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widely used in clinical practice, was selected as a uniform 
comparator.

Despite the widespread use of amoxicillin in HP eradica-
tion therapy over many years, HP resistance to amoxicillin 
has remained low.30 For HP to develop resistance to amox-
icillin, multiple mutations in several penicillin-binding pro-
tein–related gene sites are required, which may explain 
the low resistance rate to amoxicillin.31 Therefore, given 
the high resistance rates to other antibiotics, amoxicillin 
remains the preferred agent in dual therapy regimens.

Amoxicillin is a time-dependent antibiotic that is rapidly 
absorbed and eliminated within 6-8 hours.32 The bacte-
ricidal activity of amoxicillin depends on the duration for 
which its plasma concentration exceeds the minimum 

inhibitory concentration. Therefore, increasing the daily 
dose and administering the drug 3 to 4 times daily can 
enhance its bactericidal activity.33 When gastric pH 
exceeds 6.0, HP proliferates actively and becomes more 
susceptible to amoxicillin. However, when the pH is below 
6.0, HP undergoes coccoid transformation, reducing anti-
biotic efficacy.34 Antibiotics are unstable in acidic envi-
ronments. The use of acid inhibitors to increase gastric 
pH can improve the stability and bioavailability of antibi-
otics in the stomach.35

Currently, the main acid inhibitors used in HP eradica-
tion therapy are PPIs and P-CABs. PPIs are the most 
widely used acid agents, with a half-life of 0.5-2.1 hours. 
Increasing the dosing frequency of PPIs helps maintain 
effective acid suppression.36 The metabolism of PPIs is 

Figure 3.  Forest plot of HP eradication rates (ITT).

Figure 4.  Forest plot of HP eradication rates (PP).
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influenced by CYP2C19 gene polymorphisms; therefore, 
increasing PPI dosing frequency helps achieve effec-
tive acid suppression across different CYP2C19.37 The 
P-CABs, such as vonoprazan, are increasingly used in 
clinical practice for HP eradication therapy as a novel 
class of acid inhibitors. Compared with traditional PPIs, 
vonoprazan provided stronger, more stable, and longer-
lasting acid suppression. It does not require an enteric 
coating, remains stable in acidic environments, and is 
not affected by CYP2C19 gene polymorphisms or food 
intake.38 Compared with BQT, dual therapy with P-CAB 
and amoxicillin yielded higher eradication rates in first-
line HP therapy.39 In the current study, subgroup analysis 
showed that, for rescue treatment of HP infection, HDDT 
achieved eradication rates comparable to those of BQT, 
regardless of whether the acid inhibitor was a PPI or a 
P-CAB.

According to the criteria proposed by the internationally 
recognized gastroenterologist Graham DY, the accept-
able lower limits for HP eradication success are 80% 
for ITT analysis and 85% for PP analysis.38 In this meta-
analysis, eradication rates of HDDT were only slightly 

above these thresholds, and in regimens using vonopra-
zan as the acid inhibitor, the HP eradication rates in the 
ITT analysis were even slightly below 80%. These find-
ings indicate that, although HDDT demonstrated effi-
cacy comparable to that of BQT, overall eradication rates 
in rescue therapy remain suboptimal. Notably, rescue 
therapy is administered after failure of initial treatment. 
In this context, bacterial resistance is more common and 
may reduce treatment efficacy. These findings further 
highlight the need to optimize drug dosage and dosing 
frequency based on antimicrobial resistance patterns to 
improve HP eradication rates in rescue therapy.

Regarding adverse events, those associated with BQT 
included nausea, taste disturbances, abdominal disten-
sion, diarrhea, dizziness, headache, and abdominal pain, 
which were mainly related to the combined use of anti-
biotics and bismuth compounds.40 In terms of adverse 
event profiles, the HDDT and the BQT groups were gen-
erally comparable. Despite increased dosing frequency 
and cumulative daily doses of acid inhibitors and amoxi-
cillin, the HDDT group had fewer adverse events than the 
BQT group. Most of these events were mild to moderate, 

Figure 5.  Forest plot of subgroup analysis of HP eradication rates (ITT).
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self-limited, resolved after treatment, and did not require 
specific intervention.

Patient compliance may be influenced by several fac-
tors, including adverse drug reactions, the complexity of 
the treatment regimen, inadequate patient education 

provided by health care professionals, and limited patient 
understanding of the disease, all of which can affect 
treatment outcomes. The higher compliance observed 
with the HDDT group compared with the BQT group may 
be attributed to its simpler dosing regimen and the lower 
incidence of adverse events.

Figure 6.  Forest plot of subgroup analysis of HP eradication rates (PP).

Figure 7.  Forest plot of adverse events.
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This meta-analysis has several limitations. First, poten-
tial bias exists because none of the included studies 
were double-blind trials. Second, most included studies 
were conducted in China, with only 1 study performed in 

Germany and Austria. This geographic concentration may 
limit the generalizability of the findings, as variations in 
antibiotic resistance patterns and baseline eradication 
rates across countries could influence treatment efficacy. 

Figure 8.  Forest plot of patient compliance.

Figure 9.  Sensitivity analysis of HP eradication rate (ITT).

Figure 10.  Funnel plot of HP eradication rate (ITT).

Figure 11.  Funnel plot of HP eradication rate (PP).

Figure 12.  Funnel plot of adverse events.
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Therefore, these results should be interpreted with cau-
tion in the context of local epidemiological characteristics 
and should not replace region-specific clinical guidelines. 
Third, some heterogeneity was observed in the second-
ary outcomes of patient compliance and adverse events. 
Fourth, the analysis included only a limited number of 
studies; therefore, additional multicenter, large-scale 
studies are needed to validate these findings. Future 
research should address other issues, such as treatment 
costs.

In conclusion, this meta-analysis showed that HDDT 
achieved eradication rates comparable to those of BQT 
in patients receiving rescue treatment after failed initial 
HP therapy, with fewer adverse events and higher patient 
compliance.
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