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*Division of Gastroenterology, Department of Internal Medicine, CHA Ilsan Medical Center, CHA University School of Medicine,
Goyang; 4Department of Internal Medicine, Seoul National University Hospital Gangnam Center, Seoul; ’sDepartment of Internal
Medicine, Gangneung Asan Hospital, University of Ulsan College of Medicine, Gangneung; 6Department of Internal Medicine, Dankook
University College of Medicine, Cheonan; 7Department of Internal Medicine, Yongin Severance Hospital, Yonsei University College of
Medicine, Yongin; *Division of Gastroenterology, Department of Internal Medicine, Severance Hospital, Yonsei University College of
Medicine, Seoul: °Division of Gastroenterology, Department of Internal Medicine, Kangdong Sacred Heart Hospital, Hallym University
College of Medicine, Seoul; “Division of Gastroenterology, Department of Internal Medicine, Incheon St. Mary’s Hospital, College of
Medicine, The Catholic University of Korea, Incheon; ”Digestive Disease Center, CHA Gangnam Medical Center, CHA University
School of Medicine, Seoul; IZDepartment of Internal Medicine, Chung-Ang University College of Medicine, Seoul; BDepartment of
Gastroenterology, Chungnam National University Hospital, Chungnam National University School of Medicine, Daejeon; 14Department
of Internal Medicine, Hanyang University Guri Hospital, Hanyang University College of Medicine, Guri; 15Department of Internal
Medicine and Digestive Disease Research Institute, Wonkwang University School of Medicine, Iksan; MDepartment of Internal Medicine,
Daegu Catholic University School of Medicine, Daegu;, 17Departmem‘ of Internal Medicine, Keimyung University School of Medicine,
Daegu; wDepartment of Internal Medicine, Kosin University College of Medicine, Busan; IgDepartment of Internal Medicine,
Soonchunhyang University Seoul Hospital, Seoul; ZODepartment of Internal Medicine, College of Medicine, Korea University, Seoul;
' Division of Gastroenterology, Department of Internal Medicine, Soonchunhyang University Cheonan Hospital, Cheonan; ZzDepartment
of Surgery, Seoul St. Mary's Hospital, College of Medicine, The Catholic University of Korea, Seoul; 23Department of Gastroenterology,
Asan Medical Center, University of Ulsan College of Medicine, Seoul; 24Department of Internal Medicine, Chungnam National
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Gastroesophageal reflux disease (GERD) is a condition in which gastric contents regurgitate into the esophagus or beyond, re-
sulting in either troublesome symptoms or complications. GERD is heterogeneous in terms of varied manifestations, test findings,
and treatment responsiveness. GERD diagnosis can be established with symptomatology, pathology, or physiology. Recently the
Lyon consensus defined the “proven GERD” with concrete evidence for reflux, including advanced grade erosive esophagitis (Los
Angeles classification grades C and or D esophagitis), long-segment Barrett’s mucosa or peptic strictures on endoscopy or distal
esophageal acid exposure time > 6% on 24-hour ambulatory pH-impedance monitoring. However, some Asian researchers have
different opinions on whether the same standards should be applied to the Asian population. The prevalence of GERD is increasing
in Asia. The present evidence-based guidelines were developed using a systematic review and meta-analysis approach. In GERD
with typical symptoms, a proton pump inhibitor test can be recommended as a sensitive, cost-effective, and practical test for GERD
diagnosis. Based on a meta-analysis of 19 estimated acid-exposure time values in Asians, the reference range upper limit for esoph-
ageal acid exposure time was 3.2% (95% confidence interval 2.7-3.9%) in the Asian countries. Esophageal manometry and novel
impedance measurements, including mucosal impedance and a post-reflux swallow-induced peristaltic wave, are promising in dis-
crimination of GERD among different reflux phenotypes, thus increasing its diagnostic yield. We also propose a long-term strategy
of evidence-based GERD treatment with proton pump inhibitors and other drugs. (Korean J Med 2022;97:70-92)

Keywords: Diagnosis; Gastroesophageal reflux disease; Guideline; Meta-analysis; Treatment
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Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram of the systematic review

process of the efficacy of proton pump inhibitors in patients with non-cardiac chest pain.
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Table 1. Definition of levels of evidence and strength of recommendation

Level of evidence

High At least one RCT or SR/meta-analysis with no concern regarding study quality

Moderate
Low

Very low

At least one RCT or SR/meta-analysis with minor concerns regarding study quality or, at least one
cohort/case-control/diagnostic test design study with no concern regarding study quality

At least one cohort/case-control/diagnostic test study with minor concerns regarding study quality, or at least one
single-arm before-after study or cross-sectional study with no concerns regarding study quality

At least one cohort/case-control/diagnostic test design study with serious concerns regarding study quality, or at
least one single-arm before-after study or cross-sectional study with minor/severe concerns regarding study quality

Grade of recommendation

The benefits of the intervention are more significant than the harms based on a high or moderate level of evidence,

The benefits and harms of the intervention may vary depending on the clinical situation or patients’ characteristics.

Strong for

such that it can be strongly recommended for clinical practice in most cases
Weak for

Recommended depending on the clinical condition
Weak against

The benefits and harms of the intervention may vary depending on the clinical situation or patient characteristics.

Intervention is not recommended for clinical practice

Strong against
not recommended for clinical practice

No recommendation
is needed

The intervention harms are greater than the benefits based on a high or moderate level of evidence. Intervention is

It is not possible to classify the recommendation due to a lack of evidence or equivocal results. Further evidence

RCT, randomized controlled trial; SR, systematic review.
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Table 2. Summary of the Seoul Consensus on gastroesophageal reflux disease

. Strength of
Level of evidence rengf o .
recommendation
Definition and epidemiology
1 GERD is a condition characterized by regurgitation of gastric contents into the esophagus NA NA
or the mouth, resulting in troublesome symptoms or complications
NERD is a subcategory of GERD. It is characterized by troublesome reflux symptoms with
2 abnormally increased gastroesophageal reflux observed on 24-hour ambulatory NA NA
pH-impedance monitoring in the absence of esophageal mucosal injury confirmed on
endoscopy

Reflux hypersensitivity is defined as retrosternal symptoms, including heartburn or chest
3 pain triggered by physiological reflux in the absence of abnormally increased NA NA
gastroesophageal reflux

4 Functional heartburn is defined as retrosternal burning discomfort or pain refractory to

acid-suppressive therapy in the absence of GERD NA NA

5 Refractory GERD is defined as GERD symptoms unresponsive to the administration of >

8 weeks of a standard dose of an acid-suppressive agent NA B

GERD can cause various extra-esophageal symptoms such as cough, asthma, hoarseness,
6 or non-cardiac chest pain. Extra-esophageal GERD symptoms may or may not be NA NA
accompanied by typical GERD symptoms

7 The prevalence of GERD is increasing in Asian countries Moderate NA
Diagnosis of GERD

8 Symptom-based diagnostic questionnaires are useful for the accurate diagnosis of GERD Low Weak

A 2-week trial of a standard dose of PPI should be recommended as a sensitive and practical
? test for GERD diagnosis in patients with typical GERD symptoms Moderate Strong
10 Endoscopy with or without biopsy can be recommended to diagnose GERD and exclude Very low Strong
other organic diseases
11 Endoscopic surveillance is recommended in patients with long-segment Barrett’s esophagus Very low Strong

Twenty-four-hour ambulatory pH-impedance monitoring is indicated in patients with
12 GERD symptoms that are refractory to PPI therapy. This test is also recommended before Very low Strong
anti-reflux surgery

13 A value of the total esophageal acid exposure time of >4% is defined as an abnormal finding

in Asian adults Moderate Weak

Esophageal manometry is useful in the assessment of peristaltic function and exclusion of
14 alternative motility disorders. Therefore, esophageal manometry should be performed Low Strong
before anti-reflux surgery in patients with GERD

Novel impedance parameters, including baseline impedance and post-reflux

15 swallow-induced peristaltic wave, are promising in the GERD diagnosis and increase Low Weak
GERD diagnostic yield
Treatment of GERD

16 Weight reduction is recommended to improve GERD symptoms in overweight patients or

those diagnosed with obesity Moderate Strong

17 The administration of a standard dose of PPI once a day for 4 to 8 weeks is recommended Hich Stron
as the initial treatment of GERD g g

Double-dose PPI therapy may be effective in patients with GERD who do not show an

18 adequate response to standard-dose PPI therapy Moderate Weak

19 On-demand PPI therapy’s effectiveness is comparable with that of continuous daily PPI Moderate Weak
therapy for the long-term management of patients with NERD or mild erosive reflux disease

20 PPI therapy is recommended to treat NCCP in patients who present with concomitant typical Moderate Strong
GERD symptoms

21 The effect of P-CABs is comparable with that of PPIs for the initial treatment of patients Moderate Strong
with GERD
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Table 2. Continued

. Strength of
Level of evidence & .
recommendation
2 Anti-reflux surgery can be recommended as an alternative to PPI maintenance therapy to Moderate Weak

improve symptoms and quality of life in patients with proven GERD

GERD, gastroesophageal reflux disease; NERD, non-erosive reflux disease; PPI, proton pump inhibitor; NCCP, non-cardiac chest pain;

P-CABsS, potassiumcompetitive acid blockers; NA, not applicable.
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HJA9Y B el vy 213 Sl MY B8 FHoR
32191 EH29]

Aol A7 AF 2020 -

A0k 7. A= A7 W] F3FE opalol 77}

27 E FEE
AT P 487}

AT} o7 AR O FOITH68.9%), A F
FG11%), 1150.0%), AR FI5H] 4E(0.0%), 7
HoR FoJshA GH(0.0%)

OfAlo} of 2] A3} qdtollAf P4 AR g FHEES

w
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% A7-2 wERA] 31918 ul(Supplementary Fig. 1), $14]%
o SHELS 2000-2009  11.0%, 2010-2019
15.0%% 52314 <7151 tHSupplementary Fig. 2). A7+
& vk 2EAE gz oF W A Bk u)
QA= o7 23] SHE-L 2000-2009d 6.0%, 2010-2019¢

%713} tH(Supplementary Fig. 3).

ME oiF gto] It
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LEXFHZ AN ZA
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TH60.7%), m178(4.4%), ETHA] h3(0%), AH o=
Z9J5}HR] 2F2(0.0%)

Fisglol} Algo] Sehot S4FS QAR o5 Aale)
A FAoR, YA o AR Neshe o UdE
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3F%E wi(Supplementary Fig. 4), F/dAHHZA|A] HARS] 71
= 78% (95% confidence interval [CI] 0.71-0.84), Eo]%=
40% (95% CI 0.31-0.48) 1K Supplementary Fig, 5). 2L} kA
AgelAAle] SR 89 of g Fol 70
oftf tf 25 ool whE HAR] RIZFE=Q} Solko] Aol
%1 1CHSupplementary Fig. 6). %} AFA |4 Ak Hl
FA TS A= Aeolls BESEo] "ol A A TH34,35],
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e And 4 ek

- o

AE7F el Aoz FoH(53.3%), A= 59
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Aoz FO5HA] 5(0.0%)

AZE A otA] oS3 the A= Bk AAl WAl
Zoll 4] Los Angeles (LA) classification A2] Fo} AR

ol BA] 3R SR BF F4S HAGE AT
= JeH10]. 2§ FoollA= WA adollA LA classi-
fication C = D =50] n|gh o7 A% vlElAE B

oo
B

A8 Bo] KO A9 AT IR AT B2 ZA=
7HE31al, LA classification A = B2 A= F=2Z o]
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QA W AT AT e 7144 W8S g
NS o) AR 2 9l
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1

Mo dhAEore 2 15k Al Fol7] gigtolth, H
wE o ATl w2, YA 24 AAE Al
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& A% SaH ARk Bag Hehel 4% STk
T} BE AR SRl WA 21 A4S B
Sokat sH=7lell sl Al oF4] d=gto] gick. 20161 0] Wi
2 94 o5 A8k A\ zo] ik obAloh-el A AR e
A ol g Fo] Futwo] oA e Hhl Ao A A%
27 7A4e) o] 5L QFE X grTha urslaL YIeHi6).
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£ uiBIA RS A MGk o] ES AT 006%AE 2ol DA SE FEE
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HIIRE 12 24A17F KA AmAtw-due s HAp O AAbe FARY A ofuAEr) Ao OF YRS
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B7lsl7] $1%h A= AR o8] ¢5-5(peristaltic reserve)
SR1% 4 Qe AAOlEHS253]

AL ol AT T 5 Qe T AR
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1 £ F39 FAAAEZAAA 1t At
S Aoz Helrh Z; Ao AIA] H=
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Univariable Meta-regression & Subgroup Analyses

***Dose Yes | ——@—— Dose Yes - —T—
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*p<0.05, **p<0.01, ***p<0.001 *p<0.05, *p<0.01, ***p<0.001

Supplementary Figure 6. Forest plot of subgroup analysis of dose (single versus double) and duration (< 2 weeks versus > 2 weeks) of
proton pump inhibitors.



Study Values

Saraswat VA, 1994 3.0
WuB, 1999 35
Chun HJ, 2000 36
Ho KY, 2000 4.0
Hu WHC, 2002 46
Yi CH, 2005 7.0
Ferdinandis TG, 2006 3.5
Wu JC, 2007 0.6
Kim GH, 2008 4.0
Moon W, 2008 51
Xiao YL, 2009 2.7
Wang AJ, 2011 3.1
Amarasiri DL, 2012 15
Xiao YL, 2012 24
Ishimura N, 2015 4.2
Kawamura O, 2016 33
Netinatsunton N, 2016 1.
Yano F, 2017 2.7
Summary 3.23 e
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Supplementary Figure 7. Forest plot of upper limits of normal for the acid exposure time (AET [%]) in Asian studies.



Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random,95% Cl Year M-H, Random, 95% C|
Orando 2010 41 84 40 91 29.3% 0.94 [0.68,1.31] 2010

Chen 2010 62 100 41 100 331% 1.51[1.14,2.000 2010 -
Kinoshita 2012 a0 111 53 110 37.6% 1.50[1.18,1.87] 2012 -

Total (95% CI) 3o 301 100.0% 1.31 [0.99, 1.73]

Total events 183 134

Heterogeneity, Tau®= 0.04; Chi*=6.04, di=2 (F = 0.058); F=67%

Testfor overall effect: Z=1.91 (F = 0.06) 0.01 0.1 1 10 100

Favours [experimental] Fawvours [control]

Supplementary Figure 8. Forest plot of symptom resolution in the double and standard dose proton pump inhibitor at 4 weeks in patients
with gastroesophageal reflux disease. M-H, Mantel-Haenszel.



Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% C| Year M-H, Random, 95% CI

Chen 2010 86 100 70100 59.7% 1.23[1.06,1.43] 2010

Kinoshita 2012 89 111 64 110 40.3% 1381115, 1.66) 2012 =

Total (95% CI) 21 210 100.0% 1.29[1.15, 1.45] +

Total events 175 134

O N R
' ’ ’ Favours [experimental] Fawours [cantrol]

Supplementary Figure 9. Forest plot of symptom resolution in the double and standard dose proton pump inhibitor at 8§ weeks. M-H,

Mantel-Haenszel.



Experimental Control Risk Ratio Risk Ratio

Study or Subgro vents  Total Events Total eil -H, Random, 95% C - andom, 95% Cl
Armstrong 2004 485 772 GBE 1114 106% 1.02[0.85 1.10] '

Bardhan 2007 137 214 129 204 6.3% 1.01 (0,88, 1171 T

Castell 2002 0 1] I 1] Mot estimahle

Egaleston 2009 302 469 272 464 8.7% 1.101[0.99,1.22) o
Fennerty 2005 344 478 oy 483 9.59% 1.13[1.04,1.24) i

Gilesen 2004 54 114 a7 113 2.8% 0.94 [0.72,1.23] -

Glatzel 2007 0 0 0 0 Mot estimable

Hioweden 2002 0 0 1] 0 Mot estimahble

kahrilas 2000 402 621 57 624 9.4% 1.13[1.03,1.24) o

Lahenz 2004 1187 1562 1112 1589 12.3% 1.09[1.04,1.13) r
Maoraes-Filho 2014 164 270 170 278 B.9% 1.00[0.87 1.14] T

Richter 2001 831 1216 02 1208 11.2% 118 01.11,1.29] -

Schmitt 2006 a4 a76 361 572 9.6% 1.03[0.94. 112 r

Scholten 2003 103 105 M1 112 127% 0.99 [0.96, 1.02) "

Zheng 20049 1] 0 0 0 Kot estimahble

Total (95% Cl) 6397 6762 100.0% 1.06 [1.01,1.12] )

Total events 4384 4264 . . . .

Heterogeneity, Tau®= 0.00; Chi*= 48.29, df=10 (P = 0.00001}; F= 79%

Testfor overall effect £= 2. 44 (F =001} 0.01 0.1 ! 10 100

Favours [experimental] Favours [control]

Supplementary Figure 10. Forest plot of symptom relief in subjects on esomeprazole 40 mg per day and other standard dose proton pump
inhibitors at 4 weeks. M-H, Mantel-Haenszel.



Experimental Control Risk Ratio Risk Ratio

(! i)

Armstrong 2004 1} 0 0 0 Mot estimable

Bardhan 2007 243 293 248 288 2.0% 0.96 [0.90,1.03) d
Castell 2002 1] 0 1] I Mot estimable

Egaleston 2009 0 0 1] 0 Mot estimable

Fennerty 2005 410 458 388 s 8.9% 1.06 [1.00,1.13] I*
Gilesen 2004 70 76 69 T 52% 1.03(0.93,1.14) Ir
Glatzel 2007 1} 0 0 0 Mot estimable

Howden 2002 123 138 127 139 7.2% 0.98 [0.90, 1.08] b
Kahrilas 2000 615 654 565 650 127% 1.08[1.04,1.12] "
Labenz 2005 1431 1562 1413 1589 144% 1.03[1.01, 1.09]

Maoraes-Filho 2014 253 279 246 284 9.3% 1.05 (099, 1.11] i
Richter 2001 1139 1216 1018 1209 13.7% 1.11[1.08,1.14) I
Schmitt 2006 i 576 514 572 126% 1.03[0.99, 1.08)

Scholten 2003 1] 0 1] I Mot estimable

Zheng 2009 62 g5 178 199 7.8% 1.07 [0.99,1.15] IF
Total (95% CI) 5357 5508 100.0% 1.04 [1.02, 1.07]

Total events 4877 4766 . .

Heterogeneity: Tau®=0.00; Chi*= 3249, di=9 (P=00002), F=72% r

sy - 0.01 0.1 1 10 100
Testfor overall efiect Z=3.04 (P = 0.002) Favours [experimental] Favours [control]

Supplementary Figure 11. Forest plot of symptom relief in subjects on esomeprazole 40 mg per day and other standard dose proton pump
inhibitors at 8 weeks. M-H, Mantel-Haenszel.



On demand PPl Continuous PPI Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H Random, 95% Cl Year M-H, Random, 95% Cl

Sjostedt 2005 49 234 12 243 151% 4.24 [2.32, 777 2005 ST

Hansen 2005 g4 634 4B B58 178% 1.86[1.09,2.22] 20058 L

Janssen 2005 13 kil 17 M7 14.0% 077 [0.38,1.55] 2004 L B

Morgan 2007 g 13 3 137 TT% 2090053, 8149 2007 S P

Szucs 2008 50 991 55 913 17E% 1.01 [0.70,1.43] 2009 T

wan dervelden 2010 34 141 5 B2 11.9% 28901.23, 728 2010 N B

Baverdarffer 2016 14 am 24 287 157% 06a[0.37,1.13] 2016 R

Total {95% CI) 2647 2527 100.0% 1.46 [0.90, 2.38] -

Tatal events 250 167 . . . .
. = rhiEe B - Ro } } } |

otk ekl Y O
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Supplementary Figure 12. Forest plot of risk ratios of failure between on-demand proton pump inhibitor (PPI) and continuous PPI groups
in long-term management. M-H, Mantel-Haenszel.



On demand PPl  Continuous PPI Risk Ratio Risk Ratio

_Study or Subgroup Events _ Total Events Total Weight M-H, Random, 95% Cl Year ,95% Cl
6.1.1 Symptomatic GERD
Hansen 2005 69 634 46 658 17.8% 1.56[1.09,2.22) 2005
Morgan 2007 3 13 3 137 7.7% 209[0.53,8.19) 2007
Szucs 2009 60 991 55 913 17.8% 1.01[0.70,1.43] 2009
Subtotal (95% CI) 1756 1708 43.3% 1.29 [0.89, 1.87)
Total events 135 104
Heterogeneity. Tau®= 0.04; Chi*= 3.44,df= 2 (P=0.18); F= 42%
Test for overall effect: Z=1.37 (P=017)
6.1.2 NERD only
Bayerdorffer 2016 19 30 29 297 15.7% 0.65[0.37,1.13) 2016 —
Subtotal (95% CI) 301 297  15.7% 0.65[0.37,1.13] B
Total events 19 29
Heterogeneity: Not applicable
Testfor overall effect Z=1.54 (P=0.12)
6.1.3 NERD and Mild EE
Janssen 2005 13 215 17 217 14.0% 0.77[0.38,1.55] 2005
van der Velden 2010 34 141 5 62 11.9% 299[1.23,7.28) 2010 =
Subtotal (95% CI) 356 279 25.9% 1.48 [0.39, 5.63] i
Total events 47 22
Heterogeneity. Tau*= 0.77, Chi*= 562, df=1 (P=0.02); F= 82%
Test for overall effect: Z= 0.57 (P = 0.57)
6.1.4 All EE
Sjostedt 2005 49 234 12 243 151% 4.24[232,7.77) 2005 -
Subtotal (95% CI) 234 243 15.1% 4.24[2.32,7.77] -
Total events 49 12
Heterogeneity: Not applicable
Test for overall effect: Z= 4 .68 (P < 0.00001)
Total (95% CI) 2647 2527 100.0% 1.46 [0.90, 2.38] ‘
Total events 250 167 ) . ) )
Heterogeneity. Tau®= 0.31; Chi*= 29.86, df= 6 (P < 0.0001);, F= 80% .01 01 10 100

Test for overall effect Z=1.53 (P=0.13)
Test for subaroun differences: Chi*= 20.48. df= 3 (P =0.0001). F=85.4%

Favours on-demand Favours continuous

Supplementary Figure 13. Forest plot of risk ratios of failure between on-demand proton pump inhibitor (PPI) and continuous PPI groups
in long-term management according to each subgroup analysis. GERD, gastroesophageal reflux disease; NERD, non-erosive reflux dis-
ease; EE, erosive esophagitis. M-H, Mantel-Haenszel.



On demand PPl Continuous PPI Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random, 95% Cl Year M-H. Random, 95% CI
Sjostedt 2005 225 234 M 243 256% 0.87 [0.84,1.00] 2005 L

Hansen 2005 478 B34 541 GA8 198% 0.82 [0.87,047] 2005 b

Maorgan 2007 104 13 126 137 121% 0.86[0.78, 0498 2007 |

Szucs 2009 932 981 848 913 2B3% 1.01[0.89,1.04] 2008 "
Bayerdarffer 2016 246 am 246 2487 1B3% 0.89[0.82, 1.08] 2016 b

Total (95% Cl) 2201 2248 100.0% 0.96 [0.92, 1.00] f

Total events 1985 2003

Heterogeneity Tau?= 0.00; Ghif= 21.18, df= 4 (P = 0.0003); F=81% '

g . 0.01 01 1 10 100
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Supplementary Figure 14. Forest plot of the satisfaction between the on-demand proton pump inhibitor (PPI) and continuous PPI groups
in long-term management. M-H, Mantel-Haenszel.



On demand PPI
Study or Subgroup  Mean  SD Total

Continuous PPI Mean Difference Mean Difference
Mean  SD Total Weight IV, Random, 95% CI Year IV, Random, 95% Cl

Janssen 20058 0a1 03 218 0893 017 217 478%  -0.42[-047 -0.37] 2005

Bayerdorfar 2016 041 028 301 091 016 287 523% -0450[0453,-047] 2016

Total (95% CI) 516 514 100.0% -0.46 [-0.54, -0.38]

L i e e I S T
T : Favours [experimental] Favours [control]

Supplementary Figure 15. Forest plot of medication use between on-demand proton pump inhibitor (PPI) and continuous PPI groups in

long-term management.



PPI Placebo Odds Ratio Odds Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Achem 1997 7 16 3 18 57% 3.89(0.80, 18.97) T
bautista 2004 14 18 4 18  32% 12.25 [2.54, 58.97)
Dickman 2005 12 16 3 16 27% 13.00 [2.40, 70.48]
Fass 1998 18 23 6 23 47% 10.20 [2.62, 39.72] ——
Flook 2013 55 142 39 153 83.2% 1.85[1.13, 3.04] = =
Pandek 2002 18 20 1 20 04% 171.00[14.24, 2053.25] E—
Total (95% CI) 235 248 100.0% 3.61 [2.46, 5.29] <
Total events 124 56
Heterogeneity: Chi*= 23.03, df= 5 (P = 0.0003); F= 78% o o1 0%1 3 1=u 100:

Test for overall effect: Z= 6.56 (P < 0.00001) deterioration Improvement

Supplementary Figure 16. Forest plot of the benefits from the proton pump inhibitor (PPI) treatment in gastroesophageal reflux disease
positive patients with non-cardiac chest pain. M-H, Mantel-Haenszel.



PPI Placebo Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed, 95% CI

Achem 1997 0 1] ] 0 Not estimable

hautista 2004 2 22 a 22 165% 0.25[0.08, 1.05] —_—

Dickrman 2005 2 19 4 19 8.3% 0.50[0.10, 2.41] -1

Fass 1998 2 14 1 14 21% 2.00[0.20 1962

Flook 2013 A 32 132 67.0% 1.12[0.75, 1.69) =

Pandek 2002 B 1% 3 18 6.2% 2.00([0.59, 6.79) R

Total (95% Cl) 209 205 100.0%  1.00[0.70,1.42] <

Total events 49 48

Heterngeneity: Chi*= 6.24, df = 4 (P = 0.18); F= 36% l t i J
Test for overall effect; Z= 0,00 (P = 1.00) Lo Elgterioration : improvemégt Lo

Supplementary Figure 17. Forest plot of the benefits from the proton pump inhibitor (PPI) treatment in gastroesophageal reflux disease
negative patients with non-cardiac chest pain. M-H, Mantel-Haenszel.



Effect size Effect size
Study or Subgroup log[Effect size] SE Weight |V, Random, 95% CI IV, Random, 95% ClI
1.1.1 Case-control study (odds ratio)
2006, de Jonge -2.40795 0.299897 33.7% 0.09 [0.05, 0.16] —
2015, Masclee -0.10536 0.410578 32.1% 0.90 [0.40, 2.01] —
2018, Tan -0.52763 0.265253 34.2% 0.59 [0.35, 0.99] —
Subtotal (95% CI) 100.0% 0.36 [0.09, 1.44] —couiiiipee
Heterogeneity: Tau? = 1.40; Chi* = 29.54, df = 2 (P < 0.00001); I* = 93%
Test for overall effect: Z=1.45 (P = 0.15)
1.1.2 Cohort study (hazard ratio)
2004, Hillman -3.03655 1.044495 5.3% 0.05[0.01, 0.37] * -
2009, Nguyen -0.8675 0.434893 21.3% 0.42[0.18, 0.98] - =
2011, Jung -1.46968 1.032897 54% 0.23[0.03, 1.74] -
2013, Kastelein -1.56065 0.572394 14.6% 0.21 [0.07, 0.64]
2016, Krishnamoorthi -0.84397  0.0938 53.3% 0.43 [0.36, 0.52] d
Subtotal (95% CI) 100.0% 0.33 [0.20, 0.54] -
Heterogeneity: Tau? = 0.11; Chi* = 6.15, df =4 (P = 0.19); I = 35%
Test for overall effect: Z = 4.36 (P < 0.0001)

0.01 0.1 1 10 100

Lower risk in [PPI user]

Lower risk in [Non-PPI user]

Supplementary Figure 18. Forest plot of the odds ratio of proton pump inhibitor (PPI) medication in the risk of progression into

high-grade dysplasia or adenocarcinoma.



Odds Ratio Odds Ratio

Study or Subgroup __log[Odds Ratio] SE _Weight IV, Random, 95% CI IV, Random, 95% CI
Beaulieu 2007 0.3293 01996 7.4% 1.39[0.94, 2.06] T

Dalton 2009 06729 01644 77% 1.96[1.42, 2.71] .

Dial 2004 07419 02736 B.6% 2101[1.23,3.59] S
Dubherke 2007 06831 02772 B66% 1.98[1.15, 3.41] E—
Faleck 2016 -0.4463 01448 7.9% 0.64 [0.48, 0.85] o

Howell 2010 05539 01146 81% 1.74[1.39, 218 -

Ingle 2011 06098 07185 2.9% 1.84[0.45, 7.52) ]

Khan 2012 11694 04934 4.3% 3.22[1.21, 8.57)] S
Khanafer 2013 0.9361 06818 31% 2.55 [0.67, 9.70] -
Lewis 2016 1.8656 02941 6.4%  6.46[3.63,11.50] =
Loo 2011 0.9708 02216 7.2% 264 [1.71, 4.08] .
Peled 2007 1.3244 04621 47% 3.76(1.52, 9.30] —_—
Pepin 2005 0 01203 81% 1.00[0.79,1.27] -

Ro 2016 11939 04023 52% 3.30[1.50, 7.26] E =T
Roughead 2016 08755 01182 81% 2.40[1.90, 3.03] -
Southern 2010 0.8416 03448 58% 2.32[1.18, 4.56] ==
Total (95% ClI) 100.0% 2.03[1.52, 2.72] <
Heterogeneity: Tau®= 0.26; Chi*= 108.62, df= 15 (P < 0.00001); I*= 86% :D o1 011 150 100:

Testfor overall effect: Z=4.77 (P = 0.00001) Favours [experimental] Favours [control]

Supplementary Figure 19. Forest plot of the odds ratio of proton pump inhibitor medication in the risk of Clostridium difficile infection.



P-CAB PPI Risk Ratio Risk Ratio

_Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI| c % Cl
Ashida 2015 139 144 126 132 21.0% 1.01 [0.96, 1.06]
Ashida 2016 203 205 190 199 30.8% 1.04 [1.00, 1.07]
Lee 2018 b 92 a7 88 14.2% 1.00 [0.97, 1.03]
Xiao 2019 220 238 210 230 341% 1.01 [0.96, 1.07]
Total (95% CI) 679 649 100.0% 1.02 [0.99, 1.04]
Total events 653 613

: I I
0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Chi* =2.53, df =3 (P=047). ?=0%
Test for overall effect: Z=1.48 (P = 0.14)

Supplementary Figure 20. Forest plot of the risk ratio of potassium-competitive acid blockers (P-CABs) in erosive esophagitis healing
rates at 8 weeks. PPI, proton pump inhibitor. M-H, Mantel-Haenszel.



Risk Ratio
M-H. Random, 95% CI

PPI plus prokinetics PPI Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI
2.1.1 PPl+*mosapride vs PPI

Cho 2013 19 24 13 189  68% 1.16[0.80,1.67)
Hsu 2010 33 44 41 a0 241% 1.08[0.81,1.28)
Lee 2017 46 60 36 a6 14.2% 1.19[0.94,1.52)
Madan 2004 25 28 23 33 125% 1.28(0.99, 1.66]
Mivia 2011 45 97 42 95  91% 1.058([0.77,1.43)
Wang 2014 43 58 38 58 16.2% 1.26[1.01,1.57)
Subtotal (95% CI) 311 311 82.9% 1.16 [1.05, 1.28]
Total events 222 193

Heterogeneity: Tau®=0.00; Chi*= 227, df=5(P=0.81); F= 0%
Test for overall effect £=3.02 (F = 0.002)

2.1.2 PPl+other prokinetics vs PPI

Marakhouski 2017 25 50 13 50 33% 1.92[1.12,3.31]
Shaheen 2015 71 18 51 122 12.8% 1.44[1.11,1.86]
Yamashita 2019 10 35 5 3/ 11% 2.00[0.76, 5.29]
Subtotal (95% CI) 203 207 17.1% 1.54[1.23, 1.93]
Total events 106 69

Heterogeneity: Tau®= 0.00; Chi*=1.23, df= 2 (P = 0.54), F= 0%
Test for overall effect: Z= 3.76 (P = 0.0002)

Total (95% CI) 514 518 100.0% 1.22[1.11, 1.35]
Total events 328 262

Heterogeneity: Tau®= 0.00; Chi*=9.46, df=8 (P = 0.31), F=15%

Test for overall effect: Z=3.94 (P = 0.0001)

Test for subaroun differences: Chi®= 5.08. df=1 (P =0.02). F=80.3%

-

L

B B

0.01

0.1 1 10 100
Favours [PPI] Favours [PPI+Prokinetics]

Supplementary Figure 21. Forest plot of the risk ratio of proton pump inhibitor (PPI) plus prokinetics treatment in reducing global symp-

toms of gastroesophageal reflux disease. M-H, Mantel-Haenszel.



PPI+Prokinetics PPI Risk Ratio Risk Ratio
_Study or Subgroup __ Events __ Total Events Total Weight M-H, Random, 95% Cl #-H, Random, 95% Cl
Studies only included patients with refractory GERD
Shaheen 2015 71 118 51 122 128% 1.44[1.11,1.86) Ba
Yamashita 2019 10 35 5 35 1.1% 2.00[0.76, 5.25] i B
Subtotal (95% CI) 153 157 13.8% 1.47 [1.15, 1.88] &
Total events a1 56
Heterogeneity. Tau®= 0.00; Chi*=0.43, df=1 (P=0.51); F=0%
Test for overall effect £Z= 3.06 (P = 0.002)
0.01 01 1 10 100

Favours [PPI] Favours [PPl+Prokinetics)

Supplementary Figure 22. Forest plot of the risk ratio of proton pump inhibitor (PPI) plus prokinetics treatment in reducing global symp-
toms of refractory gastroesophageal reflux disease. M-H, Mantel-Haenszel.



