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ABSTRACT

Background & Aims: Dyspepsia and gastro-esophageal reflux are higleyalent in the
general population, but they are believed to baisgp entities. We conducted a systematic
review and meta-analysis to estimate the prevalehdgspepsia in individuals with gastro-
esophageal reflux symptoms (GERS), and to quantéylap between the disorders.
Methods: We searched MEDLINE, EMBASE, and EMBASE Classatathases to identify
population-based studies reporting the prevalendysgepsia and GERS in adults, defined
using specific symptom-based criteria or basednsmwars to questionnaires. We calculated
pooled prevalence values, according to study lonand criteria used to define weekly
GERS or dyspepsia, as well as odds ratios (OR#§)%%6% Cls. The degree of overlap
between dyspepsia and GERS was examined.

Results Of 14,132 papers evaluated, 79 reported prevalehweekly GERS. Nineteen of
these study populations, comprising 111,459 paditis, also reported the proportion of
individuals with dyspepsia. The prevalence of dpsgeein individuals with weekly GERS
was 43.9% (95% ClI, 35.1-52.9%). The pooled OR yspdpsia in individuals with weekly
GERS, compared with those without, was 6.94 (95%@3B to 11.1). The OR for dyspepsia
in individuals with weekly GERS was significantligher in all geographical regions studied
and for all diagnostic criteria. The pooled degvEeverlap between dyspepsia and GERS
was 25.9% (95% Cl, 19.9%—32.4%).

Conclusion The odds of dyspepsia in individuals with weekERS is almost 7-fold that of
individuals without GERS; dyspepsia and GERS opeirlamore than 25% of individuals.
Reasons for this remain speculative, but mightuidelshared pathophysiological
mechanisms or residual confounding factors. Howepestients with GERS should be

guestioned about co-existent dyspepsia, to optitnegment approaches.
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INTRODUCTION

Gastro-esophageal reflux and dyspepsia are botimoconeconditions in the general
population, with an overall pooled prevalence giragimately 15% and 21% respectivély.
2 Gastro-esophageal reflux is characterized by reffistomach contents into the esophagus,
causing troublesome symptoms. Typical symptomsideheartburn, regurgitation, and
chest pairi. The proposed pathogenesis of GERS is multifaaitdricluding lower
esophageal pressure abnormalities, lower esophggeicter relaxation, hiatus hernia,

delayed gastric emptying, and visceral hypersaetisit

Dyspepsia refers to any symptom felt to originatenfthe gastroduodenal region,
according to the Rome Criteffd! The presence of peptic ulcer disease, or raradyrga
esophageal malignancy, may cause symptoms of dsispéfowever, most individuals will
have no structural explanation for their symptomd will be labelled as having functional
dyspepsid? There are numerous mechanisms implicated in ttf®panesis of functional
dyspepsia? some of which are common to GERS, including viakkypersensitivity and
delayed gastric emptying:*® Other proposed mechanisms for functional dyspepslade
impaired fundal accommodation, abnormal central pabcessing, acute gastroenteritis, and

chronic infection wittHelicobacter pylori (H. pylori}.*°

Some studies have demonstrated an overlap betweB$@nd dyspepsfa.?
However, it is not known whether this overlap oscly chance because they are both
common disorders, or whether they share commorophgisiology or potential confounding
factors, such as psychological factors or highlkewésomatization. To date, there has been
no study that synthesizes all available data inrai@estimate the prevalence of dyspepsia in
individuals with GERS. To inform future researchpmwtential shared pathophysiological

mechanisms, it is important to estimate the sttenfassociation between the two
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conditions, and whether this association remamisistdepending on the criteria used to
define these conditions, as well as geographidilmeaTherefore, we have conducted a
systematic review and meta-analysis of all avadgdapulation-based cross-sectional
surveys, to estimate the prevalence of dyspepsrainiduals with GERS compared with

those without, and to determine the degree of apdretween the two conditions.
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METHODS

Search Strategy and Study Selection

A literature search was performed using EMBASE CBASand EMBASE (1947 to
September 2016), and MEDLINE (1948 to Septembe6Bilorder to identify only cross-
sectional surveys published in full. The studied tareport the prevalence of GERS and
dyspepsia in adults (aged5 years). Studies were required to recruit padicis from the
general population or community. Studies reportiata from convenience samples, such as
those attending screening clinic health check-upsjersity students, or employees at an
institution were ineligible. To be eligible, studikad to recruit50 participants and report
prevalence of both weekly GERS and dyspepsia witlersame study population. These
eligibility criteria, which were defined prospectiygare provided in Box 1.

The medical literature was searched using the fatigwerms:heartburn GERD,
gastro-esophageal reflux diseagastro-esophageal reflugsophageal reflugoth as a
medical subject heading (MeSH) and free text teamiyj regurgitation GORD orupper
gastrointestinal symptontas free text terms). These were combined usinggheperator
AND with studies identified with the termgrevalenceincidence or frequencyboth as
MeSH and free text terms), proportion(as a free text term). The resulting abstractewer
screened for potential suitability by two investma, and those that appeared relevant were
retrieved and examined in detail. There were nguage restrictions. Foreign language
articles were translated, where required. A regarsearch of the bibliographies of all
articles was performed. Where there appeared touigple study reports from the same
group of subjects, we contacted the authors tafgldms issue. Eligibility assessment was
performed independently by two investigators, ugiregdesigned eligibility forms, with

disagreements resolved via a third investigator.
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Data Extraction

Data were extracted independently by two inveshigabn to a Microsoft Excel
spreadsheet (XP professional edition; MicrosoftiiRend, WA, USA), again with any
discrepancies resolved via a third investigatoe fidilowing data were collected for each
study: year(s) conducted, country and geographecabn, method of symptom data
collection, criteria used to define GERS, critarsaed to define dyspepsia, number of subjects
providing complete data, number of subjects witlekiye GERS, number of subjects with
dyspepsia, and number of subjects meeting theieriter dyspepsia among those with or
without weekly GERS. We assessed quality of thatiled and included studies using an
adapted version of published, non-validated, dstfar prevalence studies such as tHése.
Studies are graded according to eight methodolbgittaria, with a total possible score from
0 to 8. No threshold was recommended by the autbaisfine a high-quality study, but we
used a score ofb.

The degree of overlap between the two conditiors examined by extracting the
total number of individuals who met the criteria bmth GERS and dyspepsia
simultaneously, for each study, and expressingaia proportion of the total number of
subjects who reported symptoms compatible with eitbadition. We studied the effect of

varying the definitions of GERS or dyspepsia ondbgree of overlap observed.

Data Synthesis and Statistical Analysis

The proportion of individuals with dyspepsia wasntined for all studies according
to presence or absence of weekly GERS. The presalgidyspepsia in those with and
without weekly GERS was then compared using an oatits (OR) with a 95% confidence
interval (Cl). Heterogeneity between studies waessed using thé sdtatistic, with a cut off

of 50%, and thg2 test with a P value <0.10, used as the thredbolstatistically significant
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heterogeneity? We planned to conduct subgroup analyses accotdiggographical region,
diagnostic criteria used to define weekly GERS, diagnostic criteria used to define
dyspepsia, to examine whether this had any effethe ORs for dyspepsia in individuals
with weekly GERS compared with those without.

Data were pooled using a random effects modele gimore conservative estimate
of the prevalence of, and the odds of, dyspepsiadividuals with weekly GERS’
StatsDirect version 2.7.2 (StatsDirect, Sale, CinesiEngland) was used to generate Forest
plots of pooled prevalences and pooled ORs with @385 Evidence of publication bias was
assessed for by applying Egger’s test to funnebmbORS’° where a sufficient number of
studies ¥10) were availablé’ The degree of overlap between the two conditioas w
examined, whilst varying the specific diagnostitecia used for weekly GERS or dyspepsia,
where more than one study existed for each dedfmitby comparing the number of
individuals meeting criteria for both conditionsaproportion of all individuals meeting

criteria for either condition using)@-test.
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RESULTS

The search strategy identified 14,132 citationsenithese we identified 365 that
appeared to be relevant to the study questionh€fet, there were 79 separate adult study
populations reporting the prevalence of weekly GE&Svhich 19 also reported the
proportion of individuals with dyspepsia (Figure’1}®**Agreement between investigators
for assessment of study eligibility was perfeestatistic = 1.0). Detailed characteristics of
all included studies are provided in Table 1. Exdepthe article by Reshetnikov et®lthat
was written in Russian, all other included studiese published in English language.
Individual quality items for each of the includdddies are provided in Supplementary Table
1. Ten studies achieved a scorebfusing these quality criterfa. 3338 4244

The 19 included studies contained 111,459 subjectsv@re geographically diverse,
with 8 studies from Europ&; 3% 3¢ 37394344 r from Asia®* % ** “four from North
America?! ?8 3% 33nd one each from the Middle E&SBustralasie;, and South Americ¥
Six studies defined weekly GERS using the Montragria’ 3 4% 42 43 3ix the bowel
disease questionnaift 2439 32 3>four the Mayo reflux questionnaité *¢ ****and three
another validated questionnaife>* **There was a wide variation in the prevalence of
weekly GERS, which ranged from 3.1%t0 34.4%* within the 19 included study
populations. The pooled prevalence of weekly GERS $65.4% (95% CI 12.5% to 18.6%),
with statistically significant heterogeneity betwestudies @ = 99.4%, P < 0.001).

In terms of the definition of dyspepsia used, theege four studies that used the
Rome | criterig,” ** % 3%our the Rome Il criterid> **“*°five the Rome IlI criterig; 3% 4% 4%
> three defined presence of dyspepsia accordinuetdiayo reflux questionnaire (which
defines dyspepsia using questions extracted dyréotin the previously validated bowel
disease questionnair®)** “*and three used another validated questionf&ite3* The

prevalence of dyspepsia reported by included ssugieged from 2.495 to 48.49%6>* with a
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pooled prevalence of 17% (95% CI 13.4% to 20.9%ajrawith statistically significant

heterogeneity between studies%199.6%, P < 0.001).

Prevalence of Dyspepsia in Individuals with Weekf\GERS Compared with Individuals

without Weekly GERS, Regardless of Diagnostic Critéa Used

The prevalence of dyspepsia in subjects with weGHRS varied from 6.5% to
86.3%>* with a pooled prevalence of 43.9% (95% CI 35.1%2®%). There was significant
heterogeneity between studies<198.7%, P < 0.001). The prevalence of dyspepsia i
individuals without weekly GERS varied from 0.8%40 33.1%’ with a pooled prevalence
of 11.7% (95% CI 9.0% to 14.6%), again with sigrafit heterogeneity between studiés(l
99.4%, P < 0.001). The pooled OR for dyspepsiadividuals with weekly GERS,
compared with those without, was 6.94 (95% CI 483381.1, f = 98.6%, P < 0.001, Figure
2), with no evidence of funnel plot asymmetry (Eog@gst, P = 0.17).

A subgroup analysis was performed according to iggabgcal location of the studies
(Table 2), without revealing any obvious explanmatior the heterogeneity observed between
studies. The odds of dyspepsia in those with weGHRS, compared with those without,
remained significantly higher in all these analy3dse OR was highest in the study

conducted in Middle East and lowest in the SoutreAoan study.

Prevalence of Dyspepsia in Individuals with Weekf\GERS Compared with Individuals

without GERS, According to Diagnostic Criteria Used

A further subgroup analyses was conducted accotditize diagnostic criteria used
to define weekly GERS or dyspepsia (Table 2). Wirérria for weekly GERS were

examined individually, there were no obvious cadsethe heterogeneity observed between
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studies, although heterogeneity was somewhat laien the bowel disease questionnaire
was used. The OR was higher when the Montreakieiteere used (OR = 7.20; 95% CI 4.02
to 12.9, f = 96.3%, P < 0.001), but were highest in studies tised another validated
questionnaire to define the presence of weekly GERS= 10.4; 95% CI 4.97 to 21.6,3
93.1%, P < 0.001).

When criteria used to define dyspepsia were exainihere was still significant
heterogeneity detected between studies regardiegsich criteria were used. The OR was
highest when the Rome Il criteria were used torgethe presence of dyspepsia (20.6; 95%
Cl1 6.86 to 61.6,2= 99.4%, P < 0.001), and lowest when the Mayairefluestionnaire was

used to define dyspepsia (2.48; 95% CI 1.31 t0,4°6990.3%, P < 0.001).

Degree of Overlap Between Dyspepsia and Weekly GERS

The degree of overlap between weekly GERS and ggspearied from 3.8 to
55.9%>* with a pooled value of 25.9% (95% Cl 19.9% to 32,4 = 98.6%, P < 0.001).
When specific diagnostic criteria for weekly GER&r&vapplied, using any definition of
dyspepsia, the degree of overlap was lowest whebdkvel disease questionnaire was used
(22.0%), and highest when the Mayo reflux questam@was used (42.6%). This difference
was statistically significant® = 240.1, P < 0.001). When specific diagnostiteda were
used for dyspepsia, applying any definition of wg€kERS, overlap was lowest when the
Rome Il criteria were used to define presence spdpsia (17.0%), and highest when the
Rome Il criteria were used (28.9%). This diffeczerwas also statistically significan®(=

125.2, P < 0.001).
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DISCUSSION

This systematic review and meta-analysis has delledata from all available and
identified population-based cross-sectional survepsrting the prevalence of dyspepsia
according to the presence of GERS. We have denabedta prevalence of dyspepsia in
individuals with weekly GERS almost seven-fold th&individuals without GERS. The
positive association between dyspepsia and weekiR&remained according to all
geographical locations examined. The positive aason between the two persisted for
almost all definitions of GERS and each definitadrdyspepsia used, although the degree of
association varied considerably in these analydes pooled OR for dyspepsia in individuals
with weekly GERS was highest when the GastroimabsBymptom Rating Scafé or the
Leeds Dyspepsia Questionnaitevere used to define GERS, and when the Romeiiériz
were used to define dyspepsia. The degree of qvbdawveen GERS and dyspepsia varied
between 3.8% and 55.9%, depending on the diagnogcia used to define each condition.
Higher amounts of overlap were found when GERS wésed according to the Mayo
reflux questionnaire, and when presence of dyspepas defined according to Rome llI
criteria.

We used rigorous methodology and a contemporarigetsture search, which
allowed the pooling of data from more than 100,b@0viduals. Judging of study eligibility
and data extraction were carried out by two ingestirs independently, with discrepancies
resolved by consensus. Foreign language articles also included, after translation. A
random effects model was used to pool data, inrdcdprovide a more conservative estimate
of the pooled OR for dyspepsia in GERS. We alsesssx] for evidence of publication bias,
or other small study effects, by testing funnel pliotr obvious asymmetry. Finally, we
limited studies to those based in the general @tjom, and excluded those conducted among

convenience samples, which should reduce theli&etl that the reported prevalence of
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either GERS or dyspepsia were inflated, and tha igtorted should therefore be

generalisable to individuals in the community.

Limitations of this study include the fact that@lO out of 19) of the studies we
identified scored 3 or less (of a possible totaks®f 6) on the quality scale we uséd,
although this has not been validated, and theme iecommendation as to what threshold
should be used to define higher-quality studiesc&the included studies were mainly
observational, the majority of the subjects wereraqtiired to undergo upper endoscopy as
part of the studies, thus dyspepsia in these swdas mostly uninvestigated, rather than
truly functional, despite the use of various itemas of the Rome criteria in many studies.
Moreover, the methods and criteria used to defresgnce of GERS and dyspepsia varied
between individual studies, according to both freguyeand duration of symptoms in some
instances. In order to minimize this variation, weluded only studies that reported a weekly
prevalence of GERS and, in addition, we performdzysoup analyses according to criteria
used to define dyspepsia and GERS, as well as ggloigal location. However, significant
heterogeneity between studies persisted in mabieske analyses. The reasons for the
heterogeneity are therefore speculative and, dkizer subtle differences in the diagnostic
criteria used, may include other demographic otucal differences between study
populations, including ethnicity, which it was rpmissible to examine using the data
available for extraction. Another limitation is thaucity or absence of studies reporting the
prevalence of GERS and dyspepsia for some geogapkigions, such as the Middle East,

Central and South America, and Africa.

Although most subjects in the studies identifiethis systematic review and meta-
analysis had symptoms that could be classifiedthereéGERS alone or dyspepsia alone, our

results still demonstrate that, in almost halfrede individuals, there was overlap between
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the two conditions, and that individuals with GER&evat significantly increased risk of co-
existent dyspepsia. These data suggest that thilap\ad dyspepsia and GERS is not
explained by chance alone, although the reasortkigoverlap cannot be elucidated by a
study such as ours. Although the pathophysiologyotiht GERS and dyspepsia has been
studied extensively, there has been little resetirahhas focused specifically on patients
with both of these disorders. The two disease$rageiently chronic, and may share
pathophysiological mechanisms, including viscesgddisensitivity and altered
gastrointestinal (GI) motility™ *® *’In particular, impaired gastric accommodation is
considered to play important role in the pathogsnafsfunctional dyspepsia, and has been
found in approximately 40% of cas®¥sGastric wall tension and antral over-distensian ar
among the main mechanisms involved in generatisgelytic symptoms. Moreover,
prolonged postprandial gastric distention and iaseel basal intragastric pressure lead to an
increased gastro-esophageal pressure gradientirfg\apontaneous reflux. Therefore, since
impaired gastric accommodation has also been regphart25-40% of patients with GERD,
gastric motility issues could explain some of thertap of GERS and dyspepsia that we

observed?

In addition, acid-related mechanisms have beeniderel to play an important role
in patients with overlapping functional dyspepsid &eartburn. Several studies have
reported that a subgroup of patients with functialygpepsia have pathological acid reflux,
based on abnormal 24-hour esophageal pH monitdtiAtAn important role has also been
attributed to psychological factors, and high levafl somatization, in particular depression,
anxiety, and insomnia appear to predict symptontlapeetween dyspepsia and GERS.
This has led some authors to suggest that theagvgrbup may represent a distinct
syndromé&? **Moreover, not all patients reporting presence aftieirn suffer from gastro-

esophageal reflux disease (GERD). Savaginal. studied a cohort of patients with GERS,
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but normal upper Gl endoscopy. All patients undentvzl-hour pH-impedance monitoring
and the symptom association probability (SAP) ypidal esophageal symptoms was
calculated for each subject. One-quarter of theeptst were classified as having functional
heartburn (negative pH-impedance study and SAP)tlas® patients showed significantly
higher rates of dyspeptic symptoms compared witlepis with a positive pH-impedance
study and/or positive SAP. This led the authorsaioclude that functional heartburn seemed

to have more in common with functional dyspepsanttvith non-erosive GERF5.

The role ofH. pylori has been widely investigated in the pathogend$sth
dyspepsia and reflux disease. The infection seernause dyspeptic symptoms in some
individuals, as confirmed by epidemiological stsdfe>3and most of all by. pylori
eradication studies. Indeed, in infected patients uninvestigated or functional dyspepsia,
H. pylori eradication produces long-term relief of dyspepsiabout 10% of patients
compared with placeb.0n the contrary, at a population level, pylori infection is
negatively associated with GERS, and also withr theguelae, such as Barrett’'s esophagus
and esophageal adenocarcinothd;nevertheless, its eradication seems neither tsecaor
exacerbate reflux diseagemong the studies included in our meta-analysis; twio
reported the overall prevalencetdf pylori infection in their study population, with rates
ranging from 27.7% in the UR to 57.7% in Italy*® Two other studies reported partial data
onH. pylori infection®” *°but the majority of studies analyzed symptom daesgires

without evaluating the infection status of includedividuals.

Other genetic and pathophysiological risk factoes/miffer according to ethnicity,
and this could lead to differences in the co-eristeof GERS and dyspepsia according to
geographical region. Nevertheless, with the exoeptf the single study performed in

Middle East reporting an OR of 78.2, the subgronglyses examining this issue did not
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reveal any obvious underlying differences in thgrde of overlap between the two
conditions, with ORs ranging from 6.23 in Asia t@%in Europe, whereas ORs for
dyspepsia in subjects with GERS of lesser magniuete found in South America and

Australasia, although only two studies reporteddiatm these regions.

We also conducted subgroup analyses accordingetoriteria used to define each
condition. We expected these to lead to a reduatitveterogeneity between studies, due to a
more uniform definition of each of the two disorslddowever, this was not the case,
although a lower amount of heterogeneity was sedsmvgtudies that used the Rome | and Il
criteria to define the presence of dyspepsia weadga. We also found a lower OR for
dyspepsia in GERS when the Mayo reflux questioenaas used to define dyspepsia.
However, this questionnaire was primarily desigteemtlentify individuals with GERS, and
considers only a limited range of symptoms fordlagnosis of dyspepsia (pain or aching in
the upper abdominal area only) compared with theemmadely accepted Rome criteria.
Therefore, using this questionnaire in the comnyumiay have underestimated the true

prevalence of dyspepsia.

These methodological differences reflect the comipief defining dyspepsia in the
community, which is echoed by an evolution of tremte criteria over the years. Within the
Rome Il criteria functional dyspepsia was definegain or discomfort centered in the upper
abdomen, with no emphasis given to meal-relatecogyms** From Rome Ill onwards,
different symptom clusters based on meal-inducedhagal-unrelated symptoms have been
introduced, distinguishing between postprandiaress syndrome and epigastric pain
syndrome, with the aim being to create more homogempatient group. The Rome IlI
criteria also highlighted the issue that any oyedaGERD with dyspepsia needs to be

carefully evaluated, in order to exclude from theggdosis of functional dyspepsia subjects
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with isolated/predominant GERS from the diagnos$iginctional dyspepsia. However, in a
study conducted in a primary care setting in Eurape Canada, which assessed the validity
of the Rome Il criteria to both distinguish betwesnd subgroup patients with upper Gl
symptoms undergoing upper Gl endoscopy and 484nidunonitoring>® 75% of patients

with confirmed GERD met criteria for functional ghepsia, and >50% with confirmed
functional dyspepsia reported GERS. The authorsladad that, even after exhaustive

investigation, discriminating between these two doas accurately was difficult.

Our meta-analysis only included studies that regubtihe overlap of GERS and
dyspepsia in the community, but studies from coramce samples also support our findings.
In a cross-sectional survey of Japanese patietetscang for upper Gl endoscopy, the overlap
between GERS and dyspepsia according to the Mdmkedaition and the Rome lll criteria
was 309 Similarly, Xiaoet al. evaluated consecutive dyspeptic patients whdledfihe
Rome Il criteria and who underwent upper Gl endpscand had ambulatory 24-hour pH
monitoring, confirming that evidence of pathologiaeid reflux was present in almost one-
third of patients with dyspepsia and, in particuthe prevalence was about 50% in those
with epigastric burnin§” Moreover, the PPI test had a limited ability tetitiguish those

with dyspeptic symptoms from those with GERD.

In conclusion, this systematic review and metaymisalhas demonstrated that the
prevalence of dyspepsia in individuals with GER&lmost seven-fold that of subjects
without GERS, and that there is overlap betweernwieconditions in up to one-quarter of
individuals. Making a diagnosis of GERD versus dyspa based on upper Gl symptoms
alone is difficult, and even when investigations erquested in an attempt to further
delineate these two patient groups, overlap psrsiste reasons for this remain speculative,

but may include shared pathophysiological mechasisnother demographic features that
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are associated with both conditions.
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Box 1: Eligibility Criteria

Cross-sectional surveys

Recruited adults (>90% of participants agd® years)

Participants recruited from the general populatioommunity*

Reported prevalence of both dyspepsia and gastyahageal reflux-type symptoms within
the same study population (according to a quesdio@nor specific diagnostic criteriat)

Sample size 050 participants

*Convenience samples excluded
T For dyspepsia, these included the Rome I, llll @riteria. For gastroesophageal reflux

symptoms (GERS), these included the Montreal caiter
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FIGURES
Figure 1. Flow Diagram of Assessment of Studies Identifiethm Systematic Review and

Meta-analysis.

Figure 2. Pooled Odds Ratio for Dyspepsia in Those with We&8&RS Compared with

Those without GERS.



Table 1. Characteristics of Included Studies.

Author and Country Method of data Criteria used to define Criteria used to Total no. No. with No. with Total quality
publication year collection weekly GERS define dyspepsia | of patients weekly dyspepsia (%) score
(ref) GERS (%) (maximum of 6)
Talley 1994% USA Postal Bowel Disease Bowel Disease 919 100 (10.9) 200 (21.8) 2
questionnaire Questionnaire Questionnaire
Talley 1998% Australia Postal Bowel Disease Rome | 774 168 (21.7 92 (11.9) 2
questionnaire Questionnaire / Bowel
Symptom Questionnaire)
Locke 2000° USA Postal Bowel Disease Rome | 643 128 (19.9 89 (13.8) 3
questionnaire Questionnaire
Moayyedi 2000* UK Interview- Leeds Dyspepsia Leeds Dyspepsia 8404 1289 (15.3 954 (11.4) 1
administered Questionnaire Questionnaire
questionnaire
Hu 2002 China Telephone Bowel Disease Rome | 1649 79 (4.8) 304 (18.4) 3
interview Questionnaire
Chiocca 2005% Argentina Postal Mayo Reflux Mayo Reflux 837 194 (23.2) 257 (30.7) 3

questionnaire

questionnaire

Questionnaire




Papatheodoridis Greece Face-to-face | Gastrointestinal Symptom Gastrointestinal 700 241 (34.4) 339 (48.4)
2005%* interview Rating Scale Symptom Rating
Scale
Choung 2007°°* USA Postal Bowel Disease Rome I 2273 411 (18.1 351 (15.4)
questionnaire Questionnaire
Kitapcioglu 2007 Turkey Face-to-face Mayo Reflux Mayo Reflux 630 126 (20) 180 (28.6)
% interview questionnaire Questionnaire
Reshetnikov 2009 Russia Self-completed Montreal criteria Rome | 1040 177 (17 390 (37.5
37 questionnaire
Lee 2009 South Korea| Interview- Questionnaire (weekly Rome Il 1443 123 (8.5) 137 (9.5)
administered heartburn and/or
questionnaire regurgitation)
Zagari 2010 Italy Interview- Montreal criteria Rome I 1033 258 (25 285 (27.6
administered
questionnaire
Zhao 2010* China Self-completed Montreal criteria Rome I 16078 496 (3.1 387 (2.4)
questionnaire
Moghimi- Iran Face-to-face Mayo Reflux Rome Il 18180 1525 (8.4 1411 (7.8)

Dehkordi 2011**

interview

questionnaire




Choung 2012* USA Postal Bowel Disease Rome IlI 3517 404 (11.5) 344 (9.8)
questionnaire Questionnaire
Min 2014 * South Korea] Telephone Montreal criteria Rome Il 5000 356 (7.1 384 (7.7)
interview
Rasmussen 201%° Denmark Self-completed Montreal criteria Rome Il 47090 5264 (11. 359%]
Telephone
questionnaire
Bor 2016* Russia Face-to-face Mayo Reflux Mayo Reflux 1065 251 (23.6) 360 (33.8)
interview questionnaire Questionnaire
Chirila 2016 * Romania Interview- Montreal criteria Rome llI 184 57 (31) 14 (7.6)

administered

questionnaire

* data also extracted from Jung et al. 2007




Table 2. Pooled Odds Ratios for Dyspepsia in Thosath Weekly GERS Compared with Those without WeeklyfGERS According to

Geographical Location and Criteria Used to Define Pspepsia or Weekly GERS.

Number of | Number of 95% confidence P value for
Odds ratio 12
studies subjects interval X2

All studies 19 111,459 6.94 433-11.1 98.69 < 0.00]
Geographical region
North American studies 4 7,352 6.41 4,37 -9.39 81.19 < 0.001]
South American studies 1 837 1.60 1.12-2.26 N/A N/A
European studies 8 60,146 6.79 4.39-10.5 96.19 <0.00

Northern European studies 4 57,599 6.68 3.89-115] 97.5% <0.001

Southern European studies 4 2,547 7.61 2.87-20.2 93.8% <0.001
Middle Eastern studies 1 18,180 78.2 67.47 — 90.6 N/A N/A
Asian studies 4 24,170 6.23 2.18-17.8 96.99 <0.00
Australasian studies 1 774 4.13 2.55-6.64 N/A N/A




Criteria used to define GERS

Bowel Disease Questionnaire 6 9,775 5.83 4,376 7.7 73.0% <0.001
Mayo Reflux questionnaire 4 20,712 5.88 0.60-57.5| 99.6% <0.001
Montreal criteria 6 70,425 7.20 4.02-12.9 96.39 <0.00
Other questionnaires 3 10,547 10.4 4.97-21.6 93.19 <0.00
Criteria used to define Dyspepsia

Mayo Reflux questionnaire 3 2,532 2.48 1.31-4.69 90.39 < 0.00]
Rome | 4 4,106 4.55 2.30-6.90 73.89 < 0.001
Rome Il 4 20,827 4.32 3.15-591 71.59 <0.00
Rome Il 5 73,971 20.6 6.86 — 61.6 99.49 <0.00
Other questionnaires 3 10,023 12.5 8.14 -19.3 80% < 0.001]

* N/A; not applicable, too few studies to asseseltogeneity
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Supplementary Table 1. Quality Rating of Included 8udies

Study Random Unbiased Appropriate measure Outcomes Adequate response|  Study Total score
sample or sampling used (e.g. validated | measured by rate (70%), non- subjects (maximum
whole frame (e.g. guestionnaire or unbiased responders described of 6)
population | census data) criteria) assessors described
Talley 1994% 1 0 0 0 1 0 2
Talley 1998* 1 0 1 0 0 0 2
Locke 2000™ 1 0 1 0 1 0 3
Moayyedi 2000*" 1 0 0 0 0 0 1
Hu 2002* 1 0 1 0 0 1 3
Chiocca 2005 1 0 1 0 1 0 3
Papatheodoridis 2005 1 0 1 0 1 1 4
Choung 2007*° 1 0 1 0 1 1 4
Kitapcioglu 2007 * 1 1 1 0 1 0 4
Reshetnikov 2009 1 1 1 0 0 1 4
Lee 2009* 1 1 1 0 0 1 4
Zagari 2010 1 0 1 0 1 0 3
Zhao 2010™ 1 0 1 0 0 1 3
Moghimi-Dehkordi 2011 * 1 0 1 0 1 0 3




Choung 2012*

Min 2014 *

Rasmussen 2015°

Bor 2016*

Chirila 2016 **




