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ABSTRACT

Background: Resistance of Helicobacter pylori to many antibiotics, which lowers the efficacy of eradication
therapy, is increasingly prevalent. High-dose proton pump inhibitor (PPI)-amoxicillin dual therapy (HDDT)
has been used for H. pylori eradication for years, and resistance to amoxicillin is relatively rare. Although
many studies have compared the eradication rate of HDDT with that of guideline therapies, the reported
efficacy of HDDT varies greatly and is inconsistent.
Aims: This study investigated the eradication rate and adverse effects of HDDT compared with the guide-
lines at the time of the study.
Methods: Several open public databases, including Cochrane, EMBASE, PubMed, and MEDLINE, were
searched. The results of the current literature on the eradication and adverse event rates of HDDT com-
pared with the latest recommended first-line therapies were analysed. Notably, 14 out of the 16 included
studies were conducted in Asian regions.
Results: The eradication rate of HDDT was lower but not significantly different from those of control
therapies (odds ratio [OR] = 0.92, 95% confidence interval [CI] = 0.67-1.26) in the intent-to-treat (ITT)
analysis. A similar trend was observed in the per-protocol (PP) analysis (OR = 0.88, 95% CI = 0.47-1.63).
Notably, the adverse effect risk in HDDT was significantly lower than in other therapies (I> = 67.75%,
OR = 0.42, 95% CI = 0.33-0.54, P = 0.00004). When the eradication rate of the control group was lower
than 81%, HDDT was significantly better than control therapies (OR = 2.44, 95% Cl = 1.23-4.84).
Conclusion: HDDT used four times a day for 14 days showed better efficacy and safety than the guideline
treatments for H. pylori infection in areas with high antimicrobial resistance.

© 2024 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved.

* Corresponding author. Chia-Jung Kuo, Department of Gastroenterology and Hep- 1. Introduction
atology, Chang Gung Memorial Hospital at Linkou, Taoyuan, Taiwan

** Corresponding author. Chih-Ho Lai, Department of Microbiology and Immunol-
ogy, Chang Gung University, Taoyuan, Taiwan
E-mail addresses: m7011@cgmh.org.tw

(C-H. Lai).

https://doi.org/10.1016/j.ijantimicag.2024.107159

Helicobacter pylori infection had a global prevalence of >50%
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phoid tissue lymphoma [1]. Accordingly, eradicating H. pylori could
reduce the risk of the aforementioned diseases. The recommended
first-line eradication therapy is the standard triple therapy (TT), us-
ing a proton pump inhibitor (PPI), amoxicillin, and clarithromycin
[2]. The 2022 Maastricht VI/Florence consensus guidelines recom-
mend bismuth quadruple therapy or clarithromycin TT as the first-
line therapy for H. pylori eradication treatment when local clar-
ithromycin resistance is below 15% [3]. Although the standard TT
regimen is the regimen of choice when local clarithromycin resis-
tance is <5%, the eradication rate is suboptimal when resistance
is >15% [4]. When local resistance to clarithromycin is >15%, bis-
muth or non-bismuth quadruple therapy is recommended as the
first-line therapy [3]. However, these two therapies with multiple
antibiotics for 14 days are prone to increase antimicrobial resis-
tance

Eradication failure of standard TT was primarily caused by an-
tibiotic resistance, poor adherence, and rapid PPI metabolism. A
multicentre report from Taiwan in 2019 demonstrated that the
rates of resistance to clarithromycin, metronidazole, levofloxacin,
amoxicillin, and tetracycline were 81%, 77%, 51%, 0%, and 0%, re-
spectively [5]. The lack of amoxicillin resistance indicates that
amoxicillin and PPI dual therapy could be a promising therapy.

The concept of dual therapy’s antibacterial effects was intro-
duced during the 1980s, initially exhibiting a modest eradication
rate. Numerous studies have suggested that increasing the PPI
dosage and frequency can achieve a high eradication rate [6]. For
example, a study using high-dose and high-frequency HDDT in
2015 achieved 95.3% H. pylori eradication, suggesting the poten-
tial of high-dose and high-frequency HDDT [7]. Therefore, inves-
tigations on the H. pylori eradication rate and adverse effects of
HDDT compared with the different PPIs used in this regimen are
required.

Many studies have compared the eradication rates of HDDT
with those of standard TT. However, the reported efficacy of HDDT
varies greatly and is inconsistent. In this study, we investigated
several publicly available databases, including Cochrane, EMBASE,
PubMed, and Medline. We summarized the results of the current
literature on the eradication and adverse event rates of HDDT com-
pared with the latest recommended first-line therapy. We further
compared the efficacy and safety of amoxicillin-containing rescue
therapy with other rescue regimens.

2. Methods
2.1. Searching strategy and selection criteria

A literature search in PubMed, EMBASE, Medline, and the
Cochrane Library was conducted up to July 2023 with the follow-
ing strategy (“Helicobacter pylori” OR “H. pylori) AND (“amoxicillin”)
AND (“dual therapy”). This study followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines (Fig. 1).

Two reviewers independently extracted data, and disagree-
ments were resolved after discussion and consultation with a third
reviewer. The inclusion criteria of HDDT were as follows: (a) stud-
ies in which amoxicillin was administered at >2.0 g/d and PPI was
taken at least three times daily for 14 days, (b) the studies were
randomized controlled trials, and (c) adverse event rates were re-
ported.

2.2. Data extraction

The extracted information included (a) the name of the first au-
thor and year of publication; (b) the location where the study was
conducted; (c) the regimens used in the study; (d) the number of
patients in intent-to-treat (ITT) and per-protocol (PP) analyses of
compared groups; and (e) primary outcomes, including ITT and PP
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analyses of eradication and adverse event rates of the compared
groups.

2.3. Risk of bias

Two investigators independently rated the risk of bias using the
risk of bias assessment tools, RoB2, a revised Cochrane risk-of-bias
tool for randomized trials (Figs. S1 and S2).

2.4. Statistical analysis

Statistical analyses were performed using a standard software
package (Stata, version 17; StataCorp, College Station, TX). We anal-
ysed the odds ratios (ORs) and 95% confidence intervals (Cls). The
endpoints of interest in the pooled analysis were eradication rate
and incidence of adverse effects. Heterogeneity among the pooled
studies was also evaluated. A high degree of heterogeneity was
suggested when the inconsistency index (I2) was >50%. A random-
effects model was used for high heterogeneity analysis, and a
fixed-effects model with Mantel-Haenszel weight was used for low
heterogeneity analysis. A funnel plot was used to estimate publica-
tion bias (Fig. S3).

3. Results
3.1. HDDT has the same eradication rate as guideline therapies

The experimental process and analysis protocol for the included
studies are shown in Fig. 1, and the characteristics and demo-
graphic data of the included studies are shown in Tables S1 and
S2, respectively. Finally, we selected 16 articles with 6255 patients
for the meta-analysis. Of the 16 articles, 2 studies were performed
in Europe and 14 in Asian countries. PPIs were administered 3 and
4 times daily in 4 and 12 articles, respectively. Furthermore, among
the 16 articles, 13 focused on first-line therapy, 2 on rescue ther-
apy, and 1 covered both approaches.

In the meta-analysis of H. pylori eradication rates, the eradica-
tion rate of HDDT was not significantly different from those of the
guideline therapies. There were 6255 and 5931 patients in the ITT
and PP analyses of 13 of the analysed studies. In the ITT analysis,
the eradication rate of HDDT was not significantly different from
that of the control group (I? = 60.7%, OR = 1.18, 95% CI = 0.92-
151, P = 0.20) (Fig. 2a). Similarly, the eradication rate of HDDT
was not different from that of the control group in the PP anal-
ysis (12 = 63.6%, OR = 1.13, 95% CI = 0.83-1.54, P = 0.44) (Fig. S4).
There were no significant differences in both first-line and rescue
therapies. We then assessed the 13 articles included in the first-
line therapy analysis. In the ITT analysis, the eradication rate was
not significantly different from that of other therapies (OR = 1.24,
95% Cl = 0.92-1.66) (Fig. S5), and so it was in the PP analysis
(OR = 1.20, 95% CI = 0.84-1.72, P = 0.20). There were four arti-
cles included in the rescue therapy analysis. The eradication rate
of HDDT was lower but not significantly different from those of
the control therapies (OR = 0.92, 95% CI = 0.67-1.26) in ITT analy-
sis, and a similar trend was shown in PP analysis (OR = 0.88, 95%
Cl = 0.47-1.63).

There were no significant differences in the subgroup analysis
of different PPI frequencies. In the 13 articles where PPIs were ad-
ministered 4 times daily, the eradication rate was higher but not
significantly different from those of other therapies both in ITT
(OR = 1.30, 95% CI = 0.95-1.77) and PP (OR = 1.23, 95% CI = 0.83-
1.23) analyses (Fig. S6). When using PPI three times a day, there
were lower but no significant differences in ITT (OR = 0.88, 95%
Cl = 0.67-1.15) and PP (OR = 0.82, 95% CI = 0.60-1.13) analyses.

We further assessed the subgroup dataset using differ-
ent PPIs, including esomeprazole and rabeprazole. When using
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Fig. 1. Experimental protocol for the study design and data analysis.
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Fig. 2. Forest plots of (a) H. pylori eradication rate in ITT analysis and (b) adverse events rate of HDDT compared with the current mainstream guideline-recommended

therapies (control).

esomeprazole-amoxicillin HDDT, the eradication rate was higher
but not significantly different from the guideline therapy in ITT
(OR = 1.23, 95% CI = 0.96-1.56) (Fig. S7) and PP (OR = 1.17,
95% CI = 0.87-156) analyses. In the rabeprazole-amoxicillin
HDDT analysis, ITT (OR = 142, 95% Cl = 0.83-2.42) and PP
(OR = 1.36, 95% CI = 0.71-2.61) analyses showed no significant
differences.

3.2. HDDT has a lower adverse effect risk

A total of 6118 patients were recruited in the adverse ef-
fects analysis. The results showed that the adverse effect risk in
HDDT was significantly lower than in other therapies (I = 67.75%,

OR = 0.42, 95% CI = 0.33-0.54, P = 0.00004) (Fig. 2b). In the sub-
group analysis of studies using different frequencies of PPI, the ad-
verse effects were significantly lower when using PPI three times
(OR = 0.37, 95% CI = 0.28-0.50) and four times (OR = 0.44, 95%
Cl = 0.32-0.60) a day. Analysis of different PPIs showed signifi-
cantly lower ratios of adverse effects in the use of esomeprazole
(OR = 0.43, 95% CI = 0.31-0.61) and rabeprazole (OR = 0.40, 95%
CI = 0.25-0.65).

In the subgroup analysis of first-line and rescue therapies, the
results showed a significantly lower ratio of adverse effects in first-
line therapies (OR = 0.39, 95% CI = 0.29-0.51), while no significant
difference in rescue therapy (OR = 0.59, 95% CI = 0.34-1.05) was
observed.
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Fig. 3. H. pylori eradication rate of HDDT compared with the current mainstream guideline-recommended therapies (control) in low eradication rate areas in intention to

treat analysis.

3.3. HDDT is more effective in high antibiotic-resistant circumstances

We further conducted an analysis when the eradication rate
of the control group was <81%, which may have occurred in ar-
eas with high resistance. Since H. pylori infection treatment sug-
gested that the 14 days TT eradication rate was 81.9%, and the
eradication rate for quadruple therapy was higher [8,9], we consid-
ered 81% as the standard eradication rate for guideline therapies.
In this analysis, the eradication rate of HDDT was higher but not
significantly different from that of the control group (OR = 1.36,
95% Cl = 0.78-2.38, P = 0.04). However, when in different fre-
quencies, it was significantly higher when using PPI four times a
day (OR = 2.44, 95% Cl = 1.23-4.84); whereas it was not signifi-
cantly different when using PPI three times a day (OR = 0.82, 95%
Cl = 0.61-1.09) (Fig. 3).

3.4. Sensitivity analysis

We further performed a sensitivity analysis by removing one
study at a time, and the results from the statistical significance
were not changed in the relative risk analysis.

4. Discussion

Our meta-analysis showed that PPl-amoxicillin containing
HDDT for 14 days had no different eradication and lower ad-
verse reaction rates as first-line therapy than the existing rec-
ommended guideline therapies. A previous study showed that
HDDT for 10 days had lower efficacy; therefore, we considered 14
days as the criterion [10]. HDDT was defined as >2 g of amoxi-
cillin per day and PPI administered at least 3 times a day. There
was no significant difference in efficacy between HDDT and ex-
isting guidelines when used as both first-line and rescue ther-
apies. Notably, the overall resistance of H. pylori to amoxicillin
was low.

We conducted the analysis when the eradication rate in the
control group was below the average global eradication rate of 81%,
which may have occurred in areas with high antibiotic resistance.
A previous study has suggested that the primary cause of unsuc-
cessful eradication attributed to resistance against clarithromycin
and metronidazole [11]. In this situation, the eradication rate of
HDDT when using PPI four times a day may be significantly higher
than that of the control group but not significantly different when
using PPI three times a day. Therefore, the results indicated that a
HDDT with PPI taken four times daily should be considered in the
low eradication rate area.

A 2020 meta-analysis showed that HDDT has similar efficacy
to mainstream recommended therapies [12]. TT studies with an-
tibiotic resistance rates of >15% were excluded. A 2021 meta-
analysis showed that HDDT with PPI and amoxicillin adminis-
tered four times a day for 14 days was superior to guideline ther-
apy in efficacy and safety as first-line therapy but not as salvage
treatment [13]. Our results are consistent with those of previ-
ous studies. We collected data from more studies, including pa-
tients taking PPI thrice daily. The difference was not significant
when PPIs were taken three times a day. In the two most re-
cent studies using meta-analysis in 2023, one compared HDDT and
bismuth-containing quadruple therapy, and the other compared
PPI-amoxicillin HDDT with HDDT of vonoprazan and amoxicillin
[14,15]. In the present study, we performed the amoxicillin anal-
ysis more comprehensively.

Other factors, such as intragastric pH and doses used in treat-
ment, may influence the efficacy of HDDT. Our study included
PPI at least three times daily and amoxicillin at least 2 g daily
as a HDDT. PPIs play an essential role in H. pylori eradication.
They inhibit proton pump function and block gastric acid secre-
tion’s terminal steps. Elevated intragastric pH prevents the degra-
dation of antibiotics by acids. Larger doses of PPIs reduce periodic
acid-Schiff-positive substances in the gastric mucosa, thus lowering
the mucus layer viscosity and exposing organisms under the mu-
cus layer to antibiotics [16]. Dosing PPIs more frequently is more
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suitable than reducing the frequency with a higher dosage due to
their short half-lives. Regardless of the genotype of CYP2C19, a CYP
isoenzyme in the liver that controls the catabolism of several PPIs,
a high-dose of PPI included in HDDT can maintain the intragastric
pH > 6.5 and the plasma concentration of amoxicillin above the
minimal inhibitory concentration for H. pylori [17]. Moreover, the
amoxicillin concentration in the stomach is important. Amoxicillin
has a half-life of 1 h, indicating that four times a day is better than
three times a day [18].

Most reports of HDDT included in this study were from Asia,
which may also influence resistance to amoxicillin. The reported
amoxicillin resistance rates of H. pylori differ significantly between
Eastern and Western countries. For instance, a systematic analysis
reported that he prevalence of H. pylori resistance to amoxicillin is
18-75% in Eastern countries (China, India, and South Korea) and 0-
35% in Western countries (the United States, France, and the United
Kingdom) [19]. Therefore, when resistance to amoxicillin continues
to increase, the effect of PPI-amoxicillin-containing HDDT should
be retested [20].

The present study has some limitations. First, except for the two
earliest studies (2003 and 2006) from Germany, all included stud-
ies were from Asia, and most were from China. The effects of eth-
nicity or the more prevalent CYP2C19 genotype in Western coun-
tries could not be estimated [13]. Therefore, the effects of HDDT in
Western countries require further investigation. Second, the risk of
bias was high in most studies because of inadequate blinding. Ac-
cordingly, some study estimates, such as adverse event rates, may
be biased.

5. Conclusion

Our results indicated that HDDT four times a day for 14
days had better efficacy and safety than the guideline treatments
in high-resistant areas. Furthermore, HDDT could offer enhanced
safety without compromising its effectiveness across all regions.
When the same daily dose was administered in three divided doses
per day, the evidence was inconclusive and required further stud-
ies. Moreover, the safety of HDDT may be higher than that of the
recommended guidelines. However, more attention should be paid
to the changing rate of amoxicillin resistance during this treat-
ment. These meta-analysis results indicate that PPI-amoxicillin-
containing HDDT for H. pylori eradication is more efficacious and
safer in high-resistant areas.
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