators (LL and CY). The abstracted information was
carefully checked by a third investigator (XH). The name
of the first author, publication year, outcomes examined,
number of cases and participants, number of included
studies, study design of the primary study, method of
GORD diagnosis and risk of bias assessment tool were
extracted using a predesigned data extraction form. For
each eligible meta-analysis, the reported pooled summary
effects (ORs and their 95% CIs) and their p values as well
as results of subgroup analyses were extracted. Simulta-
neously, we extracted the I? and p values of Cochran’s Q
test to evaluate the heterogeneity between meta-analysis
studies. The results of publication bias and p values of
Egger’s test were extracted to determine whether publi-
cation bias existed in the meta-analysis. If two or more
outcomes of interest were examined in a systematic review
and meta-analysis, each outcome was recorded separately.

Assessment of methodological quality

The methodological quality of the included studies was
independently assessed by two investigators (DW and
CY) using AMSTAR2, a measurement tool used to assess
the methodological quality of systematic reviews,'? and
the results were checked by a third investigator (XH).
Inconsistencies were resolved by discussion. AMSTAR 2
contains 16 checklists (seven critical and nine noncrit-
ical checklists) for assessing the quality of systematic
reviews and meta-analyses. According to AMSTAR 2,
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items 2, 4, 7, 9, 11, 13 and 15 were defined as critical
domains, and items 1, 3, 5, 6, 8, 10, 12, 14 and 16 were
defined as noncritical domains. The rating criteria of
the methodological quality of meta-analyses were as
follows: high quality when one or no noncritical weak-
ness was found, moderate quality when two or more
non-critical weaknesses were found, low quality when
one critical flaw with or without non-critical weaknesses
was found and critically low quality when two or more
critical flaws with or without noncritical weaknesses
were found.

Assessment of certainty evidence

In this umbrella review, the GRADE system was used
to evaluate the certainties of evidence derived from
systematic reviews and meta-analyses of observational
studies on the associations between GORD and various
diseases."”'* This system includes five factors (risk of bias,
inconsistency, indirectness, imprecision and publication
bias) for downgrading the certainty of evidence and
three factors (large effect, dose response and plausible
residual confounding) for upgrading the certainty of
evidence. When there were serious or very serious down-
grading factors, the certainty of the evidence was lower
by one or two levels, respectively. If the effect was large
(OR either >2.0 or <0.5) or very large (OR either >5.0or
<0.2), then evidence quality was upgraded by one or two
levels, respectively. If there was evidence that the influ-
ence of all plausible confounding would reduce a demon-
strated effect or suggest a spurious effect, then evidence
quality was upgraded by one level. The rating criteria of
the certainty of evidence were as follows: (1) the certainty
of the primary evidence of an observational study was
considered ‘low’; (2) the certainty of evidence was classi-
fied ‘very low’ by downgrading one level; (3) the certainty
of evidence was rated ‘moderate’'by upgrading one level;
and (4) the certainty of evidence was graded ‘high’ by
upgrading two levels. GRADE assessment was conducted
by two researchers (LL and JT), and the results were
checked by a third investigator (XH). Inconsistencies
were resolved by discussion.

Data analysis

We recalculated the summary ORs and corresponding
95% CIs. A random-effects model was used for calcula-
tion when 1% >50% was observed; otherwise, a fixed-effects
model was employed. The heterogeneity among different
studies was assessed using the I° and the p value results
of Cochran’s Q test. Publication bias was estimated using
Egger’s test. Differences for which p<0.1 were deemed
statistically significant. No heterogeneity, low heteroge-
neity, moderate heterogeneity and high heterogeneity
were indicated by an I? of <25%, 25%-50%, 50%-75%
and 275%, respectively. We also conducted subgroup
analysis to explain the sources of heterogeneity. Statistical
analyses were conducted using Stata V.15. Figures were
prepared using GraphPad Prism V.5.

4091 articles identified through database screening:
-PubMed n=796
-Embase n=702
,5 -Web of Science n=940
s -Cochrane n=1374
55 -CIKN n=134
_qg -Wangfang database145
= -Hand searched n=0
2353 articles were excluded based on title review:
-Duplicates n=685
-GORD not exposure of interest n=612
& -Not meta-analyses/systematic review n=881
= -Meta-analyses of intervention in GORD n=165
g -Meta-analyses of diagnostic of GORD n=10
%)
1738 articles reviewed by abstract screening
1707 articles were excluded:
-Review without meta-analysis 583
-Duplicate n=515
E -GORD not exposure of interest =609
E"
o 31 articles reviewed by full text screening
21 articles were excluded:
-Not largest and latest meta-analyses n=4
-Review without meta-analysis n=8
E -GORD not as exposure n=9
=)
ﬁ 10 articles were included in umbrella review

Figure 1: Flowchart of the study selection process for umbrella review

Figure 1 Flow chart of study selection process for umbrella
review. GORD, gastro-oesophageal reflux disease.

Patient and public involvement

Patients and the public were not involved in the design
of this study, conducting, reporting or dissemination of
plans of our research.

RESULTS

Description of the meta-analyses

In summary, 4091 articles meeting our search criteria
were initially identified from six databases. Twenty-one
articles”™ were excluded after reviewing by full text
and were shown in online supplemental table S1. Ten
articles™™ published between 2007 and 2020 were
selected (figure 1). The characteristics of the eligible
meta-analyses are summarised in table 1. A total of 92
individual studies, consisting of 14 cross-sectional studies
and 78 case—controlled studies, were included. The study
estimates pooled per meta-analysis ranged from 2 to 26,
and the median of the study estimate was 6. Three meta-
analyses™ ** ** included more than 10 primary studies.
The number of cases ranged from 82 to 36 503, and the
number of participants ranged from 198 to 254978 in
the meta-analyses. Associations between GORD and idio-
pathic pulmonary fibrosis (IPF),* asthma,” COPD exac-
erbation,™ CRS,” laryngeal malignancy,"’ oesophageal
adenocarcinoma (OAC),"" Barrett’s oesophagus,” non-
alcoholic fatty liver disease (NAFLD),* obstructive sleep
apnea-hypopnoea syndrome (OSAHS)* and pharyngeal
cancer® were found.
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Laryngeal malignancy risk 15 CCS 36503 74209

Pharyngeal cancer risk 2 CCS 4681 18724 [

OAC prevalence 5 CCS 566 3285

Ha— 2.37(1.79,3.14) 95

W 376(021,6748) 94

Not exist very low

Not exist very low

—a— 4.57 (3.89, 5.36) 6 Not exist high

2-101 234567

Figure 2 Summary ORs with 95% Cls and certainty of evidence for association between GORD and cancers. Data are based
on results from 3 published meta-analyses. CSS, Case controlled study; OAC, oesophageal adenocarcinoma; GORD, gastro-

oesophageal reflux disease.

Summary of the methodological quality of the included meta-
analyses

The methodological qualities of the included meta-analyses
were assessed using AMSTAR 2, and the detailed results are
shown in online supplemental table S2. Five (40%) meta-
analyses did not report explicit statements or protocols.
Five (40%) meta-analyses did not use comprehensive liter-
ature search strategies. Six (50%) of the meta-analyses did
not assess the risk of bias in the primary studies. None of
the meta-analyses reported the details of funding sources for
the included studies. Overall, the methodological qualities
of the included meta-analyses were categorised as high for
20% (n=2), moderate for 10% (n=1), low for 40% (n=4) and
critically low for 30% (n=3) (table 1).

Certainty of evidence of the associations between GORD and
diverse diseases

A total of 10 associations between GORD and different types
of diseases were found: cancer (n=3), respiratory diseases
(n=b) and digestive diseases (n=2). Nine of these associa-
tions had nominal significance. The detailed results of the
certainty of evidence are summarised in online supple-
mental table S3. Overall, the certainties of evidence were
graded high, moderate, low and very low for 20% (n=2),
10% (n=1), 10% (n=1) and 60% (n=6) of the associations,
respectively (figures 2-4).

The associations between GORD and cancers

Figure 2 shows that the individuals with weekly GORD symp-
toms have a fivefold increase in the odds of developing OAC
(OR=4.57;95% CI 3.89 to 5.36),, and the certainty of evidence
was rated as high.*' A very low certainty of evidence indicated
that GORD is associated with an increased risk of laryn-
geal malignancy by more than twofold (OR=2.37; 95% CI
1.79 to 3.14)" (figure 2). However, a very low certainty of

evidence showed that there was no significant association
between GORD and pharyngeal cancer.”” The results of
subgroup analyses are shown in table 2. The individuals with
daily GORD symptoms had a sevenfold increase in odds of
developing OAC. By stratifying based on duration of GORD
symptoms, the odds of developing OAC were higher among
individuals with GORD symptoms of at least 20 years was
higher among individuals with GORD symptoms of less than
10-15 years. Based on ethnicity, GORD increased the risk of
laryngeal malignancy in Europeans, Asians and Americans,
particularly in Asians. GORD significantly increased the
prevalence of OAC in Europeans, Australians and Amer-
icans. Additionally, GORD increased the risk of laryngeal
malignancy by approximately fourfold based on diagnoses
of GORD using objective methods. However, there was no
association between GORD and laryngeal malignancy based
on diagnoses of GORD using subjective methods.

The associations between GORD and respiratory diseases
Figure 3 shows the association between GORD and increased
risk of COPD exacerbation (OR=5.37;95% CI 2.71 to 10.64),
and the certainty of evidence was high.* The asthma preva-
lence in individuals with GORD was higher than those without
GORD (OR=2.27; 95% CI 1.81 to 2.84), but the certainty of
evidence was very low.” CRS prevalence increased by more
than twofold in patients with GORD (OR=2.16; 95% CI
1.37 to 3.48), and the certainty of evidence was moderate.*
The summary OR for the association between GORD and
IPF was OR=2.94 (95% CI 1.95 to 4.42), but the certainty of
evidence was very low.”® The certainty of the positive associa-
tion between GORD and OSAHS (OR=1.79; 95% CI 1.00 to
3.22) was very low. "

The results of subgroup analyses are shown in table 2.
GORD was associated with an increase in the risk of OSAHS

CRS prevalence 4 CCS 5391 219670 Ha—
OSAHS prevalence 1CCS;3CSS 416 1042

IPF risk 18 CCS 1760 12574

Asthma prevalence 7CSS 10702 254978

COPD exacerbations risk 3CCs 82 198

2.16 (1.37, 3.48) 85.4

not exist moderate

1.79 (1.00, 3.22) 67 not exist very low

2.94(1.95,4.42) 86 not exist very low

2.27(1.81,2.84) 85 exist very low

5.37(2.71, 10.64) 0 not exist high

-22-T01T23 45678910l

Figure 3 Summary ORs with 95% Cls and certainty of evidence for association between GORD and respiratory diseases. Data
are based on results from five published meta-analyses. CCS, case-controlled study; COPD, chronic obstructive pulmonary
disease; CRS, chronic rhinosinusitis; CSS, case-sectional study; GORD, gastro-oesophageal reflux disease; OIPF, idiapathic
pulmonary fibrosis; OSAHS, obstructive sleep apnoea-hypopnoea syndrome.
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NAFLD risk

4 CCS:4 CSS NA 31322

BO prevalence 26 CCS NA NA

—a— 2.07 (1.54,2.79) 87 exist very low
—a— 2.90(1.86,4.54) 89 Not exist low
2 3 4 5

Figure 4 Summary ORs with 95% Cls and certainty of evidence for association between GORD and digestive diseases. Data
are based on results from two published meta-analyses. BO, Barrett’s oesophagus; CCS, case-controlled study; CSS, case-
sectional study; GORD, gastro-oesophageal reflux disease; NA, not available; NAFLD, non-alcoholic fatty liver disease.

based on the diagnoses of GORD using objective methods.
However, there was no association between GORD and
OSAHS based on the diagnosis of GORD using subjective
methods. Based on the age of the participants, GORD was
associated with a higher risk of CRS in both adults and chil-
dren, particularly in children (OR=3.20;95% CI 2.39 to 4.27).
Based on ethnicity, GORD was associated with an increase
in the risk of asthma in Europeans, Asians and Americans,
particularly in Asians, with a summary OR of 5.56. GORD
was associated with a higher prevalence of OSAHS in Amer-
icans, but not in Asians, and GORD was associated with an
increase in the risk of IPF in Europeans, Asians, Americans
and Africans, but not in Canadians.

The associations between GORD and digestive diseases

The prevalence of Barrett’s oesophagus in individuals with
GORD was approximately three times higher in those
without GORD (OR=2.90; 95%CI 1.86 to 4.54), and the
certainty of evidence was rated as 10w42(ﬁgure 4). Based
on ethnicity, GORD was associated with an increase in the
prevalence of Barrett’s oesophagus in Americans by twofold.
However, there were no associations between GORD and
Barrett’s oesophagus based on studies involving Asians
(OR=1.62; 95% CI 0.813 to 3.24) and Europeans (OR=3.00;
95% CI0.901 to 9.99) (table 2). GORD was significantly asso-
ciated with an increase in the risk of NAFLD with a very low
certainty of evidence® (figure 4).

Heterogeneity and publication bias of the included meta-
analyses

The heterogeneity and publication bias of the included
meta-analyses are summarised in table 1. Eight of the
included systematic reviews with meta-analyses showed
heterogeneity (I* 230%). Among these, seven showed high
heterogeneity with an I? of >75%,% * % % 2% % 35d one
meta-analysis showed moderate heterogeneity with an I* of
67%.** The results of subgroup analyses showed that hetero-
geneity in studies significantly decreased when stratifying by
age of participants,” study design,* ethnicity™ *” ***** and
diagnostic methods.*” ** Two of the included meta-analyses
showed statistical evidence of publication bias.”” **

DISCUSSION

Principal findings

The influence of GORD on the development of diverse
diseases has been examined in many published meta-
analyses. This umbrella review included 10 published

meta-analyses that investigated on the association between
GORD and 10 types of diseases. Approximately 80% of
the meta-analyses reported significant heterogeneity. Two
meta-analyses showed statistically significant evidence of
publication bias. The methodological qualities were cate-
gorised as high only for two meta-analyses and moderate
for one. The certainties of evidence were graded as high
for the association between GORD and increased risk
of COPD exacerbation and for the association between
GORD and increased prevalence of OAC.

Comparison with other studies

This umbrella review supported some of the recommen-
dations as well as added related evidence. Recommenda-
tions on the contribution of GORD to the development
of COPD were included in the guidelines.46 7 This infor-
mation was in accordance with our result that GORD was
associated with an increased risk of COPD exacerbation.
Therefore, controlling GORD in patients with COPD
may contribute to the control of COPD and improve
prognosis. Additionally, our findings showed that GORD
was associated with an increase in the prevalence of OAC,
indicating that GORD may play an important role in the
aetiology of OAC, with a high certainty of evidence.!!
This result indicates that controlling GORD might be
beneficial in deterring OAC development. However,
Australian guidelines state that the treatment of GORD
with proton pump inhibitors (PPIs) does not influence
OAC progression.” Larger randomised controlled
trials should be conducted in the future to confirm this
discrepancy. Chinese guidelines have reported GORD as
a risk factor of CRS but failed to establish the strength of
their evidence." This umbrella review confirmed that the
certainty of this evidence may be moderate.

Japanese guidelines recommended the management
of the coexistence of a condition coexisting with GORD
when treating asthma.” If asthma is not been managed at
any step during therapy, then the assessment of the coex-
isting of a condition with GORD is also recommended.”’
Korean guidelines indicate that GORD occurs in up to
87% of patients with IPF and can contribute to the exac-
erbation of IPE.”* The American College of Gastroenter-
ology recommends the routine use of PPIs for Barrett’s
oesophagus even in the absence of symptoms.”® However,
we found that the certainties of evidence for the associa-
tion between GORD and these diseases are ‘low’ or ‘very
low’, indicating that these associations should be assessed
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Association between Number of Effect P value of
Subgroup classification GORD and* studies model OR (95% Cl) Q test 12 (%)

Daily symptoms OAC prevalence*! 5CCS R 7.40 (4.94t0 11.1)  0.01 71

Stratified by duration of GORD symptoms

Less than 10-15 years OAC prevalence®! 4 CCS R 3.05(1.531t06.08) <0.01 84
Subjective methods Laryngeal malignancy 5CCS F 1.43(0.93t02.22) 0.1 48
risk*

IPF risk3® 12 CCS R 2.36(1.82103.05 0 91.1

IPF risk®® 11 CCS R 2.80 (1.57 t0 5.00)  0.007 59

Stratified by study design

Retrospective studies Laryngeal malignancy 8 CCS F 2.68 (1.8610 3.85) NA 97
risk*

Case—-control studies NAFLD risk* 4 CCS F 3.04 (2.27t04.06) 0.7 0

Adults with GORD CRS prevalence® 3CCS F 1.66 (1.57t0 1.75)  0.426 0

Stratified by ethnicity of participants

BO prevalence*? 8 CCS R 3.00 (0.901 t0 9.99) <0.0001 93

IPF risk® 6 CCS R 2.05(1.69t02.49) 0 775

Asians IPF risk® 2 CCS F 4.28 (1.81to0 10.11) 0.548 0

BO prevalence™ 3CCS F 1.62 (0.813t0 3.24) 0.14 49

OSAHS prevalence* 2 CSS R 8.88 (0.15 to 0.005 87.6
528.17)

Asthma prevalence®” 2 CSS F 1.69 (1.60t0 1.77) 0.64 0

IPF risk3® 8 CCS R 3.27(1.83t03.79) 0 89.2

OSAHS prevalence™ 1CCS;1CSS F 1.53 (1.00t0 2.36)  0.25 25

Continued

~
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Table 2 Continued

Association between Number of  Effect P value of
Subgroup classification GORD and* studies model OR (95% Cl) Q test 12 (%)
Australians OAC prevalence®! 1 CCS NA 5.48 (4.23t07.10) NA NA
Canadians IPF risk®® 1 CCS NA 0.90 (0.30t02.69) NA NA
Africans IPF risk® 1 CCS NA 10.52 (2.27 to 48.76) NA NA

BO, Barrett’s oesophagus; CCS, case-controlled studies; CRS, chronic rhinosinusitis; CSS, cross-sectional study; GORD,
gastro-oesophageal reflux disease; IPF, idiopathic pulmonary fibrosis; NAFLD, non-alcoholic fatty liver disease; OAC,
oesophageal adenocarcinoma; OSAHS, obstructive sleep apnoea-hypopnoea syndrome.

with caution. Although certainties of evidence for these
associations were graded ‘low’ or ‘very low’, they might
still provide ideas for clinicians. Therefore, more well-
documented research studies should be conducted to
confirm these associations.

In a previous review, Chen® summarised the findings
of primary studies and meta-analyses on the association
between GORD and non-digestive tract diseases. However,
that review only focused on the association between
GORD and non-digestive tract diseases and not that
between GORD and digestive tract diseases. Furthermore,
it was only a narrative review, not an umbrella review. The
methodological quality of meta-analyses and the certainty
of evidence of the existing evidence were not evaluated
in this study. Our umbrella review not only provides a
broad overview of the current existing evidence derived
from meta-analyses but also evaluates the methodological
quality of the published meta-analyses and the certainty
of their evidence.

Possible explanations

We found that GORD was positively associated with an
increased risk for nine diseases. However, all of the ORs
abstracted from the included meta-analyses were not
adjusted for confounders (eg, smoking and drinking).
Nevertheless, the influence of confounding factors on the
results cannot be ruled out, particularly in the analysis of
respiratory diseases (eg, IPF and COPD exacerbation).
Additionally, estimates with a very wide 95% CI, such as
the association between GORD and pharyngeal cancer
also affect the accuracy of evidence. Therefore, this asso-
ciation might be inconclusive.

High certainty of evidence was observed for the posi-
tive association between GORD and increased risk of
COPD exacerbation. Microaspiration of gastric contents
(eg, gastric acids, bile and pepsin) reflux may have an
important role in the development of this disease.”” A
previous study detected pepsin in the bronchoalveolar
fluid of all of the patients with COPD.” Interestingly,
pepsin levels in the lung could increase pulmonary
protein oxidation.”” Additionally, the trigger of COPD
exacerbations may be related to proximal acidic reflux,
and extensive proximal acidic reflux may contribute to
pulmonary oxidative stress.”” °*® A previous study demon-
strated an increase in protein oxidation in the lungs of
patients with GORD compared with healthy individuals.”’

Therefore, GORD may substantially contribute to inflam-
matory and oxidative damage in the lung.” In addition,
dysregulation of vagal nervous system induced by expo-
sure of gastric acids is also a major mechanism explained
the association between GORD and COPD exacerba-
tion.”” Simultaneously, abnormal breathing physiology in
patients promote the occurrence of GORD.” Both recur-
rent episodes of COPD and GORD require frequent use
of medications. The frequent application of f2-agonists
could exacerbate gastrio-oesophageal reflux. This situa-
tion results in a pathological vicious cycle.

Additionally, a high certainty of evidence showed that
GORD is associated with an increased prevalence of OAC,
particularly in individuals with daily GORD symptoms and
a symptom duration of at least 20 years. This association
may be explained by biological changes caused by gastric
contentreflux. Gastric contents (eg, bile acids, pepsin and
trypsin) promote interleukin-8 production from oesoph-
ageal epithelial cells that could induce epithelial cell
transformation and promote cancer cell proliferation.61 0
Additionally, a decrease in pH in the oesophagus plays an
important role in the occurrence of cancer.”” In previous
studies, oesophageal tissues are stimulated repeatedly by
the refluxate, causing oesophageal tissues to be repeated
damaged as well as inducing chronic inflammation,
thereby promoting the development of cancer.* %

The association between GORD and increased preva-
lence of CRS warrants further investigation. The certainty
of evidence was graded as moderate. A previous study
established that pepsin may potentiate CRS by damaging
mitochondria in nasal epithelial cells, which may explain
the mechanism of GORD that is associated with an
increase in CRS prevalence.”

Subgroup analyses showed that GORD increases the risk
of Barrett’s oesophagus in Americans, but not in Euro-
peans and Asians. Differences in lifestyle and ethnicity
might explain this difference. Associations without
significance also should be interpreted with caution.
Although GORDs were not associated with increased risk
of Barrett’s oesophagus in Europeans and Asians, these
associations might also suggest an association between
these two diseases because of the summary ORs of 3.00
and 1.62, respectively.**

This study demonstrated that 80% of the meta-
analyses had moderate to high heterogeneity (I* >50%).
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These sources of heterogeneity may be explained by
differences in the age of participants,” study design,”
ethnicity®™ ¥ *=2 % and diagnostic methods.”’ ** High
heterogeneity indicates that some associations may simply
be false positives or exaggerated.”” ®® Therefore, consid-
ering the substantial heterogeneity, only the associations
between GORD and higher risk of COPD exacerbations
and OAC development are genuine,” but this does not
mean that other associations are not true. We found
that two meta-analyses showed statistically significant
evidence of publication bias.*” * Publication bias favours
the reporting of significant positive results.” Therefore,
the association between GORD and asthma and NAFLD
should be interpreted with caution.

Strengths, limitations and future studies

This umbrella review has several strengths. It is the first to
systematically summarise the associations between GORD
and various diseases and to critically evaluate the meth-
odological quality of meta-analyses and the certainty of
existing evidence. The strength of an umbrella review has
been demonstrated in other articles.'’ 7’ In this review,
AMSTAR 2 was used to assess the methodological quality
of meta-analyses,'”” "' ™ and the GRADE system'* ”* was
adopted to evaluate the certainty of evidence. AMSTAR
2 and GRADE are validated tools, and their efficiency
and reliability have been exhibited in other published
studies.”"® Some defects of the existing published meta-
analyses were found throughout this umbrella review,
which may facilitate the improvement of future studies.
Our umbrella review also found gaps in evidence of the
associations between GORD and other diseases (eg, rheu-
matoid arthritis), which should be considered in future
studies.

This umbrella review also has several limitations. Although
AMSTAR 2 and GRADE are validated tools, the use of other
tools such as Confidence in the Evidence from Reviews
of Qualitative Research and Risk Of Bias In Systematic
reviews could have led to different conclusions regarding
the certainty of evidence. We only focused on existing and
published systematic reviews with meta-analyses on observa-
tional studies, which may have resulted in conclusion bias.
Evidence from individual observational studies was beyond
the scope of our discussion.*> We did not use 7° and 95%
prediction intervals to categorise heterogeneity; instead, we
used the Q test p value and the I” results, which might have
decreased the accuracy of the GRADE assessment. All the
primary studies included in the published meta-analyses
were case—control or cross-sectional studies, so the risk of
recall bias or selection bias could not be avoided. A large
effect size was found in some meta-analyses; all of them were
unadjusted for confounders (eg, body mass index, smoking,
abdominal obesity, frequent coughing, or frequent use of 32
agonists, or Helicobacter infection), which may have affected
the validity of the evidence. The small sample size and high
heterogeneity of meta-analyses may decrease the strength
and validity of evidence. The method of diagnosis of GORD
includes clinical history and questionnaires, proton pump

inhibitor trial, endoscopy and biopsy, pH-metry and ambu-
latory reflux monitoring.”” GORD is usually diagnosed by
symptoms. The latest studies have shown that the specificity
and specificity of GORD diagnosis by symptoms are 64.9%
and 71.4%, respectively.” Therefore, the diversity of diag-
nostic methods for GORD results might also decrease the
strength and validity of evidence. Lastly, we included the
largest and latest meta-analyses, but these might not have had
the highest certainty of evidence and thus might have influ-
enced the conclusions generated by this umbrella review.

Several factors should be considered in future studies
to achieve high certainty of evidence. Prospective cohort
studies on the associations between GORD and various
diseases with a larger sample size should be conducted in
the future using time-varying exposure (GORD duration,
control or treatment). Adjusting for confounders such as
age, sex, smoking status, body mass index, frequent use of 32
agonists and H. pylori infection may assist in rendering the
role of GORD in the development of these diseases much
clearer in future. Evidence from meta-analyses with publica-
tion bias should be reconfirmed in future studies. Most of
the meta-analyses had moderate to high heterogeneity, indi-
cating that associations could be inflated or may be false posi-
tives. Well-controlled primary studies should be conducted
to reduce the heterogeneity of meta-analyses. The associa-
tion with high heterogeneity should be further explored by
conducting meta-analyses with low heterogeneity. We found
gaps in evidence derived from systematic reviews and meta-
analyses on the associations between GORD and health
disorders in this umbrella review because meta-analyses
on those topics have not been performed. However, some
individual studies have described these associations despite
inconsistent conclusions.* > ™ Thus, future meta-analyses
should be conducted to confirm those findings and resolve
gaps in information.

CONCLUSIONS

This umbrella review systematically summarised the asso-
ciations between GORD and various diseases derived
from systematic reviews and meta-analyses and evaluated
their methodological quality of the meta-analyses and
the certainty of existing evidence. GORD is associated
with oesophageal adenocarcinoma, Barrett’s oesoph-
agus, NAFLD, CRS, laryngeal malignancy, OSAHS, IPF
and COPD exacerbation, but it is not associated with
the risk of pharyngeal cancer. There was high certainty
of evidence that GORD is a risk factor of COPD exacer-
bation and OAC. Further studies with systematic review
and meta-analyses of high methodological quality that
included prospective cohort studies with large sample
sizes and adjusted confounders are needed to confirm
these associations.
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1. Search strategy of PubMed
Search strategy conduct on Pubmed

(https://www-ncbi-nlm-nih-gov.ezproxy.lb.polyu.edu.hk/pubmed/advanced).

The searched time was from inception to February 22 2020.

Search strategy

Step Search Terms

1 Systematic Review [Publication Type]

2 Meta-Analysis [Publication Type]

3 systematic review[Title/Abstract]

4 meta-analysis[Title/Abstract]

5 meta analysis[Title/Abstract]

6 meta-analyses[Title/Abstract]

7 meta analyses|[Title/Abstract]

8 OR/1-7

9 Gastroesophageal Reflux[Mesh]

10 Gastric Acid Reflux[Title/Abstract]

11 Gastroesophageal Reflux[Title/Abstract]
12 Acid Reflux, Gastric[Title/Abstract]

13 Reflux, Gastric Acid[Title/Abstract]

14 Gastric Acid Reflux Disease|[Title/Abstract]
15 Gastro-Esophageal Reflux[Title/Abstract]
16 Gastro Esophageal Reflux[Title/Abstract]
17 Gastro-Esophageal[Title/Abstract]

18 Gastroesophageal Reflux Disease[Title/Abstract]
19 GERD(Title/Abstract]

20 Reflux, Gastroesophageal[Title/Abstract]
21 Esophageal Reflux[Title/Abstract]

22 Gastro-oesophageal Reflux[Title/Abstract]
23 Gastro oesophageal Reflux|[Title/Abstract]
24 Reflux, Gastro-oesophageal[Title/Abstract]
25 OR/9-24

26 8 AND 25

2. Search strategy of Embase

Search strategy conduct on Embase

(https://www-embase-com.uchile.idm.oclc.org/#advancedSearch/resultspage/history.10/page.1/

25.items/orderby.date/source). The searched time was from inception to February 22 2020.
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Search strategy

Step Search Terms

1 ‘Systematic Review’ (topic)

2 ‘Meta-Analysis’ (topic)

3 ‘systematic review’ (ab,ti)

4 ‘meta-analysis’ (ab,ti)

5 ‘meta analysis’ (ab,ti)

6 ‘meta-analyses’ (ab,ti)

7 ‘meta analyses’ (ab,ti)

8 OR/1-7

9 ‘Gastroesophageal Reflux’ (topic)
10 ‘Gastric Acid Reflux’ (ab,ti)

11 ‘Gastroesophageal Reflux’ (ab,ti)
12 ‘Acid Reflux, Gastric’ (ab,ti)

13 ‘Reflux, Gastric Acid’ (ab,ti)

14 ‘Gastric Acid Reflux Disease’ (ab,ti)
15 ‘Gastro-Esophageal Reflux’ (ab,ti)
16 ‘Gastro Esophageal Reflux’ (ab,ti)
17 ‘Gastro-Esophageal’ (ab,ti)

18 ‘Gastroesophageal Reflux Disease’ (ab,ti)
19 ‘GERD’ (ab,ti)

20 ‘Reflux, Gastroesophageal’ (ab,ti)
21 ‘Esophageal Reflux’ (ab,ti)

22 ‘Gastro-oesophageal Reflux’ (ab,ti)
23 ‘Gastro oesophageal Reflux’ (ab,ti)
24 ‘Reflux, Gastro-oesophageal’ (ab,ti)
25 OR/9-24

26 8 AND 25

3. Search strategy of Web of Science

Search strategy conduct on Web of Science

(http://apps.webofknowledge.com/WQOS AdvancedSearch input.do?product=WOS&search mod
e=AdvancedSearch&replaceSetld=&goToPageloc=SearchHistoryTableBanner&SID=C1XjvJRYFg3yf
rG96ao&errorQid=50#SearchHistoryTableBanner). The searched time was from inception to
February 22 2020.

The search formula of Web of Science was as follow:

TS=( Gastric Acid Reflux OR Acid Reflux, Gastric OR Reflux, Gastric Acid OR Gastric Acid Reflux
Disease OR Gastro-Esophageal Reflux OR Gastro Esophageal Reflux OR Reflux, Gastro-Esophageal
OR Gastroesophageal Reflux Disease OR GERD OR Reflux, Gastroesophageal OR Esophageal
Reflux OR Gastro-oesophageal Reflux OR Gastro oesophageal Reflux OR Reflux,
Gastro-oesophageal) AND TS=(meta-analyses OR meta analyses OR meta-analysis OR meta
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analysis OR systematic review) AND (PY=1990-2020)

4. Search strategy of Cochrane Database of Systematic Reviews
Search strategy conduct on Cochrane Database of Systematic Reviews
(https://www-cochranelibrary-com.ezproxy.anzca.edu.au/advanced-search/search-manager).The

content type was limited by Cochrane Reviews. The searched time was from inception
to February 22 2020.

Search strategy

Step Search Terms

1 MeSH descriptor: [Meta-Analysis as Topic] explode all trees
2 MeSH descriptor: [Systematic Reviews as Topic] explode all trees
3 "meta-analysis":ti,ab

4 "meta analysis":ti,ab

5 "meta-analyses":ti,ab

6 "meta analyses":ti,ab

7 "systematic review":ti,ab

8 OR/1-7

9 MeSH descriptor: [Gastroesophageal Reflux] explode all trees
10 "Gastric Acid Reflux":ti,ab

11 "Gastroesophageal Reflux":ti,ab

12 "Acid Reflux, Gastric":ti,ab

13 "Reflux, Gastric Acid":ti,ab

14 "Gastric Acid Reflux Disease":ti,ab

15 "Gastro-Esophageal Reflux":ti,ab

16 "Gastro Esophageal Reflux":ti,ab

17 "Gastro-Esophageal"ti,ab

18 "Gastroesophageal Reflux Disease":ti,ab

19 "GERD":ti,ab

20 "Reflux, Gastroesophageal":ti,ab

21 "Esophageal Reflux":ti,ab

22 "Gastro-oesophageal Reflux":ti,ab

23 "Gastro oesophageal Reflux":ti,ab

24 "Reflux, Gastro-oesophageal”:ti,ab

25 OR/9-24

26 8 AND 25

5.  Search strategy of CNKI

Search strategy conduct on CNKI
(https://kns.cnki.net/kns/brief/result.aspx?dbprefix=SCDB&crossDbcodes=CJFQ,CDFD,CMFD,CPF
D,IPFD,CCND,CCJD). The searched time was from inception to February 22 2020.
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The search formula of CNKI was as follow:
SU=('meta 73T+ KA VN '+ RALER + ZF 50 ('B &8 RN+ R &5 R+ B
LR E R

6. Search strategy of Wangfang database
Search strategy conduct on Wanfang database
(http://www.wanfangdata.com.cn/searchResult/getAdvancedSearch.do?searchType=#a 001)

The searched time was from inception to February 22 2020.

The search formula of Wangfang database was follow:

FH: ("meta SPHT" + "RGIFN" + " RGLHR" + "SR * (" E B RAUE" + "SRR
PEECRE 407 + "BERAPE TR A7)
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Supplemental Table S1: the excluded articles reviewed by full text

Excluded articles

Excluded reasons

Dent J,2013"

Review without meta-analyses

Pacw F, 2008'¢

Review without meta-analyses

San Giorgi MRM, 20167

Review without meta-analyses

Picos A, 20188

Review without meta-analyses

Firouzei MS, 2011"°

Review without meta-analyses

Smits MJ, 2014%

Review without meta-analyses

Hershcovici T, 20117

Review without meta-analyses

Weaver EM*?

Review without meta-analyses

Eusebi LH, 2018%

GERD was not as exposure

Niu X, 2018

GERD was not as exposure

Sun X, 2015%

GERD was not as exposure

Niigaki M, 2013

GERD was not as exposure

Corley DA, 2006*

GERD was not as exposure

Lovell RM, 20122

GERD was not as exposure

Niu X, 20183 GERD was not as exposure
Wang TX, 2016°! GERD was not as exposure
Sakae TM,30133? GERD was not as exposure
Lauriti G, 2018 Not largest and latest meta-analyses
Taylor JB,2010° Not largest and latest meta-analyses
Taylor JB,2009% Not largest and latest meta-analyses

Magliulo G, 2018

Not largest and latest meta-analyses
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Supplemental Table S2: Results of methodological quality for included meta-analyses

Details of AMSTAR2 criterion Included meta-analyses

Havemann, Rubenstein, Taylor, Huang, Zhang, Wijarnpreecha, Leason, Parsel, Wu, Bedard

2007 2010 2010* 2020°° 2014 2017 2017 2019 2019+ Methot, 2019°
Item1: Did the research questions and inclusion criteria for the review include the | yes yes yes yes yes yes yes yes yes yes
components of PICO?
Item2: Did the report of the review contain an explicit statement that the review | no no yes no yes yes no yes yes yes

methods were established prior to the conduct of the review and did the report justify
any significant deviations from the protocol?

Item3: Did the review authors explain their selection of the study designs for | yes yes yes yes yes yes yes yes yes yes

inclusion in the review?

Item4: Did the review authors use a comprehensive literature search strategy? partial yes yes yes partial yes yes partial partial yes yes
yes yes yes

Item5: Did the review authors perform study selection in duplicate? yes yes yes yes yes yes yes yes yes yes

Item6: Did the review authors perform data extraction in duplicate? yes yes yes yes yes yes yes no yes yes

Item7: Did the review authors provide a list of excluded studies and justify the | yes yes yes yes yes yes yes yes yes yes

exclusions?

Item8: Did the review authors describe the included studies in adequate detail? yes yes yes yes yes yes yes yes yes yes

Item9: Did the review authors use a satisfactory technique for assessing the risk of | no no no yes no yes no yes yes yes

bias (RoB) in individual studies that were included in the review?

Item10: Did the review authors report on the sources of funding for the studies | no no no no no no no no no no

included in the review?

Item11: If meta-analysis was performed, did the review authors use appropriate | yes yes yes yes yes yes yes yes yes yes

methods for statistical combination of results?

Item12: If meta-analysis was performed, did the review authors assess the potential | no yes yes yes yes yes no yes yes yes

impact of RoB in individual studies on the results of the meta-analysis or other
evidence synthesis?

Item13: Did the review authors account for RoB in primary studies when | yes yes yes yes yes yes yes yes yes yes
interpreting/discussing the results of the review?

Item14: Did the review authors provide a satisfactory explanation for, and | no yes yes yes yes yes yes yes yes yes
discussion of, any heterogeneity observed in the results of the review?

Item15: If they performed quantitative synthesis did the review authors carry out an | yes no yes yes yes yes no yes no yes

adequate investigation of publication bias (small study bias) and discuss its likely
impact on the results of the review?

Item16: Did the review authors report any potential sources of conflict of interest, | yes yes yes yes yes yes yes yes yes yes

including any funding they received for conducting the review?

Overall quality assessment critically critically low low low high critically | moderate | low high
low low low
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Supplemental Table S3:

Results of GRADE assessment of the evidence certainty on the association between GERD and diverse diseases

Included Association between GERD and Downgrade factors Upgrade factors Certainty of the
meta-analyses Risk of bias  Inconsistency Indirectness Imprecision Publication bias Large effect Plausible ~ confounding ~evidence
would change the effect

Havemann,2007°’ Asthma prevalence 0 120 0 0 11e 1f ht very low
Rubenstein, 2010* OAC prevalence 0 0 0 0 0 M1f t high
Taylor, 2010* Barrett's oesophagus prevalence 0 12° 0 0 0 M1f ht low
Huang, 2020 COPD exacerbation risk 0 0 0 11 0 128 e high
Zhang, 2014* Pharyngeal cancer prevalence 11e 12° 0 1 0 M1f t very low
Wijarnpreecha, NAFLD 0 120 0 0 11e e 1t very low
20174

risk
Leason, 2017 Chronic rhinosinusitis prevalence 0 L1 0 0 0 e e moderate
Parsel, 2019 Laryngeal malignancy risk 112 12° 0 0 0 1f 11h very low
Wu, 2019 OSAHS prevalence 11 L1 0 0 0 0 11h very low
Bedard Methot IPF risk Le 120 0 0 0 e t very low
,2019%°

Footnotes: Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; GERD, Gastroesophageal Reflux Disease; OAC, Oesophageal adenocarcinoma; NAFLD, Nonalcoholic fatty liver disease; OSAHS, Obstructive sleep apnea hypopnoea
syndrome; IPF, Idiopathic pulmonary fibrosis; |1, the certainty of the evidence was downgraded by 1 level; |2, certainty of the evidence was downgraded by 2 levels; 11, certainty of the evidence was upgraded by 1 level; 12, certainty of the

evidence was upgraded by 2 levels; a: existing risk of bias; b: I? value >75%; c: I? value 50%-75%; d: large 95% confidence interval or sample size less than 300; e: existing publication bias; f: the effect was large (OR >2.0); g: the effect was

large (OR >5.0); h: unadjusted for confounders.
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