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Introduction
Helicobacter pylori infection is a considerable pub-
lic health problem, which affects 24% of people in 
Oceania, 37% in North America, 47% in Europe, 
55% in Asia, 63% in Latin America and 
Caribbean, and 79% in Africa.1,2 H. pylori is asso-
ciated with many upper gastrointestinal diseases, 

such as chronic gastritis, peptic ulcer disease, 
gastric cancer, and mucosa-associated lymphoid 
tissue lymphoma; eradication of H. pylori may 
prevent the development of these diseases.3,4

Standard triple therapy (TT), which consists of 
proton pump inhibitor (PPI), amoxicillin, 
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clarithromycin, or metronidazole, was recom-
mended as the first-line eradication therapy.5 
Unfortunately, increasing resistance to antibiotics 
impaired the efficacy of standard TT.6 The preva-
lence of clarithromycin and metronidazole resist-
ance was more than 15% in many regions, and 
standard TT could no longer cure even 80% of 
infections.7 Therefore, alternative regimens have 
been introduced, including bismuth quadruple 
therapy (BQT), non-bismuth quadruple therapy 
(non-BQT, also known as concomitant therapy), 
and sequential therapy (ST).8 Although these 
regimens could achieve acceptable eradication 
rates, the complexity and adverse events of multi-
drug regimens may reduce the patient compli-
ance.9 Moreover, using multi-antibiotics regimens 
may result in multi-drug resistance and limit the 
options of antibiotics for subsequent therapy if 
the eradication treatment is failed.10

Unlike clarithromycin and metronidazole, H. pylori 
resistance to amoxicillin has remained rare in 
many regions.11 PPI-amoxicillin dual therapy has 
been used for treating H. pylori infection for dec-
ades, but its efficacy remains controversial.12,13 
The efficacy of PPI-amoxicillin dual therapy with 
standard dose and frequency was unacceptable 
(<80%), whereas higher eradication rates were 
attained when PPI and amoxicillin were given at 
high dose and frequency.14 High dose dual ther-
apy (HDDT), which gives amoxicillin and PPI 
more than two times daily, was reported equally 
effective to TT or BQT.15,16 However, some stud-
ies showed that the eradication rates of HDDT 
were less than 80%.17,18 We therefore conducted 
a systematic review and meta-analysis to compare 
the efficacy and safety of HDDT with other 
regimens.

Methods
We followed the recommendations of the 
Cochrane handbook for systematic reviews of 
interventions and the preferred reporting items for 
systematic reviews and meta-analyses (PRISMA) 
during all stages of the design, implementation, 
and reporting of this meta-analysis.19,20 The pro-
tocol of this study is documented on PROSPERO 
(CRD42019133002).

Search strategy
Two authors independently searched PubMed, 
Embase, and the Cochrane Register of Controlled 

Trials to identify relevant trials without language 
restrictions (updated to April 2020). The elec-
tronic search strategy combined terms related to 
Helicobacter pylori, proton pump inhibitor, and 
amoxicillin; the details of search strategy are 
described in the Supplemental File S1. The 
major conference proceedings were hand 
searched to identify further potentially relevant 
trials for inclusion. We also checked the refer-
ence lists of studies and reviews identified by the 
previous searches to include other potentially eli-
gible trials.

Study selection
Two reviewers assessed all papers independently 
using predesigned eligibility forms, according to 
the eligibility criteria. Disagreements between 
investigators were resolved by consensus. Studies 
were included if they met the following criteria: 
(1) participants: adult patients (18 years or older) 
with H. pylori infection confirmed by one or more 
of the standard detection methods (urea breath 
test, bacterial culture, histological examination, 
rapid urea test or stool antigen test); (2) interven-
tion: HDDT (PPI and amoxicillin were given 
more than two times daily; (3) comparison: other 
eradication regimens; (4) outcome: eradication 
rate at least 4 weeks after completion of eradica-
tion treatment and adverse events; (5) study 
design: randomized controlled trial (RCT). 
Studies were excluded if they enrolled pediatric 
patients or used regimens containing herbs.

Data extraction
Using a predesigned data collection form and 
working in duplicate, two authors independently 
extracted the following data from each study: 
first author, year of publication, geographical 
location of study, study design, patient charac-
teristics, details of regimens (the doses, frequen-
cies, and duration of medicine dosing), methods 
for detecting H. pylori infection before and after 
eradication, time to confirmation of the eradica-
tion status, H. pylori susceptibility to antibiotics, 
and outcome measures. Extracted data were 
checked by the third author, and any discrepancy 
was resolved by discussion. Our primary out-
come was eradication rate by intention-to-treat 
(ITT) analysis, and second outcome was adverse 
events. Authors of the included studies were con-
tacted via E-mail if further study details were 
needed.
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Risk of bias assessment
Risk of bias assessment was independently per-
formed by two authors, and any disagreement 
was resolved by consensus. The risk of bias was 
assessed by using the components recommended 
by the Cochrane Handbook for Systematic 
Reviews of Interventions: random sequence gen-
eration, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective 
reporting, and other sources of bias.21

Statistical analysis
The statistical analysis was performed by using 
RevMan software version 5.3 (The Nordic 
Cochrane Centre, The Cochrane Collaboration 
2014, Copenhagen, Denmark), Stata 12.1 (Stata 
Corporation, College Station, TX, USA), and 
TSA Viewer 0.9 (The Copenhagen Trial Unit, 
Copenhagen, Denmark). We estimated the rela-
tive risk (RR) with 95% confidence intervals (CI) 
for outcomes. Data were pooled using the random 
effects model to give a more conservative estimate, 
allowing for any heterogeneity between studies.22 
Heterogeneity was expressed as the I2 statistic, 
and I2 ⩾ 50% indicated significant heterogeneity.

To identify potential sources of heterogeneity, we 
performed prespecified subgroup analyses accord-
ing to: dosing frequency of HDDT (three times 
daily versus four times daily), regimens used in 
control group (TT versus BQT versus non-BQT 
versus ST), eradication experience (treatment-
naive versus treatment-experienced), and publica-
tion type (full-length article versus conference 
abstract). To assess the independent influence of 
each study on the overall pooled estimate, we did 
prespecified sensitivity analyses by omitting one 
study in each turn.

To reduce the risk of random error we applied 
trial sequential analysis for the primary out-
come.23 Trial sequential analysis combines an 
estimation of information size (cumulated sample 
size of included trials) for meta-analysis with 
adjusted thresholds for statistical significance 
(trial sequential monitoring boundaries) as well 
as non-superiority and non-inferiority (futility 
boundaries) in the cumulative meta-analysis.24,25 
When the cumulative Z-curve crosses the trial 
sequential monitoring boundary, a sufficient level 
of evidence for the anticipated intervention effect 
may have been reached and no further trials are 

needed. When the Z-curve crosses the futility 
boundaries, the two interventions do not differ 
more than the anticipated intervention effect. If 
the Z-curve does not cross any of the boundaries 
and the required information size has not been 
reached, evidence to reach a conclusion is insuf-
ficient. The trial sequential analysis was con-
ducted with a desire to maintain a type I error of 
5% and a power of 80%, with calculation of infor-
mation size required to detect 10% relative risk 
reduction of eradication rate in the HDDT group.

Funnel plots were used to evaluate the publication 
bias visually. The Egger’s test was used to assess 
publication bias statistically. Results were consid-
ered as statistically significant for p-value < 0.05.

Results

Study selection
A total of 6785 papers were retrieved, and 15 ran-
domized control trials with 3818 patients were 
eligible for inclusion (Figure 1).26–40 The charac-
teristics of the included trials are shown in Table 
1. Of the 15 trials, 11 were conducted in Asia,29–

33,35–40 3 in Europe,27,28,34 and 1 in North 
America.26 HDDT was given three times daily in 
four trials,26,28,30,34 and four times daily in the oth-
ers.27,29,31–33,35–40 Six trials used TT,26,28–31,36 seven 
used BQT,27,33–35,37,38,40 one used non-BQT,39 
and one used both TT and ST as control regi-
men.32 Nine trials recruited treatment-naive patie
nts,30,33–40 four recruited treatment-experienced 
patients,27–29,31 one recruited both,32 and one did 
not report treatment experience of included 
patients.26 Of the 15 included trials, 12 were pub-
lished as full-length articles,26–34,37–39 whereas 3 
were conference abstracts.35,36,40

Risk of bias in included studies
Potential risks of bias within individual trials are 
shown in Table 2. The included RCTs were at 
high risk or unclear risk of bias. Blinding of par-
ticipants and personnel was the main source of 
potential bias in this meta-analysis. Only one trial 
was double-blinded,26 whereas the others were 
open-labelled.

Meta-analysis of eradication rate
In the meta-analysis of 15 trials with 3818 partici-
pants, the eradication rate of HDDT was not 
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significantly different from control regimens (84% 
versus 81%; RR 1.00, 95% CI: 0.96–1.05; 
p = 0.870, I2 = 66%). Significant heterogeneity was 
found among these trials (p < 0.001) (Figure 2).

Meta-analysis of the adverse effects
A total of 14 included trials provided informa-
tion of adverse events during treatment.26–35,37–40 
The occurrence of adverse events was signifi-
cantly lower in the HDDT group in comparison 
with the control group (17% versus 37%; RR 
0.48, 95% CI: 0.37–0.64; p < 0.001, I2 = 77%) 
(Figure 3).

Subgroup analysis
For the eradication rate, significant interaction 
was observed between trials dosing HDDT with 

different frequency, and larger effect was found 
in trials dosing four times daily (p = 0.030). 
There was also significant interaction between 
trials using different regimen in control group, 
and larger effect was found in trials using sequen-
tial therapy as control regimen (p < 0.001) (see 
Supplemental File S2).

Sensitivity analysis
Sensitivity analyses showed that one study pub-
lished in 2015 accounted for the majority of the 
observed heterogeneity.32 When we included all 
15 trials in the analysis, I2 was 66%. I2 decreased 
to 23% when this study was omitted, and the 
overall estimate remained consistent. The omis-
sion of other studies separately resulted in only 
tiny variation around the overall estimate for the 
remaining 14 studies (see Supplemental File S3).

Figure 1.  Flow diagram of literature search and selection.
RCT, randomized controlled trial.
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Trial sequential analysis
For eradication rate, the required diversity-
adjusted information size (4031 participants) was 
calculated based on a proportion of 81.4% events 
in the control group, a RR reduction of 10%, a 
type I error of 5%, and a power of 90%. The 
cumulative Z-curve did not cross the trial sequen-
tial analysis boundary or the conventional signifi-
cance boundary, but crossed the futility boundary, 
supporting the findings of the conventional meta-
analysis, and also suggesting that HDDT was 
non-superior and non-inferior (i.e., equivalent) to 
the control intervention (Figure 4).

Publication bias assessment
The funnel plot for eradication rate was symmet-
rically distributed by visual inspection, indicating 
that publication bias is unlikely to have had a 
major influence on the analysis of outcome. 

Moreover, Egger’s test did not indicate signifi-
cant publication bias (p = 0.090).

Discussion
In this meta-analysis, the efficacy of HDDT was 
neither significantly inferior nor superior to the 
recommended eradication regimens, such as TT, 
BQT, and non-BQT. This result was robust 
through the subgroup analyses and sensitivity 
analyses we performed. Trial sequential analysis 
showed there is reliable evidence that HDDT is 
equivalent to the recommended regimens.

Differences between the current and previous 
studies should be noted.15,41 In the previous meta-
analyses, only a few trials with a small number of 
patients were included, which lacked power to 
draw definite conclusions. In addition, the 
absence of a prespecified protocol for these 

Table 2.  Risk of bias for the included studies.

Study Randomization 
method

Allocation 
concealment

Blinding of 
participants 
and 
personnel

Blinding of 
outcome 
assessment

Incomplete 
outcome 
data

Selective 
reporting

Other bias

Schwartz et al.26 Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk

Miehlke et al.27 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Miehlke et al.28 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Shirai et al.29 Low risk Unclear risk High risk Low risk Low risk Low risk Low risk

Kim et al.30 Unclear risk Unclear risk High risk Low risk Low risk Low risk Low risk

Kazunari et al.31 Low risk Unclear risk High risk Low risk Low risk Low risk High risk

Yang et al.32 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Hu et al.33 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Sapmaz et al.34 Low risk Unclear risk High risk Low risk Low risk Low risk Low risk

Hu et al. *35 Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk

Leow and Goh*36 Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk

Gao et al.37 Unclear risk Unclear risk High risk Low risk Low risk Low risk Low risk

Yang et al.38 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Tai et al.39 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Song et al. *40 Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk

*Conference abstract.
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meta-analyses could weaken the strength of their 
findings and increase the risk of bias. In contrast, 
15 trials with 3818 patients were included in our 
meta-analysis, and the protocol of this study was 
documented online beforehand. Furthermore, 
trial sequential analysis was performed in this 
study to ascertain the equivalence between 
HDDT and the recommended regimens. In pre-
vious conventional meta-analyses, which did not 
consider the accumulated number of events, the 

effect size, and the information size, non-signifi-
cant results were often simply inferred as a need 
for more evidence.42 By contrast, in the case of 
non-significant results, trial sequential analysis 
could reduce the uncertainty by assessing whether 
this non-significance is due to lack of power or 
underlying equivalence between the interven-
tions.43 In the present study, the cumulative 
Z-curve crossed the futility boundary, suggesting 
there is definite evidence for equivalence of 

Figure 2.  Forest plot of efficacy of HDDT versus control regimens.
CI, confidence interval; HDDT, high dose dual therapy; M-H, medium to high.

Figure 3.  Forest plot of adverse events of HDDT versus control regimens.
CI, confidence interval; HDDT, high dose dual therapy; M-H, medium to high.
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efficacy between HDDT and control regimens. 
Further similar trials are unlikely to alter the con-
clusion of this study.

As both primary and second resistance to amoxi-
cillin remain rare in most countries, HDDT is an 
accessible and reasonable option for eradicating 
H. pylori infection.44 The present study showed 
that HDDT was comparable with recommended 
first-line and rescue regimens in treatment-naive 
and treatment-experienced patients. When com-
paring with each regimen in subgroup analyses, 
HDDT was equivalent to the recommended 
eradication regimens, such as TT, BQT, and 
non-BQT, but superior to ST irrespective of 
eradication experience. Thus, HDDT is not infe-
rior to the current widely used regimens, and it is 
worthwhile to introduce HDDT into clinical 
practice. Moreover, HDDT, which consisted of 
PPI and amoxicillin, used less antibiotics than 
other eradication regimens, reducing the poten-
tial for developing multi-drug resistance.

The dose frequency is essential for the efficacy of 
PPI-amoxicillin dual therapy, as the bactericidal 
effect of amoxicillin is time-dependent.45 Four 
included trials in this meta-analysis giving PPI-
amoxicillin three times daily had an unacceptable 
eradication rate of 73%,26,28,30,34 whereas the 

remaining trials adopting a four times daily dos-
ing strategy achieved an eradication rate of 87%, 
suggesting that the latter dosing strategy was 
more effective in eradicating H. pylori infection. 
Moreover, a significantly larger effect was 
observed in trials dosing HDDT four times daily 
in comparison with trials dosing three times daily 
in the subgroup analysis. These collectively indi-
cated that HDDT could attain a better eradica-
tion rate when PPI-amoxicillin was given four 
times daily.

HDDT were safe and well-tolerated, and adverse 
events were significantly fewer in the HDDT 
group comparing with other regimens. The most 
frequent adverse effects of HDDT included diar-
rhoea, nausea, and dizziness, which were mild 
and disappeared shortly after completion of 
treatment.

The strength of this study included applying 
Cochrane methodology and performing trial 
sequential analysis. We adhered to a prespecified 
protocol with minimal deviations, and conducted 
a range of subgroup analyses to examine clinical 
heterogeneity and robustness of our findings. In 
addition, we also performed a trial sequential 
analysis to confirm the finding of conventional 
meta-analysis and reduce the uncertainty of 

Figure 4.  Trial sequential analysis assessing efficacy of HDDT versus control regimens. The cumulative 
Z-curve did not cross the trial sequential analysis boundary or the conventional significance boundary, but 
crossed the futility boundary, indicating HDDT was equivalent to the control regimens.
HDDT, high dose dual therapy.
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non-significant results. Despite these strengths, 
our study also had limitations. First, only one 
included study was double-blind in design, and 
the others had high risk of bias for blinding of par-
ticipants and personnel. Second, we observed sig-
nificant heterogeneity in primary outcome. The 
included trials varied in treatment experience, 
eradication regimens, and dosing frequency. 
However, results were robust through subgroup 
and sensitivity analyses. Finally, most of the 
included trials were conducted in Asia, and thus 
extrapolation of the result to other regions should 
be with caution.

Conclusion
Our study showed that HDDT was equivalent 
to recommended first-line or rescue regimens 
with fewer adverse effects. The evidence from 
this meta-analysis supports the use of HDDT as 
first-line or rescue treatment for H. pylori 
infection.
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