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Abstract: Backgrounds: The etiology of gastroesophageal reflux disease (GERD) including reflux
esophagitis and non-erosive reflux disease is multifactorial and a recent meta-analysis showed no
association between the development of GERD and Helicobacter pylori eradication in both Western
and East-Asian populations. However, the problem remains that various inclusion criteria are
used in these studies, which hinders meta-analysis. With a focus on reflux esophagitis with
endoscopic mucosal injury, we meta-analysed to evaluate the association between eradication
and reflux esophagitis and symptoms using a clearly defined set of inclusion criteria. Methods:
We conducted a meta-analysis of studies published up until March 2020, which compared the
incidence of reflux esophagitis and symptoms between patients undergoing H. pylori eradication
therapy in a randomized placebo-controlled trial (Category A); between patients with successful and
failed eradication (Category B); and between patients with successful vs. failed eradication, receipt of
placebo, or no-treatment H. pylori-positives (Category C). Results: A total of 27 studies were included.
Significant statistical effects were found for development of endoscopic reflux esophagitis [relative risk
(RR): 1.46, 95% confidence interval (CI): 1.16–1.84, p = 0.01] or de novo reflux esophagitis (RR: 1.42, 95%
CI: 1.01–2.00, p = 0.03) in the case group that received eradication in all studies, especially in Western
populations. There was no significant difference in the incidence of symptoms after eradication
between patient and control groups, regardless of category, location of population, or baseline disease.
Conclusions: Eradication therapy for H pylori increases the risk of reflux esophagitis, irrespective of
past history of esophagitis. In contrast, no effect was seen on reflux-related symptoms.
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1. Introduction

Gastroesophageal reflux disease (GERD) is defined as the presence of acid-reflux-related symptoms,
or endoscopic esophageal mucosal damage, caused by the abnormal reflux of gastric contents into
the esophagus. GERD includes reflux esophagitis with endoscopically diagnosed mucosal damage,
irrespective of the presence of symptoms and non-erosive reflux disease (NERD). The prevalence of
GERD with reflux esophagitis and NERD has been increasing in East Asian countries, including Japan,
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since the end of the 20th century due to changes in environmental factors [1,2]. In general, the etiology
of GERD is multifactorial and includes frequent and prolonged reflux of gastric contents, status and
size of hiatal hernia, dysfunction of lower esophageal sphincter (LES), dysfunction of esophageal
motility, hypersensitivity, and H. pylori infection. Both the increase in acid secretion and decrease
in LES pressure play important roles in the development of reflux esophagitis. Understanding the
pathophysiology of GERD and reflux esophagitis in individual patients is therefore an important
aspect of treatment.

The Maastricht V/Florence consensus report recommends eradication therapy for H pylori infection
for patients with peptic ulcer, gastric mucosa associated-lymphoid tissue lymphoma, atrophic gastritis,
autoimmune thrombocytopenia, iron deficiency anemia, chronic urticaria, functional dyspepsia,
and reflux esophagitis [3]. Considering the findings of systematic reviews and meta-analysis showing
that H. pylori infection is inversely associated with GERD and reflux esophagitis [4–6], eradication
therapy is also considered to increase the risk of GERD and reflux esophagitis and development of
reflux-related symptoms. Many studies have evaluated the effects of H. pylori eradication on the
development of GERD and reflux esophagitis and reflux-related symptoms, but results have been
inconsistent and inconclusive [7–33]. In their meta-analysis, Xie et al. [34] reported a significantly
increased risk of GERD in cohort studies of patients with successful eradication compared to those
in whom eradication failed [risk ratio (RR): 1.70, 95% confidence interval (CI): 1.30–2.23] and a
significantly increased risk in patients receiving eradication therapy compared with those receiving
placebo (RR: 1.99, 95% CI: 1.23–3.22) in randomized control studies (RCT). However, most meta-analyses
have reported no significant differences in the development of GERD following H. pylori eradication
between patients with eradication and those with persistent infection, regardless of follow-up period,
location (e.g., Western and East Asian populations), or baseline disease (e.g., peptic ulcer, functional
dyspepsia, reflux esophagitis, and GERD) [35–39]. However, these meta-analyses are hindered
by the inconsistencies among inclusion criteria used by the various studies. These inconsistencies
involve variations in outcome measures (e.g., development of GERD, NERD, reflux esophagitis,
and reflux-related symptoms), variations in case status (e.g., patients receiving eradication therapy
and patients with successful eradication), variations in controls (e.g., patients receiving placebo,
patients with failed eradication, and age- and disease-matched patients), and variations in study
design (e.g., RCT, cohort study, and retrospective observational study). A conclusive evaluation of the
associations between eradication therapy and the development of reflux esophagitis, not GERD and
NERD, and reflux-related symptoms therefore requires a clearly defined set of patients and controls
under the same study design.

Here, with a focus on endoscopically diagnosed reflux esophagitis of GERD, we performed a
meta-analysis to compare the incidences of endoscopic reflux esophagitis, de novo reflux esophagitis,
and reflux-related symptoms by dividing studies into three categories by study, setting of cases,
and controls.

2. Materials and Methods

2.1. Search Strategy and Inclusion Criteria

Three researchers (M.S., M.M., and H.M.) independently searched both the PubMed and Cochrane
Library databases using the terms “esophagitis”, “GERD”, “Helicobacter pylori,” and “eradication” and
reviewed the titles and abstracts of all studies identified (Figure 1). The inclusion criteria were (1) RCTs
or prospective cohort studies written in English published up to March 2020; (2) studies that compared
incidence rates of endoscopic reflux esophagitis or reflux-related symptoms after H. pylori eradication
therapy; (3) studies checking outcomes ≥4 weeks after eradication therapy; and (4) studies where the
development of reflux esophagitis was endoscopically evaluated. Exclusion criteria were (1) studies
performed under a retrospective design; (2) single-arm studies; (3) duplicated studies and multiple
reports of the same study; and (4) studies with an abstract only. The full texts of candidate studies
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were then screened to select studies meeting the inclusion criteria. When multiple articles were found,
we used data from that with the latest publication date.J. Clin. Med. 2020, 9, x FOR PEER REVIEW 3 of 20 

 

 

Figure 1. Workflow for the selection of studies comparing incidence rates of endoscopic reflux 
esophagitis and reflux-related symptoms. 

We divided the studies into three categories: Category A were studies that compared the 
incidence rates of reflux esophagitis and reflux-related symptoms between patients receiving H. pylori 
eradication therapy (case) or placebo (control); Category B were studies that compared patients with 
successful eradication (case) or eradication failure and receipt of placebo (control, infection persisted); 
and Category C were studies that compared patients with successful eradication therapy (case) or 
eradication failure, receipt of placebo, and no-receipt of drug/placebo (control, infection persisted) 
[7–33]. Author names, publication year, country where the study was conducted, follow-up period, 
number of patients, smoking habit, alcohol use, sex, age, eradication regimen, eradication rate, and 
incidence rates of endoscopic reflux esophagitis and reflux-related symptoms, such as heart burn, 
discomfort, and chest pain, before and after treatment were extracted from each study. 

2.2. Statistical Analysis 

First, a meta-analysis of RCTs and cohort studies comparing incidence rates of reflux 
esophagitis, de novo reflux esophagitis, and reflux-related symptoms of the case versus control group 
was performed for each of the three categories. RRs and their corresponding 95% CIs were used to 

Figure 1. Workflow for the selection of studies comparing incidence rates of endoscopic reflux
esophagitis and reflux-related symptoms.

We divided the studies into three categories: Category A were studies that compared the
incidence rates of reflux esophagitis and reflux-related symptoms between patients receiving H. pylori
eradication therapy (case) or placebo (control); Category B were studies that compared patients
with successful eradication (case) or eradication failure and receipt of placebo (control, infection
persisted); and Category C were studies that compared patients with successful eradication therapy
(case) or eradication failure, receipt of placebo, and no-receipt of drug/placebo (control, infection
persisted) [7–33]. Author names, publication year, country where the study was conducted, follow-up
period, number of patients, smoking habit, alcohol use, sex, age, eradication regimen, eradication rate,
and incidence rates of endoscopic reflux esophagitis and reflux-related symptoms, such as heart burn,
discomfort, and chest pain, before and after treatment were extracted from each study.
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2.2. Statistical Analysis

First, a meta-analysis of RCTs and cohort studies comparing incidence rates of reflux esophagitis,
de novo reflux esophagitis, and reflux-related symptoms of the case versus control group was performed
for each of the three categories. RRs and their corresponding 95% CIs were used to summarize the effect
of each comparison tested using random-effects models and the calculated results were confirmed in a
fixed-effects model as well [40–42]. Potential study bias in each study was evaluated by funnel plot
tests. Heterogeneity was evaluated by the I2 value and Cochran’s Q. The I2 value was used to assess
the heterogeneity of the studies as follows: 0–39%, low heterogeneity; 40–74%, moderate heterogeneity;
and 75–100%, high heterogeneity.

All meta-analyses were conducted using open-source statistical software (Review Manager
Version 5.3., The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark, 2014).
All p-values were two-sided and p < 0.05 was considered statistically significant. Calculations were
performed using commercial software (SPSS version 20, IBM Inc., Armonk, NY, USA).

3. Results

3.1. Literature Search and Data Extraction

The search strategy yielded 637 potentially eligible studies from the PubMed and Cochrane
Library databases and eight studies by hand-search through other papers and meta-analysis (Figure 1).
On review of titles and abstracts for all potential studies, 50 studies were selected from 645 extracted
studies. Of these, 15 studies met the exclusion criteria (retrospective study design, single arm study,
abstract only, and duplicated study) and eight were reviews, which were excluded. Finally, 27 full
articles were assessed for eligibility (Figure 1) [7–33]. On categorization, 12 studies were assigned to
Category A [7–18], 10 to Category B [19–28], and 5 to Category C [29–33].

Eradication rates for patients receiving eradication therapy in Category A varied (44.5–100%,
mean eradication rate: 77.1% (1492/1933)). In contrast, eradication rates for the control groups
receiving placebo in Category A were 0% to 14.0% (Table 1). In Categories B and C, although all case
patients achieved eradication, eradication rates for controls at the end of the studies were unknown
(Tables 1 and 2). Regarding baseline disease, seven studies (three in Category A, one in Category B,
and three in Category C) investigated the recurrence of GERD and symptoms after eradication therapy
in patients with GERD and reflux esophagitis (Table 1). Eight studies evaluated East Asian populations,
17 studies evaluated Western populations, and two studies were conducted in Brazil.

3.2. Meta-Analysis for Incidence Rate of Reflux Esophagitis, de novo Esophagitis, and Symptoms

Of the 27 studies that investigated the development of endoscopically diagnosed reflux esophagitis
and symptoms after eradication, 25 and 18 studies evaluated the incidence of reflux esophagitis and
de novo reflux esophagitis, respectively (Table 2 and Figure 2A,B). When we combined all studies for
meta-analysis, the overall incidence rates of reflux esophagitis and de novo esophagitis in the case
group were 16.8% (603/3580, control group: 6.6%, 224/3405) and 15.3% (456/2974, control group: 6.2%,
101/1624), respectively. In addition, incidence rates of reflux-related symptoms were 21.3% (816/3823)
in the case group and 20.6% (837/4067) in the control group after eradication therapy (Figure 2C).

Compared to the control group, a significant statistical effect was found for the development of
endoscopic reflux esophagitis irrespective of whether they were free from GERD at baseline (relative
risk (RR): 1.46, 95% CI: 1.16–1.840, p = 0.01) or endoscopic de novo reflux esophagitis (RR: 1.42, 95% CI:
1.01–2.00, p = 0.03) in the case group in all studies (Figure 2A,B).

However, we saw no significant difference in reflux-related symptoms after eradication between
the case and control groups in the random-effects model (Figure 2C).
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Table 1. Characteristics of the trials.

Authors (Year) Country Disease
Follow-up
Period

(months)

Number of
Patients/

Controls (n/n)

Patient
Sex

(M/F)

Patient
Age

(year)

Patient
Smoking

(n/n)

Patient
Alcohol

(n/n)
Outcome Eradication Regimen

Eradication
Rate (Patients)

(%, (n/n))

Eradication
Rate (Control)

(%, (n/n))

Category A
Befrits et al. (2000) [7] Norway DU 24 110/55 NA NA NA NA de novo O (40)/A (750), 2 weeks 49/110 (44.5%) 1/55 (1.8%)

Bytzer et al. (2000) [8] Denmark DU 24 139/137 104/35 53.4 ± 13.0 67/139 NA de novo O (20)/A (750, t)/M (500, t),
2 weeks 84/139 (60.4%) NA

Moayyedi et al. (2001) [9] England GERD 12 93/97 38/47 47.4 ± 12.5 27/85 56/85 de novo O (20)/Tinidazole (500)/C (250),
1 week 70/85 (82.4%) 12/93 (12.9%)

Wu et al. (2002) [10] Hong Kong RR 4 14/11 9/5 51.3 ± 12.3 2/14 NA Recurrent O (20)/A (1000)/C (500), 1 week 14/14 (100%) NA
Wu et al. (2004) [11] Hong Kong GERD 12 53/51 26/27 54.0 ± 13.8 7/53 10/53 Recurrent O (20)/A (1000)/C (500), 1 week 52/53 (98.1%) 2/51 (3.9%)

Kupcinskas et al.
(2004) [12] Lithuania DU 12 163/42 106/57 41.6 ± 13.2 73/163 NA de novo

R (300)/A (1000)/M (400),
2 weeks or FAM (40)/A

(1000)/M (400), 2 weeks, or O
(20)/C (250)/M (400), 1 week, or

O (20)/A (1000)/M (800),
1 week, or O (20)/A (1000)/C

(500), 1 week

92/163 (56.4%) NA

Harvey et al. (2004) [13] England Gastritis 24 787/771 385/402 NA 362/767 140/767 de novo Ranitidine bismuth (400)/C
(500), 2 weeks 659/727 (90.6%) 99/706 (14.0%)

Ott et al. (2005) [14] Brazil FD 12 82/75 18/64 41.5 ± 12.0 17/82 10/82 de novo L (30)/A (1000)/C (500), 10 days 74/82 (90.2%) 1/75 (1.3%)
Vakil et al. (2006) [15] Western FD 12 297/306 116/181 49 ± 14 77/297 NA de novo O (20)/A (1000)/C (500), 1 week 243/297 (81.8%) 10/306 (3.7%)

Jonaitis et al. (2008) [16] Lithuania GU 12 54/34 27/17 51.3 ± 13.7 14/44 NA de novo

O (20)/A (1000)/C (500), 1 week
or O (20)/A (1000)/M (400),

1 week or ranitidine (300)/A
(1000)/C (500), 2 weeks

25/44 (56.8%) 0/25 (0%)

Jonaitis et al. (2010) [17] Lithuania DU 12 119/31 NA NA NA NA de novo

O (20)/A (1000)/C (500), 1 week
or O (20)/A (1000)/M (400),

1 week or ranitidine (300)/A
(1000)/C (500), 2 weeks

70/119 (58.8%) 0/31 (0%)

Schwizer et al.
(2013) [18] Europe GERD 2.7 100/98 NA 49 (20–75) NA NA Recurrent E (20)/A (1000)/C (500), 1 week 59/100 (59.0%) NA

Category B

Fallone et al. (2000) [19] Canada DU 12 63/34 45/18 48 ± 14 22/63 35/63 de novo Bismuth/M/A or
Bismuth/M or M 63/87 (72.4%)

Vakil et al. (2000) [20] USA DU 12 64/178 56/8 49 ± 12 17/64 19/64 de novo Ranitidine bismuth/C or
Ranitidine bismuth/A 64/242 (26.4%)

McColl et al. (2000) [21] Scotland PU 6 86/11 NA NA NA NA de novo
O (20)/M (400, t)/A (500, t) or O

(20)/M (400, t)/TC (500, t),
2 weeks

70/97 (72.2%)

Kim et al. (2001) [22] Korea PU 24 125/61 105/20 NA 75/125 79/125 de novo O (20)/A (750)/C (200),
1–2 weeks 125/186 (67.2%)
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Table 1. Cont.

Authors (Year) Country Disease
Follow-up
Period

(months)

Number of
Patients/

Controls (n/n)

Patient
Sex

(M/F)

Patient
Age

(year)

Patient
Smoking

(n/n)

Patient
Alcohol

(n/n)
Outcome Eradication Regimen

Eradication
Rate (Patients)

(%, (n/n))

Eradication
Rate (Control)

(%, (n/n))

Malfertheiner et al.
(2002) [23] Germany PU 6 369/993 NA NA NA NA de novo

O (20)/A (1000)/C (500) or O
(20)/M (400)/C (250) or O

(20)/A (1000)/M (400) or A
(1000)/C (500) or M (400)/C

(250), 7 days

369/1421
(26.9%)

Laine et al. (2002) [24] USA DU 8 621/544 NA NA NA NA de novo

O (40)/A (500, t), 2 weeks or O
(20)/A (1000, t), 2 weeks or O
(20)/A (1000)/C (500), 10 days
or E (40)/A (1000)/C (500), 10

days or E (40)/C (500), 10 days
or E (40)/A (1000)/C (500), 10

days

621/1165
(53.3%)

Vaira et al. (2003) [25] Italy Gastritis 102 81/88 56/25 47 ± 12 9/81 15/81 de novo Unknown 81/169 (47.9%)

Tsukada et al. (2006) [26] Japan PU 48 119/34 NA NA NA NA de novo L (30)/A (750)/C (200 or 400),
1 week 119/163 (73.0%)

Take et al. (2009) [27] Japan PU 43 1000/187 NA NA NA NA de novo

O (20)/A (750)/C (200 or 400) or
L (30)/A (750)/C (200 or 400) or
R (10)/A (750)/C (200 or 400),

1 week

NA

Xue et al. (2015) [28] China RR 2 92/84 69/23 48.3 ± 13.0 23/69 16/76 Healing
E (20)/A (1000)/C (500), 1 week,
or sequential regimen (E/A +

E/C/tinidazole), 10 days
92/176 (52.3%)

Category C
Labenz et al. (1997) [29] Germany DU 17 244/216 155/92 52.9 ± 14.5 115/244 81/244 de novo Unknown 244/460 (53.0%)

Schwizer et al.
(2001) [30] Switzerland GERD 6 13/16 2/11 54 ± 9 NA NA Recurrent L (30)/A (1000)/C (500), 10 days 13/20 (65.0%)

Nam et al. (2010) [31] Korea RR 24 465/1591 NA NA NA NA de novo L (30)/A (1000)/C (500), 1 week 421/548 (76.8%)

Kim et al. (2011) [32] Korea PU 24 233/114 NA NA NA NA de novo

1st, PPI/A (1000)/C (500),
1 week, 2nd, E (20)/bismuthate
(300, q)/M (500, t)/TC (500, q),

1–2 weeks

233/347 (67.1%)

Rodrigues et al.
(2012) [33] Brazil GERD 3 9/10 6/3 37.4 ± 12.5 NA 3/9 de novo L (30)/A (1000)/C (500), 1 week 9/11 (81.8%)

Abbreviations: A; amoxicillin, C; clarithromycin, DU; duodenal ulcer, E; esomeprazole, F; female, FAM; famotidine, FD; functional dyspepsia, GERD; gastroesophageal reflux disease, GU;
gastric ulcer, L; lansoprazole, M; male, NA; not available, O; omeprazole, PU; peptic ulcer, q; four-times-daily dosing, R; ranitidine, RR: reflux esophagitis, t; three-time-daily dosing,
TC; tetracycline.
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Table 2. Development of erosive esophagitis and reflux-related symptoms after Helicobacter pylori eradication therapy.

Authors (Year) Number of Patients
at Entry (n)

Number of Patients with RR
at Entry (% (n/n))

Number of Patients with
RR Development after
Eradication (% (n/n))

Number of Patients with
de novo RR Development

after Eradication (n)

Number of Patients with
Symptoms at Entry (% (n/n))

Number of Patients with
Symptoms after Eradication

(% (n/n))

Eradicated Control Eradicated Control Eradicated Control Eradicated Control Eradicated Control Eradicated Control

Category A
Befrits et al. [7] 94 51 9% (0/94) 0% (0/51) 10.1% (8/79) 7.6% (5/66) 10.1% (8/79) 7.6% (5/66) NA NA 27.8% (22/79) 43.9% (29/66)
Bytzer et al. [8] 139 137 7.2% (10/139) 5.8% (8/137) 8.5% (6/71) 3.8% (3/80) 2.8% (2/71) 3.8% (3/80) 28.1% (39/139) 25.5% (35/137) 9.9% (7/71) 8.8% (7/80)

Moayyedi et al. [9] 85 93 23.5% (20/85) 20.4% (19/93) 10.5% (4/38) 4.7% (2/43) NA NA 100% (85/85) 100% (93/93) 17.6% (15/85) 16.1% (15/93)
Wu et al. [10] 14 11 100% (14/14) 100% (11/11) 78.6% (11/14) 72.7% (8/11) NA NA 100% (14/14) 100% (11/11) NA NA
Wu et al. [11] 53 51 28.3% (15/53) 31.4% (16/51) 9.4% (5/53) 0% (0/51) 0% (0/53) 0% (0/51) 100% (53/53) 100% (51/51) 28.3% (15/53) 15.7% (8/51)

Kupcinskas et al. [12] 163 42 27.0% (44/163) 26.2% (11/42) 26.3% (43/163) 20.9% (9/43) 4.3% (7/163) 4.7% (2/43) 47.2% (77/163) 40.5% (17/42) 29.4% (48/163) 32.6% (14/43)

Harvey et al. [13] 708 702 NA NA NA NA NA NA 53.4%
(378/708)

52.4%
(368/702)

23.9%
(169/708)

24.2%
(170/702)

Ott et al. [14] 82 75 0% (0/82) 0% (0/75) 11.0% (8/73) 11.7% (7/60) 11.0% (8/73) 11.7% (7/60) 54.9% (45/82) 48.0% (36/75) 50.7% (37/73) 51.7% (31/60)

Vakil et al. [15] 297 306 2.7% (8/297) 1.6% (5/306) 6.5% (15/232) 2.2% (5/227) 5/6%
(13/232) 2.2% (5/227) 75.8%

(225/297)
75.2%

(230/306)
63.4%

(151/238)
63.3%

(145/229)
Jonaitis et al. [16] 44 25 18.2% (8/44) 16.0% (4/25) 12.0% (3/25) 17.2% (5/29) NA NA 18.2% (8/44) 16.0% (4/25) 12.0% (3/25) 26.3% (5/19)

Jonaitis et al. [17] 119 31 0% (0/119) 0% (0/31) 14.3% (17/119) 6.5% (2/31) 14.3%
(17/119) 6.5% (2/31) NA NA NA NA

Schwizer et al. [18] 72 67 NA NA NA NA NA NA NA NA 58.3% (42/72) 52.2% (37/67)
Category B

Fallone et al. [19] 63 24 0% (0/63) 0% (0/24) 20.6% (13/63) 4.2% (1/24) 20.6%
(13/63) 4.2% (1/24) 0% (0/63) 0% (0/24) 28.6% (18/63) 8.3% (2/24)

Vakil et al. [20] 64 178 0% (0/64) 0% (0/178) 0% (0/51) 0% (0/161) 0% (0/51) 0% (0/161) 57.8% (37/64) 51.7% (92/178) 23.5% (12/51) 25.5% (41/161)
McColl et al. [21] 86 11 0% (0/86) 0% (0/11) 5.8% (5/86) 0% (0/11) 5.8% (5/86) 0% (0/11) 0% (0/86) 0% (0/11) 23.8% (15/63) 8.6% (3/35)

Kim et al. [22] 125 61 0% (0/125) 0% (0/61) 4.0% (5/125) 8.2% (5/61) 4.0% (5/125) 8.2% (5/61) NA NA NA NA
Malfertheiner

et al. [23] 369 993 0.6% (1/162) 0.9% (1/107) 3.1% (5/162) 1.9% (2/107) 2.5% (4/162) 1.9% (2/107) 33.5%
(333/993)

40.7%
(150/369)

12.1%
(120/993) 23.6% (87/369)

Laine et al. [24] 621 544 0% (0/621) 0% (0/544) 7.1% (2/28) 6.6% (5/76) 7.1% (2/28) 6.6% (5/76) 0% (0/621) 0% (0/544) 14.1% (13/92) 20.0% (7/35)

Vaira et al. [25] 81 88 0% (0/81) 0% (0/88) 28.8% (21/73) 18.9%
(14/74)

28.8%
(21/73)

18.9%
(14/74) 0% (0/81) 0% (0/88) 1.4% (1/74) 14.0% (12/86)

Tsukada et al. [26] 119 34 0% (0/119) 0% (0/34) 20.2% (24/119) 26.5% (9/34) 11.8%
(14/119) 26.5% (9/34) 0% (0/119) 0% (0/34) NA NA

Take et al. [27] 1000 187 0% (0/1000) 0% (0/187) 27.9%
(279/1000)

13.9%
(26/187)

27.9%
(279/1000)

13.9%
(26/187) NA NA NA NA

Xue et al. [28] 92 84 100% (92/92) 100% (84/84) 19.6% (18/92) 20.2%
(17/84) NA NA 100% (92/92) 100% (84/84) NA NA

Category C

Labenz et al. [29] 244 216 0% (0/244) 0% (0/216) 13.1% (32/244) 3.2% (7/216) 13.1%
(32/244) 3.2% (7/216) 29.9% (73/244) NA 25.0% (61/244) 3.2% (7/216)

Schwizer et al. [30] 13 16 NA NA 71.4% (5/7) 73.3%
(11/15) NA NA 61.5% (8/13) 100% (16/16) 61.5% (8/13) 100% (16/16)

Nam et al. [31] 421 1591 4.0% (17/421) 2.9% (46/1591) 10.0% (42/421) 4.3%
(68/1591) NA NA 6.7% (28/421) 6.2% (99/1591) 10/2% (43/421) 11.8%

(188/1591)

Kim et al. [32] 233 114 0% (0/233) 0% (0/114) 11.2% (26/233) 7.0% (8/114) 11.2%
(26/233) 7.0% (8/114) 0% (0/233) 0% (0/114) 3.4% (8/233) 5.3% (6/114)

Rodrigues et al. [33] 9 10 55.6% (5/9) 50% (5/10) 66.7% (6/9) 20.0% (2/10) NA NA 100% (9/9) 100$ (10/10) 88.9% (8/9) 70.0% (7/10)
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Figure 2. Forest plots of the rate of patients with reflux esophagitis development after eradication
irrespective of whether they were free from gastroesophageal reflux disease (GERD) at baseline (A),
the rate of de novo reflux esophagitis newly developed after eradication (B) and the rate of patients with
reflux-related symptoms after eradication therapy (C) in a random-effects model. Significant differences
in reflux esophagitis and de novo esophagitis were shown between patients receiving eradication therapy
and those receiving placebo. Abbreviations: CI, confidence interval.
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3.3. Meta-Analysis for the Incidence Rate of Reflux Esophagitis and Symptoms in Category A

Of 12 RCTs in Category A, 10 studies endoscopically evaluated the incidence of reflux esophagitis,
eight evaluated de novo reflux esophagitis, and 10 evaluated reflux-related symptoms (Table 2 and
Figure 3A–D). There was no significant difference in the incidence of endoscopic reflux esophagitis
among all RCTs (RR: 1.32, 95% CI: 0.99–1.78) (Figure 3A), in endoscopic reflux esophagitis in seven
studies using patients free from GERD at baseline (RR: 0.97, 95% CI: 0.12–1.68) (Figure 3B), endoscopic
de novo esophagitis (RR: 1.27, 95% CI: 0.78–2.07) (Figure 3C), and reflux-related symptoms (RR: 0.99,
95% CI: 0.90–1.08) (Figure 3D) between patients undergoing eradication and controls receiving placebo
in the random-effects model. Test of heterogeneity was not significant for the meta-analysis (Figure 3A:
p = 0.42, χ2 = 9.24, I2 = 3%, Figure 3B: p = 0.52, χ2 = 5.22, I2 = 0%, Figure 3C: p = 0.86, χ2 = 1.93, I2 = 0%,
and Figure 3D: p = 0.52, χ2 = 8.12, I2 = 0%).

J. Clin. Med. 2020, 9, x FOR PEER REVIEW 11 of 20 

 

3.3. Meta-Analysis for the Incidence Rate of Reflux Esophagitis and Symptoms in Category A 

Of 12 RCTs in Category A, 10 studies endoscopically evaluated the incidence of reflux 
esophagitis, eight evaluated de novo reflux esophagitis, and 10 evaluated reflux-related symptoms 
(Table 2 and Figure 3A–D). There was no significant difference in the incidence of endoscopic reflux 
esophagitis among all RCTs (RR: 1.32, 95% CI: 0.99–1.78) (Figure 3A), in endoscopic reflux esophagitis 
in seven studies using patients free from GERD at baseline (RR: 0.97, 95% CI: 0.12–1.68) (Figure 3B), 
endoscopic de novo esophagitis (RR: 1.27, 95% CI: 0.78–2.07) (Figure 3C), and reflux-related symptoms 
(RR: 0.99, 95% CI: 0.90–1.08) (Figure 3D) between patients undergoing eradication and controls 
receiving placebo in the random-effects model. Test of heterogeneity was not significant for the meta-
analysis (Figure 3A: p = 0.42, χ2 = 9.24, I2 = 3%, Figure 3B: p = 0.52, χ2 = 5.22, I2 = 0%, Figure 3C: p = 0.86, 
χ2 = 1.93, I2 = 0%, and Figure 3D: p = 0.52, χ2 = 8.12, I2 = 0%). 

 
Figure 3. Forest plots of the rate of patients with reflux esophagitis development after eradication 
irrespective of whether they were free from gastroesophageal reflux disease (GERD) at baseline (A), 
reflux esophagitis after eradication in patients that were free from GERD at baseline (B), the rate of de 
novo reflux esophagitis newly developed after eradication (C), and the rate of patients with reflux-
related symptoms after eradication therapy (D) in the random-effects model in Category A. No 
significant difference in reflux esophagitis and symptoms was shown between the case and control 
groups. Abbreviations: CI, confidence interval. 

Figure 3. Forest plots of the rate of patients with reflux esophagitis development after eradication
irrespective of whether they were free from gastroesophageal reflux disease (GERD) at baseline (A),
reflux esophagitis after eradication in patients that were free from GERD at baseline (B), the rate
of de novo reflux esophagitis newly developed after eradication (C), and the rate of patients with
reflux-related symptoms after eradication therapy (D) in the random-effects model in Category A.
No significant difference in reflux esophagitis and symptoms was shown between the case and control
groups. Abbreviations: CI, confidence interval.
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3.4. Meta-Analysis for Incidence Rate of Reflux Esophagitis and Symptoms in Category B

Category B including RCTs and prospective cohort studies investigated the incidence rates
of endoscopic reflux esophagitis and symptoms between patients with successful eradication and
those with failed eradication and receipt of placebo (control, infection persisted). Of 10 studies in
Category B, all studies evaluated incidence of endoscopic reflux esophagitis and endoscopic de novo
reflux esophagitis and six evaluated symptoms (Table 2 and Figure 4A–D). There were no significant
differences in the incidence of endoscopic reflux esophagitis (RR: 0.88, 95% CI: 0.37–2.05) (Figure 4A);
esophagitis in studies using patients free from GERD at baseline (RR: 1.33, 95% CI: 0.87–2.05) (Figure 4B);
de novo esophagitis (RR: 1.17, 95% CI: 0.67–2.06) (Figure 4C); or symptoms (RR: 0.87, 95% CI: 0.46–1.65)
(Figure 4D) in the random-effects model.
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Figure 4. Forest plots of the rate of patients with reflux esophagitis development after eradication
irrespective of whether they were free from gastroesophageal reflux disease (GERD) at baseline (A),
reflux esophagitis after eradication in patients free from GERD at baseline (B), the rate of de novo reflux
esophagitis newly developed after eradication (C), and the rate of patients with reflux-related symptoms
after eradication therapy (D) in the random-effects model in Category B. No significant difference in
reflux esophagitis and symptoms was shown between the case and control groups. Abbreviations: CI,
confidence interval.
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3.5. Meta-Analysis for Incidence Rate of Reflux Esophagitis and Symptoms in Category C

Category C was used to investigate the incidence rates of endoscopically diagnosed reflux
esophagitis and symptoms between patients with successful eradication (case group) and those with
eradication failure, receipt of placebo, and no-receipt of drug/placebo (control group, infection persisted).
Significant differences between the case and control groups were shown in the incidences of endoscopic
reflux esophagitis (RR: 2.03, 95% CI: 1.20–3.42) (Figure 5A), endoscopic esophagitis in studies using
patients free from GERD at baseline (RR: 2.12, 95% CI: 1.29–3.51) (Figure 5B), and endoscopic de novo
reflux esophagitis (RR: 2.52, 95% CI: 1.00–6.31) (Figure 5C) in the random-effects model.
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Figure 5. Forest plots of the rate of patients with reflux esophagitis development after eradication
irrespective of whether they were free from gastroesophageal reflux disease (GERD) at baseline (A),
reflux esophagitis after eradication in patients free from GERD at baseline (B), the rate of de novo reflux
esophagitis newly developed after eradication (C), and the rate of patients with reflux-related symptoms
after eradication therapy (D) in the random-effects model in Category C. Significant differences in
reflux esophagitis and de novo esophagitis were shown between patients with successful eradication
and the control group. Abbreviations: CI, confidence interval.

There was no significant difference in reflux-related symptoms after eradication therapy (RR: 1.26,
95% CI: 0.61–2.60) (Figure 5D).
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3.6. Meta-Analysis for the Incidence Rate of de novo Reflux Esophagitis and Symptoms between Western and
East Asian Populations

We divided the studies into two different populations, Western (North and South America and
Europe) and East Asian populations (Japan, China, and Korea). Overall, the incidence rates of de novo
esophagitis in Western and East Asian populations in the case group were 9.1% (132/1444, the control
group: 4.5%, 53/1176) and 21.2% (324/1530, the control group: 10.7%, 48/447), respectively. Significant
differences were shown in the incidence of endoscopic de novo reflux esophagitis in Western populations
(RR: 1.73, 95% CI: 1.26–2.39) (Figure 6A), but no significant difference was shown in East Asian
populations (RR: 0.99, 95% CI: 0.44–2.23) (Figure 6B).
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Figure 6. Forest plots of the rate of de novo reflux esophagitis newly developed after eradication in
Western populations (A) and East Asian populations (B) and the rate of patients with reflux-related
symptoms after eradication therapy in Western populations (C) and in East Asian populations
(D). Significant differences are seen in the incidence of de novo reflux esophagitis in Western
populations, whereas no significant differences are seen in East Asian populations. Abbreviations: CI,
confidence interval.
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Incidence rates of reflux-related symptoms after eradication in Western and East Asian populations
in the case group were 24.1% (750/3116, the control group: 27.5%, 635/2311) and 9.3% (66/707, the control
group: 11.5%, 202/1756), respectively. There were no significant differences in the incidence of symptoms
in both Western and East Asian populations (Figure 6C,D).

4. Discussion

This meta-analysis of 27 studies evaluated the incidence rates of endoscopic reflux esophagitis
and acid-related symptoms after H pylori eradication therapy with categorization of studies into three
kinds by study design. In the overall analysis, the incidence rates of endoscopic reflux esophagitis
after eradication, including de novo reflux esophagitis, and reflux-related symptoms in studies using
patients free of GERD at baseline were around 15% and 20%, respectively, irrespective of study design.
In this meta-analysis, eradication therapy was associated with an increased risk of endoscopic reflux
esophagitis development. Interestingly, the post-eradication risk of endoscopic reflux esophagitis
and de novo esophagitis differed between Western and East Asian populations. Although patients
with H. pylori-positive pyloric-predominant gastritis, such as Western populations, are hypothesized
to experience inhibition of acid secretion after eradication therapy, this meta-analysis showed that
Western populations had a higher risk of reflux esophagitis after eradication. The differences between
our present and previous meta-analyses are likely due to our clear definition of the patient and control
groups using the same study design [5,34]. Clarification of the characteristics of patients who develop
endoscopic reflux esophagitis following H. pylori eradication therapy among Western populations
is required.

4.1. Acid secretion after H. pylori Eradication Therapy

In general, although H. pylori-negative individuals without gastric mucosal inflammation and
atrophy have a highly acidic intragastric pH of 1–2, acid secretion in H. pylori-positive patients
differs by age and severity of inflammation and atrophy [43,44]. Infection with H. pylori in childhood
results in gastric inflammation. Over time, the area of inflammation extends from the antrum to the
body and finally, the ability to secrete acid decreases through the progressive atrophy-induced
loss of acid-producing cells [45]. In addition, acid secretion is related with the infiltration of
activated inflammatory cells that secrete pro-inflammatory cytokines [45,46]. When pyloric gastritis
is predominant, IL-8 primarily stimulates gastrin-producing cells in the pyloric mucosa, resulting in
hypergastrinemia and a consequent increase in acid secretion. Patients with pyloric-predominant
gastritis are therefore at higher risk of duodenal ulcer and likely, also reflux esophagitis. The effects of
TNF-alpha and IL-1beta are mainly observed after the extension of atrophy to the body. IL-1beta inhibits
acid secretion with 100-fold greater potency than proton pump inhibitors (PPIs) on a molar basis [47].
Therefore, when body gastritis becomes dominant, acid secretion is substantially suppressed [45].
When this stage is reached, H. pylori-infected patients are at an increased risk of gastric ulcers and
cancer, while the risk of reflux esophagitis decreases.

Eradication leads to the resolution of inflammation in the gastric fundic mucosa. The recovery
of acid secretion that follows this resolution has led to concerns about the development of reflux
esophagitis and symptoms [34]. In such patients with pyloric-predominant gastritis and potent acid
secretion, eradication reduces gastrin stimulation by IL-8 and normalizes acid secretion, which is
expected to prevent reflux esophagitis [48]. Koike et al. [49] reported the ability to secrete acid as well
as intragastric pH change following eradication and identified the development of reflux esophagitis
in patients with a substantial recovery in acid secretion after eradication. These findings indicate that
the degree of gastritis at the time of eradication therapy influences the recovery of acid secretion and
the subsequent risk of reflux esophagitis after eradication.
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4.2. Development of Reflux Esophagitis after Eradication Therapy

Although many studies have investigated the development of GERD and/or endoscopic
reflux esophagitis after eradication, including RCTs, prospective cohort studies, and retrospective
observational case-control studies, no conclusive results have yet been obtained [7–33]. In 2003,
Cremonini et al. [5] reported that pooled odds ratios for the development of GERD with inclusion
of endoscopic reflex esophagitis and NERD, de novo GERD, and rebound/exacerbated GERD after
eradication therapy were significantly increased in the case group (OR: 2.54, 95% CI: 1.92–3.37, OR: 3.25,
95% CI: 2.09–5.33 and OR: 2.39, 95% CI 1.75–3.34, respectively), while in 2013, Xie et al. [34] reported a
significantly increased risk of GERD in patients with successful eradication compared with patients
with eradication failure [RR: 1.70, 95% CI: 1.30–2.23] in a meta-analysis using a cohort study and a
significantly increased risk in patients undergoing active eradication compared with those receiving
placebo (RR: 1.99, 95% CI: 1.23–3.22) in a meta-analysis of RCTs. In contrast, another five meta-analyses
failed to show a significant difference in the development of GERD after H. pylori eradication [35–39].
Recent evidence therefore suggests that there is no significant association between eradication therapy
and development of GERD, and however, no evidence for an association with endoscopically diagnosed
erosive esophagitis directly related with acid reflux to the esophagus. Because previous meta-analyses
might not have been conducted with unification by study design (e.g., RCT, prospective cohort studies,
and case-control studies), baseline disease (e.g., peptic ulcer, functional dyspepsia, reflux esophagitis,
and GERD), outcome (e.g., development of GERD, reflux esophagitis and reflux-related symptoms)
and location (e.g., Western and East Asian populations), the possibility of error is present. In addition,
because pathogenesis of GERD and reflux esophagitis differs, in this study we focused on investigating
the association of endoscopic reflux esophagitis and eradication therapy based on categorization by
study design.

In this study, the incidence of endoscopic reflux esophagitis after eradication in the case group
was around 15%, and significant effects were found for the development of reflux esophagitis (RR: 1.46,
95% CI: 1.16–1.840) and de novo esophagitis (RR: 1.42, 95% CI: 1.01–2.00). When we divided studies
into three categories by study design, because sample size in each category will decrease, statistical
analysis weakens. Although different results for Categories B and C are shown, significant risk of
reflux esophagitis was shown in the incidence of reflux esophagitis; of reflux esophagitis in studies
using patients free from GERD at baseline; and of de novo reflux esophagitis in the random-effects
model in Category C. We therefore consider that if patients and controls are clearly categorized under
the same type of study design, the risk of endoscopic reflux esophagitis after eradication therapy will
be shown to increase. In contrast, no significant association will be seen between eradication and the
development of GERD, as shown in previous meta-analyses [35–39].

4.3. Difference of Risk of Reflux Esophagitis after Eradication Therapy between East Asian and
Western Populations

H. pylori infection is a protective factor for GERD and endoscopic reflux esophagitis [21,29,50].
Although the incidence rate of GERD and reflux esophagitis differs between East Asian and Western
populations, this observation is attributable to differences in lifestyle, genetic factors, and virulence of
H. pylori strains [51]. In fact, infection with H. pylori strains with high virulence factors (e.g., oipA, dupA,
cagA and vacA s1m1) induces severe gastric mucosal inflammation with hypochlorhydria, increases in
the risk of severe atrophy, peptic ulcer and gastric cancer. Indeed, most H. pylori strains seen in East
Asian populations are cagA-positive and vacA s1m1-type H. pylori with high virulence [51]. The risk of
reflux esophagitis after eradication might therefore differ between East Asian and Western populations.
In fact, Cremonini et al. [5] reported that GERD development after eradication in East Asian populations
was significantly higher than that in Western populations, while Xie et al. [34] reported a significantly
increased risk of GERD in patients with successful eradication compared to those with eradication
failure (RR: 4.53, 95% CI: 1.66–12.36) in a meta-analysis of Asian studies. However, these meta-analyses
included case-control studies and single-arm non-control studies and investigated associations with
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the development of GERD, but not reflux esophagitis. In this meta-analysis, in contrast, we focused
on reflux esophagitis. Although the overall incidence rate of de novo esophagitis in East Asian
populations was 21.2%, which was higher than that in Western populations (9.1%) after eradication
therapy, significant differences were shown in the incidence of de novo reflux esophagitis in Western
populations (RR: 1.73, 95% CI: 1.26–2.39), but not in East Asian populations. This observation may
suggest that the pathogenesis of GERD and reflux esophagitis differs and that eradication therapy
increases the risk of GERD in East Asian populations. Patients considering eradication therapy should
therefore be required to give carefully informed consent about the possibility of GERD development
and appropriate administration of acid secretion inhibitors should be considered.

4.4. Development of Reflux-Related Symptoms after Eradication Therapy

In previous meta-analysis, no significant differences were observed in heartburn scores, healing,
and relapse rates between H. pylori positives and negatives with endoscopic reflux esophagitis [39] and
there was no significant difference in the rate of symptomatic GERD after eradication between patients
with H. pylori eradicated and those with persistent infection, regardless of follow-up period, location,
or the baseline [37]. Also, in this meta-analysis, we saw no significant difference in reflux-related
symptoms between the case and control groups. However, in clinical practice, for any patients that
experience reflux-related symptoms after eradication, it is required that the characteristics of patients
who develop symptoms after eradication are clarified. Because H. pylori positive-patients have an
increased risk of endoscopic reflux esophagitis, acid reflux is expected to increase, irrespective of the
presence of reflux-related symptoms. In general, an association with endoscopic reflux esophagitis and
reflux is reported.

5. Limitations

This meta-analysis has a few limitations. First, there is a possibility that selection bias exists
because of the exclusion of the studies published in a language other than English, the unpublished
studies, and the abstract alone. Second, because any studies that included patients received a PPI and
H2RAs, this situation may influence the incidence of endoscopic reflux esophagitis and acid-related
symptoms after eradication. We did not do the sub-analysis for the effects of endoscopic reflux
esophagitis development by eradication on the PPI and/or H2RAs therapy. Third, there was a variety
of eradication regimens, kinds and severity of acid-related symptoms, and healing time of endoscopic
reflux esophagitis. Fourth, when we divided the studies into three categories, because the sample
size in each category decreased, this weakened the statistical analysis. Future meta-analyses using
many studies investigating the association between eradication and endoscopic reflux esophagitis
should be reevaluated in a unified manner, with adjustment for background factors and evaluation of
the outcomes.

6. Conclusions

In conclusion, since pharmacotherapy, including H. pylori eradication therapy, inevitably involves
benefits as well as the risk of adverse effects, the advantages and disadvantages should be considered
on a case-by-case basis and only undertaken if the advantages outweigh the disadvantages. Because
H. pylori eradication treatment increases the risk of developing endoscopically diagnosed reflux
esophagitis, particularly in Western populations, physicians should inform patients who received
eradication treatment that they may be required to take medication, such as PPI.
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