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ABSTRACT
Background: This study aimed to evaluate the efficacy and safety of high-dose dual therapy for Helicobacter pylori (H. pylori) eradica-
tion compared to bismuth-containing quadruple therapy.
Methods: The electronic database of PubMed, Embase, and Cochrane Library were searched from inception to March 18, 2021. 
Randomized, controlled trials that evaluated high-dose dual therapy versus bismuth-containing quadruple therapy for H. pylori infec-
tion were included.
Results: We included 6 studies containing 1677 patients with H. pylori infection. This meta-analysis demonstrated that high-dose dual 
therapy achieved similar eradication rate compared with bismuth-containing quadruple therapy (intention-to-treat: 84.6% vs 83.7%, 
relative risk (RR) = 1.01, 95% CI: 0.97-1.06, P = .49; per-protocol = 88.4% vs 89.0%, RR = 1.00, 95% CI: 0.97-1.04, P = .99). However, high-
dose dual therapy showed fewer side effects (13.1% vs 32.0%, RR = 0.51, 95% CI: 0.34-0.78, P = .002) and better compliance (96.1% vs 
93.3%, RR = 1.03, 95% CI: 1.00-1.05, P = .03) compared to bismuth-containing quadruple therapy.
Conclusion: This meta-analysis demonstrated that high-dose dual therapy is equally effective with bismuth-containing quadruple ther-
apy in eradicating H. pylori, with fewer side effects and better compliance.
Keywords: Amoxicillin, Helicobacter pylori, high-dose dual therapy, meta-analysis, proton pump inhibitor

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative bacte-
rium that colonizes the human stomach and infects more 
than half of the world’s population.1 H. pylori infection not 
only plays a causative role in chronic active gastritis, pep-
tic ulcers, gastric adenocarcinoma, and gastric mucosa-
associated lymphoid tissue lymphoma but also is closely 
associated with a number of extra-gastrointestinal disor-
ders, such as idiopathic thrombocytopenic purpura and 
unexplained iron-deficiency anemia.2 In these conditions, 
this bacterial pathogen should be sought and eradicated.

With the increasing prevalence of metronidazole, clar-
ithromycin, or levofloxacin resistance, the treatment for 
H. pylori remains a challenge.3 The eradication rate of 
standard triple therapy has globally fallen below 80%, 
which is an unacceptable level, and even less than 60% 
in many parts of the world.4-7 In order to address this 
dilemma, a variety of therapeutic strategies, such as 
the use of 4-drug regimens (bismuth-containing qua-
druple therapy [BQT], concomitant therapy, sequential 

therapy) and extending treatment duration to 14 days, 
have been proposed in clinical practice for increasing the 
eradication success rate. Bismuth-containing quadruple 
therapy, which consists of bismuth, a proton pump inhibi-
tor (PPI), and 2 antibiotics, has been recommended by 
Maastricht V/Florence Consensus Report, the Toronto 
Consensus, and Fifth Chinese National Consensus Report 
as the first-line treatment regimen for H. pylori infec-
tion.2,8-9 However, BQT has some shortcomings as follows: 
bismuth salt is not available in some countries or regions; 
complex medication regimens and various adverse events 
may significantly lead to poor patient compliance, subse-
quently decreasing the eradication rate.

In the 1990s, Bayerdörffer  et  al.10 found that high-
dose omeprazole (40 mg, 3 times daily) and amoxicillin 
(750 mg, 3 times daily) dual therapy achieved an eradica-
tion rate of over 91%. But later, there are not so many 
reports regarding its clinical studies. Thus, although the 
Maastricht V/Florence consensus and the American 
College of Gastroenterology have recommended that 
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high-dose dual therapy (HDDT) can be used to treat H. 
pylori infection, the quality of evidence is low.2,11 Moreover, 
the results from previous studies on HDDT to eradicate 
H. pylori were controversial. Kwack  et  al.12 suggested 
that HDDT was ineffective to treat H. pylori as a first-line 
regimen in Korea. On the contrary, a study from China 
reported that HDDT was equally effective but safer and 
less costly compared with 14-day BQT.13 We therefore 
conducted a systematic review and meta-analysis to 
evaluate the efficacy and safety of HDDT for H. pylori 
eradication compared to BQT.

MATERIALS AND METHODS
This meta-analysis was performed in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses statement.14 The study protocol was regis-
tered at International Prospective Register of Systematic 
Reviews (PROSPERO) (number: CRD42021244650). 
Ethics committee approval was not applicable for this 
meta-analysis.

Search Strategy
Two independent researchers (Z. Yin and J. Li) searched 
PubMed, Embase, and Cochrane Library from inception to 
March 18, 2021. The following search terms were used: 
(“Helicobacter pylori” OR “H. pylori” OR “Campylobacter 
pylori”) AND (“Proton Pump Inhibitors”) AND (“amoxicil-
lin” OR “amoxycillin”) AND (“bismuth”).

Study Selection
Inclusion criteria for the studies were as follows: (a) only 
comparative studies that evaluated HDDT (PPI and amox-
icillin were both administered 3 or 4 times a day and 
amoxicillin ≥ 2.0 g/day) versus BQT for H. pylori infec-
tion were included; (b) the study design was a random-
ized, controlled trial. Exclusion criteria were as follows: 
(a) duplicated publications; (b) overlapping data; (c) case 
reports, animal studies, editorials, comments, meta-
analysis, and reviews; (d) age less than 18 years or greater 
than 70 years; (e) HDDT or BQT not treated with a 14-day 

therapeutic protocol; (f) use of traditional Chinese medi-
cine or probiotics.

Data Extraction
Two investigators (Z. Yin and J. Li) independently extracted 
the data in duplicate according to the predesigned data 
collection form. Any discrepancies were resolved through 
group discussion or consulting a third independent 
reviewer (J. Zhang). The following data were collected: 
first author, year of publication, the country where the 
study was conducted, study design, participant charac-
teristics, number of patients in each treatment group, 
details of the treatment regimens, diagnostic approach of 
H. pylori infection, and confirmative test for eradication, 
time to confirm H. pylori eradication. The primary out-
come was the H. pylori eradication rates by intention-to-
treat (ITT) analysis and per-protocol (PP) analysis, and the 
secondary outcomes were side effects and compliance.

Risk of Bias Assessment
Two independent reviewers (Z. Yin and J. Li) evaluated the 
risk of bias of each included study according to Cochrane 
Handbook for Systematic Reviews of Interventions. The 
risk of bias components was scored as follows: low risk, 
high risk, or uncertain risk of bias.15

Statistical Analysis
All data were aggregated and analyzed. The meta-anal-
ysis was performed using the software Review Manager 
(version 5.4.1 for mac). For each outcome, 95% CIs and 
2-sided P-values were calculated. Heterogeneity among 
studies was evaluated by Q test and I² statistic. I² values of 
25%, 50%, and 75% were considered as low, moderate, 
and high statistical heterogeneity, respectively. A fixed-
effect model would be used if I2 ≤ 50%, otherwise a ran-
dom-effects model was applied.16 Funnel plots were used 
to visually estimate publication bias. Begg’s test was used 
to assess publication bias statistically.

Trial Sequential Analysis
The random errors and imprecision were assessed by trial 
sequential analysis (TSA).17 The TSA combines informa-
tion size estimation for meta-analysis (cumulated sample 
size of included trials) with adjusted thresholds for statis-
tical significance of meta-analysis and sequential moni-
toring boundaries for futility.18,19 If the cumulative Z-curve 
crosses the trial sequential monitoring boundary or futil-
ity boundary, a sufficient level of evidence may have been 
reached and further trials are unnecessary; otherwise, 
additional studies are required to confirm this idea. Trial 

Main Points

•	 Increasing antibiotic resistance is a major cause of 
treatment failure in Helicobacter pylori infection.

•	 Despite bismuth-containing quadruple therapy (BQT) 
achieved excellent eradication rates, it still has some 
shortcomings.

•	 High-dose dual therapy achieved a similar eradication 
rate compared to BQT but with fewer side effects and 
better compliance.
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sequential analysis was performed using TSA software 
(version 0.9.5.10 Beta).

RESULTS
Study Selection
Figure 1 shows the flowchart of selection. A total of 1782  
relevant records were retrieved with a systematic search. 
After removing duplicates, 1253 articles were screened for 
potential eligibility. After screening the titles and abstracts, 
1227 irrelevant records were removed and 26 articles were 
found to be eligible for further analysis. After reviewing 
the full text, 20 articles were further excluded because 
of duplicate publications (n = 3), meta-analysis (n = 5), or 
not using 14-day BQT as the control group (n = 12). Finally, 
6 studies with 1677 patients were included.13,20-24 The 
characteristics of the studies are presented in Table 1.

Risk of Bias in the Included Studies
Figures 2 and 3 show the risk of bias in included studies. 
One study did not describe the random sequence gen-
eration procedure and allocation concealment. One study 
mentioned the randomization sequence generation but 
did not describe the allocation concealment. By blinding Figure 1.  Flowchart of selection.

Table 1.  The Characteristics of the Included Studies

Study
Initial Diagnosis/

Re-Diagnosis Treatment Experience Subgroup (n) Regimens 
Eradication Rate 

(ITT/PP, %)

Miehlke et al. 2003 H, C/H, C, R, U Experienced (84) HDDT (41)
BQT (43)

O 40 mg qid, A 750 mg qid × 
14 days

O 20 mg bid, M 500 mg qid, 
T 500 mg qid, B 107 mg qid × 
14 days

75.6/83.8
81.4/92.1

Hu et al. 2017 C, U, R/U Naive 
(263)

HDDT (174)
BQT (89)

R 10/20 mg qid, A 750 mg qid × 
14 days

R 20 mg bid, A 1000 mg bid, C 500 
mg bid, B 220 mg bid × 14 days

79.9/81.3
84.3/86.2

Sapmaz et al. 2017 H/S, U Naive 
(196)

HDDT (98)
BQT (98)

R 20 mg tid, A 750 mg tid × 14 days
R 20 mg bid, M 500 mg tid, T 500 

mg qid, B 120 mg qid × 14 days

84.7/84.9
87.8/88.8

Gao et al. 2018 H, U/U Naive 
(142)

HDDT (70)
BQT (72)

E 20 mg qid, A 750 mg qid ×  
14 days

E 20 mg bid, A 1000 mg bid, C 500 
mg bid, B 220 mg bid × 14 days

82.9/89.2
86.1/93.9

Yang et al. 2019 U, R/U Naive 
(232)

HDDT (116)
BQT (116)

E 20 mg qid, A 750 mg qid × 14 days
E 20 mg bid, A 1000 mg bid, C 500 

mg bid, B 220 mg bid × 14 days

87.9/91.1
89.7/91.2

Song et al. 2020 H, R/U Naive 
(760)

HDDT (380)
BQT (380)

E 20 mg qid, A 750 mg qid × 14 days
E 20 mg bid, A 1000 mg bid, C 500 

mg bid, B 220 mg bid × 14 days

87.1/92.4
80.5/87.8

H, histology; C, culture; R, rapid urease test; U, urea breath test; S, stool antigen test; HDDT, high-dose dual therapy; BQT, bismuth-containing quadruple 
therapy; O, omeprazole; A, amoxicillin; R, rabeprazole; C, clarithromycin; B, bismuth; M, metronidazole; T, tetracycline; E, esomeprazole; bid, twice a day; tid, 3 
times a day; qid, 4 times a day; ITT, intent-to-treat; PP, per-protocol.
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participants and personnel, all included studies achieved 
a high risk of bias because none of them used the double-
blinded method.

META-ANALYSIS
Primary Outcome: Eradication Rate
Among the included studies, there were 879 patients in 
the HDDT group, and 798 patients in the BQT group. In 
the ITT analysis, no significant difference was observed 
in the eradication rate between HDDT and BQT (84.6% 
vs 83.7%; RR = 1.01, 95% CI: 0.97-1.06; P = .49), without 
significant heterogeneity among these studies (χ2 = 7.72, 
I2 = 35%, P = .17; Figure 4). In the PP analysis, there was also 
no significant difference in the eradication rate between 
HDDT and BQT (88.4% vs 89.0%; RR = 1.00, 95% CI: 0.97-
1.04; P = .99), without significant heterogeneity among 
these studies (χ2 = 8.60, I2 = 42%, P = .13; Figure 5).

Secondary Outcome: Side Effects and Compliance
One study did not explicitly describe the number of peo-
ple who occurred adverse events.22 The side effects in the 
HDDT group were significantly lower than that of the BQT 
group (13.1% vs 32.0%; RR = 0.51, 95% CI: 0.34-0.78; 
P = .002; I2 = 51%, Figure 6). In terms of compliance, the 
HDDT group was statistically higher than that of the BQT 
group (96.1% vs 93.3%; RR = 1.03, 95% CI: 1.00-1.05; 
P = .03; I2 = 23%, Figure 7).

SENSITIVITY ANALYSIS
The sensitivity analyses revealed that the pooled RR with 95% 
CI was not obviously changed by removing 1 study at a time, 
indicating that our results were statistically robust (Table 2).

Publication Bias
Visual examination of the funnel plot indicated that pub-
lication bias was possible (Figure 8). However, Begg’s test 
revealed no evidence of publication bias (P = .851). The 

Figure 2.  Risk of bias graph.

Figure 3.  Risk of bias summary.
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Figure 6.  Forest plot of side effects of HDDT versus control regimens. HDDT, high-dose dual therapy.

Figure 7.  Forest plot of compliance of HDDT versus control regimens. HDDT, high-dose dual therapy.

Figure 4.  Forest plot of the efficacy of HDDT versus control regimens according to intention-to-treat analysis. HDDT, high-dose dual therapy.

Figure 5.  Forest plot of the efficacy of HDDT versus control regimens according to per-protocol analysis. HDDT, high-dose dual therapy.
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reason for this difference might be attributed to the low 
number of included studies. and the sample sizes varied 
greatly among these studies.

Trial Sequential Analysis
The diversity-adjusted required information size 
(1331 participants) was calculated based on a relative risk 
reduction of 10%, an alpha of 5%, a beta of 20%, and a 
proportion of 83.7% in the control group. The cumulative 

Table 2.  Sensitivity Analysis of Included Studies

Study 
Removed

HDDT 
(%)

BQT 
(%)

Fixed-Effects Model Heterogeneity

RR (95% CI) P I² (%) P

Miehlke et al. 
2003

85.1 83.8 1.02 (0.98, 1.06) .38 44 .13

Hu et al. 
2017

84.6 83.1 1.02 (0.98, 1.07) .35 42 .14

Sapmaz et al. 
2017

85.8 83.6 1.03 (0.98, 1.07) .26 37 .18

Gao et al. 
2018

84.8 83.8 1.02 (0.98, 1.06) .38 44 .13

Yang et al. 
2019

84.1 82.7 1.02 (0.97, 1.07) .38 44 .13

Song et al. 
2020

82.8 86.6 0.96 (0.91, 1.02) .16 0 .99

HDDT, high-dose dual therapy; BQT, bismuth-containing quadruple therapy.

Figure 8.  Publication bias.

Figure 9.  We calculated a diversity-adjusted required information size of 1331 participants using α = 0.05 (two-sided), β = 0.20 
(power = 80%), a relative risk reduction of 10% and a proportion of 83.7% in the control group. The cumulative z-curve (blue line) was 

constructed using a fixed-effects model. The cumulative Z-curve (blue line) did not cross the conventional boundary or trial sequential 
monitoring boundary, but crossed the futility boundary and reached the required information size (vertical red line), suggesting that the 

efficacy of HDDT was equal to that of BQT. HDDT, high dose dual therapy. BQT, bismuth-containing quadruple therapy.
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Z-curve (blue line) did not cross the conventional bound-
ary or trial sequential monitoring boundary but crossed 
the futility boundary and reached the required informa-
tion size (vertical red line), suggesting that the efficacy of 
HDDT was equal to that of BQT (Figure 9).

DISCUSSION
It is well known that the main factor leading to treatment 
failure of H. pylori infections is considered to be antibiotic 
resistance. Unlike the high resistance rates to metroni-
dazole, clarithromycin, or levofloxacin, the vast majority  
of studies have shown that amoxicillin resistance of  
H. pylori, both primary and acquired, is still generally 
uncommon.25 The failure of dual therapy (omeprazole 
20 mg and amoxicillin 1 g, 2 times daily) used in the past 
few decades is largely due to the insufficiency in drug 
doses and dosing frequency. Amoxicillin is a unique anti-
biotic in that its bactericidal effects against H. pylori are 
time- and pH-dependent. On the one hand, amoxicillin 
can maximize the time above minimal inhibitory concen-
tration if given 3 or 4 times daily.26 On the other hand, 
the bactericidal activity of amoxicillin was stable when 
the pH value in the stomach was higher than 6.27 The 
value of gastric pH is related to the PPI dose, dosing fre-
quency, and CYP2C19 gene polymorphism. Increasing 
the dose or dosing frequency of PPI administration may 
maintain the gastric pH above 6. For example, the study 
performed by Sahara et al.28 showed that esomeprazole 
can achieve potent acid inhibition when given 20 mg qid 
(4 times a day). In this meta-analysis, we defined HDDT 
as PPI and amoxicillin 3 to 4 times a day and amoxicil-
lin ≥ 2.0 g/day. The result of our study demonstrated 
that HDDT achieves comparable H. pylori eradication rate 
to BQT (ITT: 84.6% vs 83.7%, P = 0.49; PP = 88.4% vs 
89.0%, P = 0.99). Although the number of included stud-
ies is not large, TSA indicated that this conclusion is reli-
able, and it is unlikely that further similar studies will alter 
the result substantially.

For H. pylori infection, as with other infectious diseases, 
susceptibility-guided therapy seems to be a reliable and 
excellent treatment strategy.29 It can avoid the misuse 
of antibiotics and improve the eradication rate. However, 
conventional culture has many limitations, such as it is 
invasive, time-consuming, and technically challenging. 
With the rapid development of molecular testing meth-
ods, both invasive and non-invasive, the detection of anti-
biotic resistance has become more convenient, rapid, and 
sensitive.30 Unfortunately, unlike other prevalent human 
pathogens, the researches in this area have just begun 
on H. pylori and they have not yet been widely applied in 

daily clinical practice.31 More comprehensive clinical tri-
als are warranted to assess the therapeutic effectiveness 
and safety of susceptibility-guided therapy. In addition, 
as mentioned above, amoxicillin resistance of H. pylori is 
rare, so it is unnecessary to conduct a susceptibility test 
when using HDDT to eradicate H. pylori infection as the 
first-line or rescue therapeutic regimen.

Although the HDDT regimen increased the dose and the 
dosing frequency of PPI or amoxicillin, our meta-analy-
sis showed HDDT was lower than BQT in terms of side 
effects (13.1% vs 32.0%; RR = 0.51, 95% CI: 0.34-0.78; 
P = .002). Most of the adverse events in the HDDT group 
were mild and well-tolerated, such as diarrhea, abdomi-
nal pain, and nausea. In addition, a high rate of adverse 
events and a relatively complicated dosing regimen with 
BQT may decrease patient compliance. Indeed, we found 
that HDDT was superior to BQT in compliance (96.1% vs 
93.3%; RR = 1.03, 95% CI: 1.00-1.05; P = .03). This result 
is not in accordance with previous meta-analyses.32 This 
may be due to the small number of studies and sample 
size included in the latter study. Actually, besides antibi-
otic resistance, poor compliance with therapy is also an 
indispensable reason for eradication failure. A study from 
China has shown that enhancing the patient’s compli-
ance can significantly improve the H. pylori eradication 
rate (compliance: 94.6% vs 54.1%, P < .05; eradication 
rate: 87.4% vs 763.1%, P < .001).33 Thus, compared to 
BQT, HDDT has advantages in terms of compliance. 

Helicobacter pylori has no resistance to bismuth com-
pounds. Many previous studies have demonstrated 
that the addition of bismuth can partially overcome the 
H. pylori resistance to clarithromycin or levofloxacin, 
increasing the overall cure rate by 20% to 30%. However, 
research has also found that the high gastric pH caused 
by high PPI dosing frequency may reduce the effective-
ness of bismuth.34 Lou et al.35 found that adding bismuth 
to HDDT could not enhance the overall eradicate rates, 
it only improved treatment effectiveness among smok-
ers.35 Therefore, whether the addition of bismuth to 
HDDT can improve the eradication of H. pylori remains to 
be further inves tigated.

Vonoprazan (VPZ), a novel potassium-competitive acid 
blocker, was marketed in February 2015 and approved 
for application in the treatment of H. pylori infec-
tion in October 2019 by Food and Drug Administration. 
Compared to PPI, VPZ has the following advantages: (1) it 
does not need acid activation and is stable in the acidic 
environment; (2) it has a longer half-life, so it can achieve 
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rapid, strong, and long-lasting gastric acid inhibition; (3) it 
is not affected by diet and CYP2C19 polymorphism.36-39 A 
Japanese study demonstrated that a 7-day VPZ–amoxi-
cillin dual therapy was not inferior to VPZ-based triple 
therapy (ITT = 92.9% vs 91.9%, P = .728).40 Similarly, 
another Japanese study showed that a 7-day VPZ–
amoxicillin dual therapy provided acceptable H. pylori 
eradication rate and a similar efficacy to VPZ-based triple 
therapy (ITT = 84.5% vs 89.2%, P = .203; PP = 87.1% vs 
90.2%, P = .372) in regions with high clarithromycin resis-
tance.41 Obviously, VPZ–amoxicillin dual therapy provides 
sufficient first-line efficacy, without the need for other 
antibiotics, such as metronidazole, clarithromycin, or 
levofloxacin. It is worth noting that these VPZ–amoxicil-
lin dual therapy regimens have only been carried out in 
Japan, and further large-scale, prospective, randomized, 
well-designed studies are needed to validate these find-
ings in other countries or regions.

There are some limitations of this study. First, all included 
studies did not examine the patients’ intragastric pH, thus 
we were unable to assess whether PPI could successfully 
inhibit gastric acid and maintain pH values higher than 6. 
Second, the majority of the studies originated from Asia, 
which could be potentially affected by the CYP2C19 gen-
otype polymorphism. Third, none of these trials used the 
double-blinding method, and the missing blinding might 
have influenced patient-reported outcome measures.	
Finally, despite we performed rigorous statistics, the 
number of included studies was relatively small.

CONCLUSION
In summary, our study demonstrated that HDDT is equally 
effective with BQT in eradicating H. pylori, with fewer side 
effects and better compliance. The result of this meta-
analysis supports that HDDT is an effective, safe, and 
well-tolerated regimen for the eradication of H. pylori 
infection as first-line or rescue therapy.
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