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Supplementary Table 2. Key Questions and Keywords Used in Meta-analyses

Key questions Keywords

Is GERD increasing in Asia? Gastroesophageal reflux, esophagitis, gastroesophageal, gastric acid, esophageal, 
GERD, GER, ERD, prevalence, epidemiology 

Is a 2-week trial of a standard dose of PPI useful as a  
sensitive and practical test for GERD diagnosis in  
patients with typical GERD symptoms compared to  
24-hour ambulatory pH-impedance monitoring?

Gastroesophageal reflux disease, erosive esophagitis, non-erosive esophagitis, a 
proton-pump inhibitor, omeprazole, esomeprazole, rabeprazole, pantoprazole, 
lansoprazole, ilaprazole, dexlansoprazole, wireless pH monitoring, impedance-pH 
monitoring, ambulatory reflux monitoring, pH monitoring, sensitivity, specificity

Is a double dose proton pump inhibitor effective for  
alleviating symptoms in patients with GERD who have 
insufficient effectiveness with standard proton pump  
inhibitors?

Proton pump inhibitor, PPI(s), acid suppression, acid suppression therapy,  
omeprazole, esomeprazole, rabeprazole, pantoprazole, lansoprazole, ilaprazole, 
dexlansoprazole, standard dose, high dose, double dose 

Has on-demand PPI therapy more effective than continu-
ous daily PPI therapy for the long-term management of 
patients with NERD or mild ERD? 

Gastroesophageal reflux, esophagitis, heartburn, gastric acid reflux, esophageal  
reflux, GERD, GER, proton pump inhibitor, maintenance, recurrence,  
omeprazole, esomeprazole, rabeprazole, pantoprazole, lansoprazole, ilaprazole, 
dexlansoprazole, on-demand, on-demand, continuous, intermittent

Are proton pump inhibitors recommended to treat  
non-cardiac chest pain in patients with typical  
GERD symptoms?

Noncardiac chest pain, non-cardiac chest pain, atypical chest pain, functional chest 
pain, NCCP, proton pump inhibitor, proton pump inhibitors, omeprazole,  
lansoprazole, pantoprazole, rabeprazole, esomeprazole, dexlansoprazole,  
ilaprazole, randomized controlled trial, controlled clinical trial, randomized,  
placebo, drug therapy, randomly, trial, groups 

Are PPIs recommended for patients with Barrett’s  
esophagus to reduce the risk of progression to  
high-grade dysplasia or adenocarcinoma? 

Barrett, PPI, proton-pump inhibitor(s), proton pump inhibitor(s), omeprazole, 
lansoprazole, pantoprazole, rabeprazole, esomeprazole, dexlansoprazole, ilaprazole, 
acid suppression, acid-suppressive, cancer(s), carcinoma(s), adenocarcinoma(s), 
dysplasia(s)

Are there potential risks associated with long-term proton 
pump inhibitor treatment?

Proton pump inhibitor, PPI(s), acid suppression, acid suppression therapy,  
omeprazole, esomeprazole, rabeprazole, pantoprazole, lansoprazole, ilaprazole,  
dexlansoprazole, clostridium difficile, clostridium infection, CDI, pseudomembranous 
colitis, Clostridium difficile (C. difficile) infection, Clostridium difficile  
(C. difficile)-associated diarrhea (CDAD), infection, diarrhea, colitis 

Is the effect of P-CAB comparable with that of PPIs for  
the initial treatment of patients with GERD? 

Potassium-competitive, P-CAB, vonoprazan, TAK-438, Takecab, tegoprazan, 
CJ12420, gastroesophageal reflux disease, GERD, nonerosive reflux disease, 
NERD, erosive re esophagitis, reflux

Does the combination of dose prokinetics with  
PPI improve GERD symptoms more than PPI  
monotherapy? 

Gastroesophageal reflux disease, gastroesophageal reflux disease, gastroesophageal 
reflux, non-erosive reflux disease, reflux esophagitis, erosive reflux disease,  
endoscopy-negative reflux disease, proton pump inhibitor, prokinetic, prokinetics, 
erythromycin, metoclopramide, domperidone, cisapride, mosapride, itopride, 
ABT-229, alosetron, tegaserod, acotiamide, prucalopride, DA-9701, rikkunshito, 
promotility, relamorelin, cinitapride, ghrelin, revexepride, TZP-101, TZP-102

GERD, gastroesophageal reflux disease; GER, gastroesophageal reflux; ERD, erosive reflux disease; PPI, proton pump inhibitor; NERD, non-erosive reflux 
disease; NCCP, non-cardiac chest pain; CDI, Clostridium difficile infection; CDAD, Clostridium difficile-associated diarrhea; P-CAB, potassium competitive acid 
blocker.



Supplementary Table 3. Asian Studies Included on the Meta-analyses of Acid Exposure Time in 24-Hour Ambulatory pH Monitoring

First author Year Country n
Mean AET  

(%)
ULN of AET 

(%)
Estimation  

methoda

Yano et al89 2017 Japan 20 0.9 2.7 A
Netinatsunton et al90 2016 Thailand 34 0.5 1.9 A
Wu et al91 2007 Hong Kong 28 0.2 0.6 A
Wu et al92 1999 China 20 1.3 3.5 A
Moon et al93 2008 Korea 30 1.6b 5.1 Bc
Ferdinandis et al94 2006 Sri Lanka 12 1.5b 3.5 Bd
Ho and Kang95 2000 Singapore 15 1.9b 4.0 Bd
Saraswat et al96 1994 India 16 1.7b 3.0 Bd
Kim et al97 2008 Korea 50 1.3 4.0 C
Chun et al98 2000 Korea 25 1.4 3.6 Cc
Xiao et al99 2012 China 20 0.6b 2.4 D
Ishimura et al100 2015 Japan 10 1.1 4.2 D
Kawamura et al101 2016 Japan 42 NA 3.3 E
Wang et al102 2011 China 37 NA 3.1 E
Xiao et al103 2009 China 70 NA 2.7 E
Hu et al104 2002 Hong Kong 20 NA 4.6 E
Amarasiri et al105 2012 Sri Lanka 30 NA 1.5 E
Yi et al106 2005 Taiwan 21 NA 7.0 E
Kawamura et al107 2011 Japan 10 0.3 1.2 Fd

aEstimation method: (A) if mean with standard deviation (SD) is present, upper limit of normal (ULN) is estimated by mean + 2SD, (B) if median (range) is pres-
ent, mean and SD is calculated, and ULN is estimated with mean + 2SD, (C) if both mean with SD and median (range) are present, mean and SD is estimated by 
median (range) value, and ULN is estimated by mean + 2SD, (D) if median with interquartile range (IQR) is present, mean and SD is calculated, and ULN is 
estimated with mean + 2SD, (E) 95th percentile is present despite insufficiency of other data, ULN is determined as the presented 95th percentile, (F) if mean (range) 
is present, mean is used to calculate ULN, cif 95th percentile is present and is greater than estimated ULN using mean + 2SD, 95th percentile is used, and dif the 
maximum is present and is lower than estimated ULN using mean ± 2SD, maximum is used.
bCalculated value.
AET, acid exposure time; ULN, upper limit of normal; NA, not applicable.



Supplementary Table 4. Summary of the Evidence Supporting Weight Reduction in Patients With Gastroesophageal Reflux Disease

Reference Study design
Number of 

patients

Mean BMI  
at baseline  

(kg/m2)
Intervention

Follow-up  
duration

Outcome

De Bortoli et al,141 
2016 

Prospective  
open-label study

217 30.5 ± 4.0 Calorie-restricted diet (60% 
carbohydrate, 25% fat,  
and 15% protein) with  
aerobic exercise (weight  
loss of 10%) vs control

6 mo Decreased symptom score
Reduction or  

discontinuation of  
proton pump inhibitor

Singh et al,134  
2013 

Prospective cohort 
study, single-arm

332 34.7 ± 4.6 Face-to-face or phone-based 
weight management program

6 mo Improvement in reflux 
symptoms

Ness-Jensen et al,142 
2013

Prospective  
population-based 
cohort study

29 610 26 No intervention Dose-dependent symptom 
reduction and treatment 
success

Mathus-Vliegen  
and Tygat,143  
2002

Randomized  
controlled trials

34 43.4 ± 6.6 Intragastric balloon vs sham 65 wk Improved reflux  
parameters

Fraser-Moodie,144 
1999

Prospective study, 
single-arm

34 23.5 ± 2.3 Dietary advice 26 wk Decreased symptom score

Kjellin et al,145  
1996

Randomized  
controlled trials

20 31.4  
(range 28-42)

Very low caloric diet for 6 
weeks vs. control

6 mo No improvement in reflux 
symptoms or objective 
measurements 

Data are presented as mean ± SD.



Supplementary Table 5. Summary of Direct Comparison Trials Between the Efficacy of On-demand Proton Pump Inhibitor and Continuous 
Daily Proton Pump Inhibitor in the Long-term Management of Patients With Gastroesophageal Reflux Disease

Reference
Study 
design

Population
On-demand

vs Continuous
Follow-up  
duration

Outcomes of the failure of  
PPI treatment

Jassen et al,171 RCT NERD and mild esophagitis treated with  
P 20 mg QD for 4 wk

P 20 mg vs P 20 mg 6 mo Premature discontinuation due to 
insufficient symptom control

Hansen et al,170 
2005 

RCT Uninvestigated GERD received E 40 mg 
QD for 4 wk

E 20 mg vs E 20 mg 6 mo Relapse is defined if they need a 
change in therapy, such as  
experiencing a relapse in symptoms

Sjöstedt et al,169 
2005

RCT Investigated GERD (LA grades A-D),  
with endoscopically healed after E 40 mg 
QD for 4-8 wk

E 20 mg vs E 20 mg 6 mo Relapse defined as if moderate or 
severe heartburn persisted for 3 
consecutive days

Morgan et al,168 
2007

RCT Minimum 3-month history of GERD who 
did on continuous daily PPI therapy for  
at least one month

R 20 mg vs R 20 mg 6 mo Discontinuing for inadequate 
heartburn control

Szucs et al,167 
2009

RCT Uninvestigated patients with GERD who 
demonstrated complete relief of symptoms 
after an initial treatment of 4 wk with  
E 40 mg

E 20 mg vs E 20 mg 26 wk Relapse is defined as the “need for 
a change of therapy.” 

van der Velden 
et al,166 2010

RCT Continuous proton pump inhibitor or  
histamine-2-receptor antagonist) for > 6 mo

P 20 mg vs P 20 mg 13 wk Discontinuing for inadequate relief 
and usage of rescue medication

Bayerdörffer et 
al,165 2016

RCT NERD who were heartburn-free after 4 wk’ 
treatment with E 20 mg daily

E 20 mg vs E 20 mg 6 mo Premature discontinuation due to 
unsatisfactory treatment

PPI, proton pump inhibitor; RCT, randomized controlled trial; NERD, non-erosive reflux disease; P, pantoprazole; E, esomeprazole; R, rabeprazole; QD, once a 
day; GERD, gastroesophageal reflux disease; LA, Los Angeles classification.



Records identified through databases searching

(N = 1278)

PubMed (n = 699)

KoreaMed (n = 182)

Embase (n = 352)

Cochrane library (n = 45)

Duplicates removed (n = 244)

Records screened (n = 1034)

Full-text articles assessed for eligibility (n=105)

Studies included for synthesis (n = 73)

Records excluded by title and abstract

screening (n = 926)

Records excluded according to

selection criteria (n = 32)

1. No relevant population (n =14)

2. Study in referral hospital (n = 13)

3. No relevant definition of GERD (n = 5)

4. Non English article (n = 6)

5. Duplicate data/publication (n = 3)

6. No full text available (n = 1)
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Supplementary Figure 1. The Pre-
ferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) 
flow diagram of the systematic review 
process of the epidemiology of gastro-
esophageal reflux disease in Asia.



2010-2019

Min (2014)

Hung (2011)

Tan (2016)

Zhang (2019)

Cai (2015)

Niu (2012)

Mungan (2012)

Alsuwat (2018)

Almadi (2014)

Darvishmoghadam (2016)

Vossoughinia (2014)

Mansour-Ghanaei (2013)

Pourhoseingholi (2012)

Koul (2018)

Wang (2016)

Bhatia (2011)

Chong (2013)

Ghosh (2018)

Shaha (2012)

Abdullah (2016)

Subtotal (I = 99.55%, = 0.00)

2000-2009

Lee (2009)

Yang (2008)

Cho (2005)

Cheung (2007)

Ma (2009)

Li (2008)

Chen (2005)

Wang (2004)

Kitapcioglu (2007)

Sperber (2007)

Mostaghni (2009)

Solhpour (2008)

Nasseri-Moghaddam (2008)

Nouraie (2007)

Ehsani (2007)
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Lim (2005)
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2 P

(I = 98.93%, = 0.00)

Heterogeneity between groups: = 0.092

Overall (I = 99.42%, = 0.00);

2

2

P

P
P

0.07 (0.06, 0.08)

0.25 (0.23, 0.28)

0.04 (0.03, 0.05)

0.11 (0.10, 0.12)

0.05 (0.04, 0.06)
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Study ES (95% CI)
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Supplementary Figure 2. Forest plot comparison of the prevalence of gastroesophageal reflux disease in population-based studies for 2 periods, 
2000-2009 and 2010-2019. ES, effect size.



2010-2019

Wang (2019)

Mochizuki (2018)

Minatsuki (2013)

Kaji (2010)

Kim (2019)

Nam (2019)

Kim (2013)

Choi (2013)

Noh (2010)

Hsu (2015)

Li (2015)

Murao (2011)

Shiota (2012)

Subtotal (I = 99.40%, = 0.00)

2000-2009

Fugiwara (2005)

Kim (2008)

Kang (2007)

Subtotal

2 P

(I = 99.59%, = 0.00)

Heterogeneity between groups: = 0.000

Overall (I = 99.59%, = 0.00);

2

2

P

P
P

0.17 (0.16, 0.19)

0.17 (0.16, 0.18)

0.07 (0.06, 0.07)

0.08 (0.07, 0.09)

0.06 (0.06, 0.07)

0.15 (0.14, 0.16)

0.20 (0.18, 0.22)

0.15 (0.14, 0.16)

0.15 (0.14, 0.17)
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0.07 (0.06, 0.07)

0.05 (0.04, 0.05)

0.08 (0.07, 0.09)

0.06 (0.04, 0.09)

0.13 (0.10, 0.17)

Study ES (95% CI)

0.2 0 0.60.2 0.4

Prevalence

0.4

Supplementary Figure 3. Forest plot comparison of the prevalence of gastroesophageal reflux disease in observational studies of subjects who underwent 
medical check-ups in 2000-2009 and 2010-2019. ES, effect size.



2010-2019

Wang (2019)

Mochizuki (2018)

Minatsuki (2013)

Nam (2019)

Noh (2010)

Murao (2011)

Subtotal (I = 99.44%, = 0.00)

2000-2009

Kim (2008)

2 P

Heterogeneity between groups: = 0.012

Overall (I = 99.62%, = 0.00);

P
P2

0.08 (0.07, 0.09)

0.05 (0.04, 0.05)

0.16 (0.15, 0.17)

0.08 (0.07, 0.08)

0.03 (0.02, 0.04)

0.12 (0.11, 0.13)

0.08 (0.05, 0.12)

0.04 (0.04, 0.04)

0.07 (0.04, 0.11)

Study ES (95% CI)

0.1 0 0.30.1 0.2

Prevalence

0.2

Supplementary Figure 4. Forest plot comparison of non-erosive reflux disease prevalence in observational studies of subjects who underwent 
medical check-ups in 2000-2009 and 2010-2019. ES, effect size.



2010-2019

Wang (2019)

Chiba (2012)

Kim (2019)

Baeg (2018)

Lee (2017)

Ko (2017)

Seo (2013)

Kim (2013)

Nam (2019)

Nam (2018)

Kim (2011)

Choi (2013)

Noh (2010)

Li (2015)

Murao (2011)

Subtotal (I = 97.52%, = 0.00)

2000-2009

Peng (2009)

Tseng (2008)

Moke (2007)

Fugiwara (2003)

Kim (2008)

Song (2009)

Kim (2009)

Lee (2001)

Shim (2009)

Kim (2009)

Kang (2007)

Chen (2007)

Lien (2009)

Chua (2009)

Subtotal

2 P

(I = 99.48%, = 0.00)

Heterogeneity between groups: = 0.074

Overall (I = 99.12%, = 0.00);

2
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P

P
P
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0.15 (0.14, 0.16)
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Supplementary Figure 5. Forest plot comparison of the prevalence of erosive reflux disease in observational studies of subjects who underwent 
medical check-ups in 2000-2009 and 2010-2019. ES, effect size. 



Records identified through databases searching

(N = 479)

Duplicates removed (n = 477)

Records screened (n = 477)

Full-text articles assessed for eligibility (n = 53)

Studies included for qualitative synthesis (n = 25)

Studies included for quantitative synthesis

(Meta-analysis) (n = 17)

Records excluded by title and

abstract screening (n = 424)

Records excluded according to

selection criteria (n = 28)

1. No extractable data for calculation

sensitivity/specificity (n = 25)

2. No appropriate reference test

(n = 3)
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Supplementary Figure 6. The Pre-
ferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) 
flow diagram of the systematic review 
process of the diagnostic performance 
of empirical proton pump inhibitors in 
gastroesophageal reflux disease.



Study (author/year)

Zhou/2014

Venables/1997

Varannes/2006

Schenk/1997

Ofman/1999

Leone/2010

Lee/2011

Jonasson/2013

Johnsson/1998

Hatlebakk/1998

Hansen/2003

Hansen/2001

Fass/2000

Dent/2010

Cho/2010

Bate/1999

Aanen/2006

Combined

Sensitivity (95% CI)

0.66 [0.61-0.71]

0.42 [0.35-0.50]
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0.88 [0.71-0.96]

. [.-.]
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Supplementary Figure 7. Forest plot of sensitivity and specificity in a trial of proton pump inhibitors.



Univariable meta-regression and subgroup analyses

0.19

No

0.60

Specificity (95% CI)
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Duration yes

* < 0.05, ** < 0.01, *** < 0.001P P P

0.64

No

0.90

Sensitivity (95% CI)

***Dose yes

No

Duration yes

Supplementary Figure 8. Forest plot of subgroup analysis of dose 
(single versus double) and duration (< 2 weeks versus > 2 weeks) of 
proton pump inhibitors.



Study

Saraswat VA, 1994

Wu B, 1999

Chun HJ, 2000
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Study or subgroup Events Total Weight M-H, random, 95% CI YearTotalEvents

Orlando 2010

Chen 2010

Kinoshita 2012

Heterogeneity: Tau = 0.04; Chi = 6.04, df = 2 ( = 0.05); I = 67%

Test for overall effect: Z = 1.91 ( = 0.06)

Total (95% CI)

Total events
2 2 2P

P

0.94 [0.68, 1.31]

1.51 [1.14, 2.00]

1.50 [1.19, 1.87]

1.31 [0.99, 1.73]

2010

2010

2012

Experimental Control Risk ratio

M-H, random, 95% CI

Risk ratio

Favors [experimental] Favors [control]

0.01 0.1 1 10 100

41

62

80

183

99

100

111

310

40

41

53

134

91

110

110

301

29.3%

33.1%

37.6%

100.0%

Supplementary Figure 10. 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.



Study or subgroup Events Total Weight M-H, random, 95% CI YearTotalEvents

Chen 2010

Kinoshita 2012

Heterogeneity: Tau = 0.00; Chi = 0.93, df = 1 ( = 0.34); I = 0%

Test for overall effect: Z = 4.24 ( < 0.0001)

Total (95% CI)

Total events
2 2 2P

P

1.23 [1.06, 1.43]

1.38 [1.15, 1.66]

1.29 [1.15, 1.45]

2010

2012

Experimental Control Risk ratio

M-H, random, 95% CI

Risk ratio

Favors [experimental] Favors [control]

0.01 0.1 1 10 100

86

89

175

100

111

211

70

64

134

100

110

210

59.7%

40.3%

100.0%

Supplementary Figure 11. Forest plot of symptom resolution in the double and standard dose proton pump inhibitor at 8 weeks. M-H, Mantel-
Haenszel.



Study or subgroup Events Total Weight M-H, random, 95% CITotalEvents

Armstrong 2004

Bardhan 2007

Castell 2002

Eggleston 2009

Fennerty 2005

Gilesen 2004

Glatzel 2007

Howden 2002

Kahrilas 2000

Labenz 2005

Moraes-Filho 2014

Richter 2001

Schmitt 2006

Scholten 2003

Zheng 2009

Heterogeneity: Tau = 0.00; Chi = 48.29, df = 10 ( < 0.00001); I = 79%

Test for overall effect: Z = 2.44 ( = 0.01)

Total (95% CI)

Total events
2 2 2P

P

1.02 [0.95, 1.10]

1.01 [0.88, 1.17]

Not estimable

1.10 [0.99, 1.22]

1.13 [1.04, 1.24]

0.94 [0.72, 1.23]

Not estimable

Not estimable

1.13 [1.03, 1.24]

1.09 [1.04, 1.13]

1.00 [0.87, 1.14]

1.18 [1.11, 1.25]

1.03 [0.94, 1.12]

0.99 [0.96, 1.02]

Not estimable

1.06 [1.01, 1.12]

Experimental Control Risk ratio

M-H, random, 95% CI

Risk ratio

Favors [experimental] Favors [control]

0.01 0.1 1 10 100

485
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0
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344
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0

0
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374

103

0
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0
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0

0
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0
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0
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0
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0

0
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112

0

6762

10.6%

6.3%

8.7%

9.5%

2.8%

9.4%

12.3%

6.9%

11.2%

9.6%

12.7%

100.0%

Supplementary Figure 12. Forest plot of symptom relief in subjects on esomeprazole 40 mg per day and other standard dose proton pump inhibi-
tors at 4 weeks. M-H, Mantel-Haenszel.



Study or subgroup Events Total Weight M-H, random, 95% CITotalEvents

Armstrong 2004

Bardhan 2007

Castell 2002

Eggleston 2009

Fennerty 2005

Gilesen 2004

Glatzel 2007

Howden 2002

Kahrilas 2000

Labenz 2005

Moraes-Filho 2014

Richter 2001

Schmitt 2006

Scholten 2003

Zheng 2009

Heterogeneity: Tau = 0.00; Chi = 32.49, df = 9 ( = 0.0002); I = 72%

Test for overall effect: Z = 3.04 ( = 0.002)

Total (95% CI)

Total events
2 2 2P

P

Not estimable

0.96 [0.90, 1.03]

Not estimable

Not estimable

1.06 [1.00, 1.13]

1.03 [0.93, 1.14]

Not estimable

0.98 [0.90, 1.05]

1.08 [1.04, 1.12]

1.03 [1.01, 1.05]

1.05 [0.99, 1.11]

1.11 [1.08, 1.14]

1.03 [0.99, 1.06]

Not estimable

1.07 [0.99, 1.15]

1.04 [1.02, 1.07]

Experimental Control Risk ratio

M-H, random, 95% CI

Risk ratio

Favors [experimental] Favors [control]

0.01 0.1 1 10 100
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0
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0
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1562
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5357
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0

388

69

0
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0
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4766

0
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0

0
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0
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0
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5508

8.0%

8.9%

5.2%

7.2%

12.7%

14.4%

9.3%

13.7%

12.6%

7.8%

100.0%

Supplementary Figure 13. Forest plot of symptom relief in subjects on esomeprazole 40 mg per day and other standard dose proton pump inhibi-
tors at 8 weeks. M-H, Mantel-Haenszel.



Study or subgroup Events Total Weight M-H, random, 95% CI YearTotalEvents

Sjostedt 2005

Hansen 2005

Janssen 2005

Morgan 2007

Szucs 2009

van der Velden 2010

Bayerdorffer 2016

Heterogeneity: Tau = 0.31; Chi = 29.86, df = 6 ( < 0.0001); I = 80%

Test for overall effect: Z = 1.53 ( = 0.13)

Total (95% CI)

Total events
2 2 2P

P

4.24 [2.32, 7.77]

1.56 [1.09, 2.22]

0.77 [0.38, 1.55]

2.09 [0.53, 8.19]

1.01 [0.70, 1.43]

2.99 [1.23, 7.28]

0.65 [0.37, 1.13]

1.46 [0.90, 2.38]

2005

2005

2005

2007

2009

2010

2016

On demand PPI Continuous PPI Risk ratio

M-H, random, 95% CI

Risk ratio

Favors on-demand Favors continuous

0.01 0.1 1 10 100
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15.7%
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Supplementary Figure 14. 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.



Study or subgroup Events Total Weight M-H, random, 95% CI YearTotalEvents

6.1.1. Symptomatic GERD

Subtotal (95% CI)

Hansen 2005

Morgan 2007

Szucs 2009

Total events

Heterogeneity: Tau = 0.04; Chi = 3.44, df = 2 ( = 0.18); I = 42%

Test for overall effect: Z = 1.37 ( = 0.17)

Bayerdorffer 2016

Heterogeneity: Not applicable

Test for overall effect: Z = 1.54 ( = 0.12)

Janssen 2005

Van der Velden 2010

Heterogeneity: Tau = 0.77; Chi = 5.62, df = 1 ( = 0.02); I = 82%

Test for overall effect: Z = 0.57 ( = 0.57)

Sjostedt 2005

Heterogeneity: Not applicable

Test for overall effect: Z = 4.68 ( < 0.00001)

Heterogeneity: Tau = 0.31; Chi = 29.86, df = 6 ( < 0.0001); I = 80%

Test for overall effect: Z = 1.53 ( = 0.13)

Test for subgroup differences: Chi = 20.48, df = 3 ( = 0.0001), I = 85.4%

2 2 2

2 2 2

2 2 2

2 2

P
P

P

P
P

P

P
P

P

6.1.2 NERD only

6.1.3 NERD and mild EE

6.1.4 All EE

Total (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Total events

Total events

Total events

Total events

69

6

60

135

19

19

13

34

47

49

49

250

634

131

991

301

215

141

234

1756

301

356

234

2647

46

3

55

104

29

29

17

5

22

12

12

167

658

137

913

297

217

62

243

1708

297

279

243

2527

17.8%

7.7%

17.8%

15.7%

14.0%

11.9%

15.1%

43.3%

15.7%

25.9%

15.1%

100.0%

1.56 [1.09, 2.22]

2.09 [0.53, 8.19]

1.01 [0.70, 1.43]

1.29 [0.89, 1.87]

0.65 [0.37, 1.13]

0.65 [0.37, 1.13]

0.77 [0.38, 1.55]

2.99 [1.23, 7.28]

1.48 [0.39, 5.63]

4.24 [2.32, 7.77]

4.24 [2.32, 7.77]

1.46 [0.90, 2.38]

2005

2007

2009

2006

2005

2010

2005

On demand PPI Continuous PPI Risk ratio

M-H, random, 95% CI

Risk ratio

Favors on-demand Favors continuous

0.01 0.1 1 10 100

Supplementary Figure 15. 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 disease; EE, 
erosive esophagitis. M-H, Mantel-Haenszel.



Study or subgroup Events Total Weight M-H, random, 95% CI YearTotalEvents

Sjostedt 2005

Hansen 2005

Morgan 2007

Szucs 2009

Bayerdorffer 2016

Heterogeneity: Tau = 0.00; Chi = 21.18, df = 4 ( = 0.0003); I = 81%

Test for overall effect: Z = 1.79 ( = 0.07)

Total (95% CI)

Total events
2 2 2P

P

2005

2005

2007

2009

2016

On demand PPI Continuous PPI Risk ratio

M-H, random, 95% CI

Risk ratio

Favors continuous Favors on-demand

0.01 0.1 1 10 100

225

478

104

932

246

1985

234

634

131

991

301

2291

241

541

126

849

246

2003

243

658

137

913

297

2248

25.6%

19.8%

12.1%

26.3%

16.3%

100.0%

0.97 [0.94, 1.00]

0.92 [0.87, 0.97]

0.86 [0.78, 0.95]

1.01 [0.99, 1.04]

0.99 [0.92, 1.06]

0.96 [0.92, 1.00]

Supplementary Figure 16. 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.



Study or subgroup Weight IV, random, 95% CI Year

Janssen 2005

Bayerdorffer 2016

Heterogeneity: Tau = 0.00; Chi = 7.32, df = 1 ( = 0.007); I = 86%

Test for overall effect: Z = 11.56 ( < 0.00001)

Total (95% CI)
2 2 2P

P

2005

2016

On demand PPI Continuous PPI Mean difference

Favors [experimental] Favors [control]
100 50 0 50 100

0.51

0.41

0.31

0.25

215

301

516

47.8%

52.2%

100.0%

0.42 [ 0.47, 0.37]

0.50 [ 0.53, 0.47]

0.46 [ 0.54, 0.38]0.46 [ 0.54, 0.38]

Mean TotalSD IV, random, 95% CI

Mean difference

Mean TotalSD

0.93

0.91

0.17

0.16

217

297

514

Supplementary Figure 17. Forest plot of medication use between on-demand proton pump inhibitor (PPI) and continuous PPI groups in long-
term management.



Study or subgroup Weight

Achem 1997

Bautista 2004

Dickman 2005

Fass 1998

Flook 2013

Pandek 2002

Heterogeneity: Chi = 23.03, df = 5 ( = 0.0003); I = 78%

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

Total (95% CI)

Total events
2 2P

P

PPI Placebo

M-H, fixed, 95% CI

3.89 [0.80, 18.97]

12.25 [2.54, 58.97]

13.00 [2.40, 70.46]

10.20 [2.62, 39.72]

1.85 [1.13, 3.04]

171.00 [14.24, 2053.25]

3.61 [2.46, 5.29]

Odds ratio

Deterioration Improvement

0.01 0.1 1 10 100

Events Total

7

14

12

18

55

18

124

16

18

16

23

142

20

235

TotalEvents

3

4

3

6

39

1

56

18

18

16

23

153

20

248

5.7%

3.2%

2.7%

4.7%

83.2%

0.4%

100.0%

M-H, fixed, 95% CI

Odds ratio

Supplementary Figure 18. 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.



Study or subgroup

Achem 1997

Bautista 2004

Dickman 2005

Fass 1998

Flook 2013

Pandek 2002

Heterogeneity: Chi = 6.24, df = 4 ( = 0.18); I = 36%

Test for overall effect: Z = 0.00 ( = 1.00)

Total (95% CI)

Total events
2 2P

P

Not estimable

M-H, fixed, 95% CI

0.25 [0.06, 1.05]

0.50 [0.10, 2.41]

2.00 [0.20, 19.62]

1.12 [0.75, 1.69]

2.00 [0.59, 6.79]

1.00 [0.70, 1.42]

Risk ratio

Deterioration Improvement

0.01 0.1 1 10 100

PPI
Events Total

0

2

2

2

37

6

49

0

22

19

14

136

18

209

Placebo

TotalEvents

0

8

4

1

32

3

48

0

22

19

14

132

18

205

Weight

16.5%

8.3%

2.1%

67.0%

6.2%

100.0%

M-H, fixed, 95% CI

Risk ratio

Supplementary Figure 19. 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.



Study or subgroup Log [effect size] Weight IV, random, 95% CISE

1.1.1 Case-control study (odds ratio)

Subtotal (95% CI)

1.1.2 Cohort study (hazard ratio)

Subtotal (95% CI)

2006, de Jonge

2015, Masclee

2018, Tan

Heterogeneity: Tau = 1.40; Chi = 29.54, df = 2 ( < 0.00001); I = 93%

Test for overall effect: Z = 1.45 ( = 0.15)

2004, Hillman

2009, Nguyen

2011, Jung

2013, Kastelein

2016, Krishnamoorthi

Heterogeneity: Tau = 0.11; Chi = 6.15, df = 4 ( = 0.19); I = 35%

Test for overall effect: Z = 4.36 ( < 0.0001)

2 2 2

2 2 2

P
P

P
P

0.09 [0.05, 0.16]

0.90 [0.40, 2.01]

0.59 [0.35, 0.99]

0.36 [0.09, 1.44]

0.05 [0.01, 0.37]

0.42 [0.18, 0.98]

0.23 [0.03, 1.74]

0.21 [0.07, 0.64]

0.43 [0.36, 0.52]

0.33 [0.20, 0.54]

Effect size

33.7%

32.1%

34.2%

5.3%

21.3%

5.4%

14.6%

53.3%

100.0%

100.0%

2.40795

0.10536

0.52763

3.03655

0.8675

1.46968

1.56065

0.84397

0.299897

0.410578

0.265253

1.044495

0.434893

1.032897

0.572394

0.0938

Lower risk in [PPI user] Lower risk in [non-PPI user]

0.01 0.1 1 10 100

IV, random, 95% CI

Effect size

Supplementary Figure 20. Forest plot of the odds ratio of proton pump inhibitor (PPI) medication in the risk of progression into high-grade 
dysplasia or adenocarcinoma.



Study or subgroup Log [odds ratio] Weight IV, random, 95% CISE

Beaulieu 2007

Dalton 2009

Dial 2004

Dubberke 2007

Faleck 2016

Howell 2010

Ingle 2011

Khan 2012

Khanafer 2013

Lewis 2016

Loo 2011

Peled 2007

Pepin 2005

Ro 2016

Roughead 2016

Southern 2010

Heterogeneity: Tau = 0.26; Chi = 108.62, df = 15 ( < 0.00001); I = 86%

Test for overall effect: Z = 4.77 ( < 0.00001)

Total (95% CI)
2 2 2P

P

Odds ratio

0.3293

0.6729

0.7419

0.6831

0.4463

0.5539

0.6098

1.1694

0.9361

1.8656

0.9708

1.3244

0

1.1939

0.8755

0.8416

0.1996

0.1644

0.2736

0.2772

0.1448

0.1146

0.7185

0.4994

0.6819

0.2941

0.2216

0.4621

0.1203

0.4023

0.1192

0.3449

7.4%

7.7%

6.6%

6.6%

7.9%

8.1%

2.9%

4.3%

3.1%

6.4%

7.2%

4.7%

8.1%

5.2%

8.1%

5.8%

100.0%

1.39 [0.94, 2.06]

1.96 [1.42, 2.71]

2.10 [1.23, 3.59]

1.98 [1.15, 3.41]

0.64 [0.48, 0.85]

1.74 [1.39, 2.18]

1.84 [0.45, 7.52]

3.22 [1.21, 8.57]

2.55 [0.67, 9.70]

6.46 [3.63, 11.50]

2.64 [1.71, 4.08]

3.76 [1.52, 9.30]

1.00 [0.79, 1.27]

3.30 [1.50, 7.26]

2.40 [1.90, 3.03]

2.32 [1.18, 4.56]

2.03 [1.52, 2.72]

Favors [experimental]

0.01 0.1 1 10 100

IV, random, 95% CI
Odds ratio

Favors [control]

Supplementary Figure 21. Forest plot of the odds ratio of proton pump inhibitor medication in the risk of Clostridium difficile infection.



Study or subgroup

Ashida 2015

Ashida 2016

Lee 2018

Xiao 2019

Heterogeneity: Chi = 2.53, df = 3 ( = 0.47); I = 0%

Test for overall effect: Z = 1.48 ( = 0.14)

Total (95% CI)

Total events
2 2P

P

1.01 [0.96, 1.06]

1.04 [1.00, 1.07]

1.00 [0.97, 1.03]

1.01 [0.96, 1.07]

1.02 [0.99, 1.04]

M-H, fixed, 95% CI

Risk ratio

Favors [experimental] Favors [control]

0.01 0.1 1 10 100

P-CAB
Events Total

139

203

91

220

653

144

205

92

238

679

PPI

TotalEvents

126

190

87

210

613

132

199

88

230

649

Weight M-H, fixed, 95% CI

Risk ratio

21.0%

30.8%

14.2%

34.1%

100.0%

Supplementary Figure 22. 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.



Study or subgroup

2.1.1 PPI + mosapride vs PPI

Subtotal (95% CI)

2.1.2 PPI + other prokinetics vs PPI

Subtotal (95% CI)

Total (95% CI)

Cho 2013

Hsu 2010

Lee 2017

Madan 2004

Miwa 2011

Wang 2014

Heterogeneity: Tau = 0.00; Chi = 2.27, df = 5 ( = 0.81); I = 0%

Test for overall effect: Z = 3.02 ( = 0.002)

Marakhouski 2017

Shaheen 2015

Yamashita 2019

Heterogeneity: Tau = 0.00; Chi = 1.23, df = 2 ( = 0.54); I = 0%

Test for overall effect: Z = 3.76 ( = 0.0002)

Heterogeneity: Tau = 0.00; Chi = 9.46, df = 8 ( = 0.31); I = 15%

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

Test for subgroup differences: Chi = 5.08, df = 1 ( = 0.02); I = 80.3%

Total events

Total events

Total events

2 2 2

2 2 2

2 2 2

2 2

P
P

P
P

P
P

P

M-H, random, 95% CI

Risk ratioPPI + prokinetics
Events Total

19
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46
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45

48
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25

71
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24
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60
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58

50
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35

311

203

514

PPI

TotalEvents

13

41
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38

193
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51

5

69
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19

50

56

33

95

58

50
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311
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518

Weight

6.8

24.1

14.2

12.5

9.1

16.2%

3.3
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1.1

%

%

%

%

%

%

%

%

82.9%

17.1%

100.0%

Favors [PPI] Favors [PPI + prokinetics]

0.01 0.1 1 10 100

M-H, random, 95% CI

Risk ratio

1.16 [0.80, 1.67]

1.08 [0.91, 1.28]

1.19 [0.94, 1.52]

1.28 [0.99, 1.66]

1.05 [0.77, 1.43]

1.26 [1.01, 1.57]

1.16 [1.05, 1.28]

1.92 [1.12, 3.31]

1.44 [1.11, 1.86]

2.00 [0.76, 5.25]
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Supplementary Figure 23. Forest plot of the risk ratio of proton pump inhibitor (PPI) plus prokinetics treatment in reducing global symptoms of 
gastroesophageal reflux disease. M-H, Mantel-Haenszel.
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Supplementary Figure 24. Forest plot of the risk ratio of proton pump inhibitor (PPI) plus prokinetics treatment in reducing global symptoms of 
refractory gastroesophageal reflux disease. M-H, Mantel-Haenszel.


