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Abstract – Objectives: Half of the world’s population is infected with H. pylori, with higher prevalence in 
developing countries. H. pylori infection is associated with peptic ulcer disease, gastric adenocarcinoma, and 
gastric lymphoma; therefore, eradication is recommended in all diagnosed cases. We consider that successful 
eradication should exceed 90-95%, and for this, an efficient therapy including several antibiotics and a proton 
pump inhibitor is needed. Our study aims to assess the efficacy of doxycycline-containing regimens for H. 
pylori eradication. 
Materials and Methods: English medical literature searches were conducted up to December 31, 2025. Search-
es focused on regimens containing doxycycline for the eradication of H. pylori in comparison with regimens 
without doxycycline. A meta-analysis was performed using Comprehensive Meta-analysis software (Version 4, 
Biostat Inc., Englewood, NJ, United States). Pooled odds ratios (ORs) and 95% confidence intervals (95% CIs) 
were calculated using a random-effects model. Heterogeneity was assessed using the Cochran Q test and the I2 

statistic. Potential publication bias was evaluated using funnel plots and statistical tests.
Results: We included 3 articles and 8 sub-studies in our meta-analysis that examined eradication rates of 
different regimens and compared doxycycline-based to non-doxycycline-based regimens, published up to 
December 31, 2025. The random-effects model was employed for the analysis. Doxycycline-based regimens 
were inferior to other regimens, with a mean OR for successful eradication of 0.641 (95% CI: 0.452 to 0.909; 
p = 0.013). 
Conclusions: This systematic review and meta-analysis confirmed that doxycycline-based therapeutic regi-
mens are less effective for H. pylori eradication than the other regimens studied. 
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INTRODUCTION

Helicobacter pylori (H. pylori) is a Gram-negative bacterium that colonizes the human stomach and 
is among the most prevalent chronic infections worldwide1,2. Its prevalence is disproportionately 
higher in developing countries, where epidemiological studies have consistently linked transmis-
sion to poor sanitation, overcrowding, and limited access to clean water3-5. In both developing 
and developed regions, untreated H. pylori infection is almost universally associated with chronic 
gastritis and is a major cause of peptic ulcer disease and noncardia (distal) gastric cancer, with 
the disease burden significantly heavier in high-prevalence, resource-limited settings1-4. Accord-
ingly, eradication of H. pylori infection is a key therapeutic goal for peptic ulcer healing and gastric 
cancer prevention1,2. However, the effectiveness of standard H. pylori eradication regimens has 
been increasingly compromised by rising antimicrobial resistance, resulting in higher treatment 
failure rates1,2. Current international guidelines, therefore, recommend tailoring eradication therapy 
to local and individual resistance patterns. Given the global increase in resistance to clarithro-
mycin, metronidazole, and fluoroquinolones, bismuth-based quadruple therapy is now endorsed 
as the preferred first-line regimen in most populations, including patients with penicillin allergy 
and those in resource-limited settings1,2. Clarithromycin resistance is strongly associated with prior 
macrolide exposure6 and markedly reduces the effectiveness of standard triple therapy, resulting 
in unacceptably low eradication rates in many regions6,7. Metronidazole resistance is highly prev-
alent worldwide, especially in developing countries7, and is primarily associated with alterations in 
bacterial nitroreductase activity6, reflecting the extensive use of nitroimidazoles for non-H. pylori 
infections7. At the population level, antimicrobial resistance surveillance relies on culture-based 
susceptibility testing and molecular detection of resistance-associated mutations, forming the ba-
sis for region-specific treatment recommendations7-9. At the individual level, resistance assessment 
may include phenotypic testing of gastric biopsies or molecular assays applied to gastric or stool 
samples, enabling personalized therapy and potentially improving eradication outcomes8,10. 

The growing limitations of standard triple therapy in the context of rising antimicrobial resistance 
have led to the development of combination antibiotic regimens11. As a result, multiple therapeu-
tic strategies have been developed and evaluated, including bismuth-based quadruple therapy, 
non-bismuth concomitant and sequential regimens, high-dose dual therapies, and alternative com-
binations incorporating tetracycline or doxycycline1,11. The systematic evaluation of different drug 
combinations is therefore essential to optimize eradication rates, overcome antibiotic resistance, 
and tailor treatment strategies to regional resistance patterns and individual patient characteris-
tics1,12. Differences in H. pylori eradication strategies between developed and developing countries 
reflect variations in antimicrobial resistance patterns, healthcare infrastructure, and access to di-
agnostic tools2,7. In high-resource settings, guidelines increasingly advocate susceptibility‑guided 
therapy or tailored approaches, although their widespread adoption remains limited8,12. Conversely, 
developing regions face higher infection rates, extensive resistance to clarithromycin and metroni-
dazole, and scarce access to susceptibility testing2,7. Consequently, empirical regimens, particularly 
bismuth-based quadruple therapy, are often recommended as first-line treatments in resource-lim-
ited areas due to their efficacy and resistance robustness across diverse populations2,8,13,14.

Rationale and Aim of the Study

In this meta-analysis, we aimed to compare the eradication success rates of H. pylori treatment 
regimens with and without doxycycline. Failure of doxycycline-containing regimens may indicate 
emerging resistance within the tetracycline antibiotic class, highlighting important implications for 
regimen selection and future treatment strategies.

MATERIALS AND METHODS

Identification of Studies and Data Extraction

For this meta-analysis, comprehensive searches were conducted across the MEDLINE, PubMed, 
Embase, and Google Scholar databases through December 31, 2025. The focus was on identifying 
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English-language human studies, utilizing the following search text and/or Medical Subject Head-
ings (MeSH) terms: “Helicobacter pylori” OR “H. pylori” [All Fields] AND “doxycycline”. A manual 
search was also conducted, reviewing the bibliographies of retrieved original studies, review arti-
cles, and published editorials. This meta-analysis was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) extension statement for 
interventions15-17.

Selection Criteria – Primary Endpoints

Inclusion and exclusion criteria were established before initiating the study investigation. Eligible 
studies were incorporated into the meta-analysis if they were: a. published as complete articles 
with extractable data; b. written in English; and c. comparing eradication rates of doxycycline-based 
regimens with those of non-doxycycline regimens18-10. Critically, only comparison studies reporting 
results of eradication based on an acceptable test, such as a breath test or fecal antigen test (but 
not an IHC test), were considered. The primary endpoint was defined as the resolution of the OR 
and 95% Confidence Interval (95% CI) comparing successful eradication rates.

Statistical Analysis

Meta-analysis was performed using Comprehensive Meta-Analysis software (Version 4, Biostat 
Inc., Englewood, NJ, United States)16. The random-effects model was employed to calculate pooled 
ORs and 95% CIs, assuming that the true effects varied across studies due to inherent biological 
or methodological differences.

Heterogeneity, Sensitivity, and Publication Bias

Heterogeneity was assessed using the Cochran Q test and the I2 Inconsistency index. Hetero-
geneity was considered present if the Q-test p-value was <0.10. I2 values of 25%, 50%, and 75% 
represented low, moderate, and high inconsistency, respectively.

Sensitivity testing involved systematically excluding individual studies and recalculating the over-
all meta-analysis outcome to ensure the stability and robustness of the primary result. Publication 
bias was analyzed using a funnel plot, complemented by Begg-Mazumdar and Egger statistics17. 
Comparison-adjusted funnel plots were constructed to examine their symmetry. Meta-regression 
analysis was also performed to control for bias introduced by a single study. 

RESULTS

Study Selection and Descriptive Characteristics

The literature search revealed 224 eligible papers, from which 3 articles contributing 8 sub-stud-
ies (data sets) were selected for the final meta-analysis after rigorous application of the exclusion 
criteria (Figure 1). Studies were excluded if they involved animals, lacked full-text availability, 
were not published in English (n = 197), or were editorials, reviews, duplicates, or did not meet 
the inclusion criteria (n = 24). The included studies were published up to December 31, 2025, 
and originated from 3 countries: Turkey, China, and Syria. These studies collectively involved 
1,605 patients with Helicobacter pylori infection, comprising 773 men (48.17%) and 832 women 
(51.84%); 931 (58.00%) were treated with a doxycycline-containing regimen with 79.60% suc-
cessful eradication, and 674 (42.00%) with a non-doxycycline regimen with 80.56% successful 
eradication (p = 0.013). 
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Qualitative Findings of Included Studies – A Systematic Review18-20

Ozturk et al (2017)18 compared the eradication efficacy of a bismuth-containing sequential regimen 
vs. 5 different regimens without doxycycline in treatment-naïve Helicobacter pylori-positive patients 
with non-ulcer dyspepsia, using a prospective, randomized design. The doxycycline-containing se-
quential regimen (OA+OMDB), Omeprazole 20 mg b.i.d., and amoxicillin 1,000 mg b.i.d. for 5 days, 
followed by omeprazole 20 mg b.i.d., metronidazole 500 mg t.i.d., doxycycline 100 mg b.i.d., and 
bismuth subcitrate 600 mg b.i.d. for 5 days, achieved eradication in 32/54 patients, and compared 
with 5 different regimens without doxycycline: 
1.	 Standard triple therapy for 10 days (OAC: Omeprazole 20 mg b.i.d., amoxicillin 1,000 mg b.i.d., 

clarithromycin 500 mg b.i.d) achieved eradication in 30/49 patients. 
2.	 Bismuth-based quadruple regimen for 10 days (OTMB: omeprazole 20 mg b.i.d., tetracycline 

500 mg q.i.d., metronidazole 500 mg t.i.d., bismuth subcitrate 600 mg b.i.d.), achieving eradica-
tion in 40/48 patients.

3.	 Bismuth-based quadruple therapy for 10 days (OACB: Omeprazole 20 mg b.i.d., amoxicillin 
1,000 mg b.i.d., clarithromycin 500 mg b.i.d., bismuth subcitrate 600 mg b.i.d), achieving eradi-
cation in 39/51 patients.

4.	 Sequential therapy without bismuth (OA + OCM – First 5 days: omeprazole 20 mg b.i.d., amox-
icillin 1000 mg b.i.d.; Second 5 days: omeprazole 20 mg b.i.d., clarithromycin 500 mg b.i.d., 
metronidazole 500 mg t.i.d.), achieving eradication in 34/47 patients.

5.	 Bismuth-containing sequential regimen (OA+OCMB – First 5 days: omeprazole 20 mg b.i.d., amox-
icillin 1,000 mg b.i.d. Second 5 days: omeprazole 20 mg b.i.d., clarithromycin 500 mg b.i.d., metroni-
dazole 500 mg t.i.d., bismuth subcitrate 600 mg b.i.d.,), achieving eradication in 43/52 patients. 
Doxycycline-containing sequential therapy was associated with lower eradication rates com-

pared with other bismuth-based regimens. Internal validity was strengthened by a prospective ran-
domized design, consecutive patient enrollment, standardized 14C-urea breath testing for objective 
outcome assessment, and multivariate analysis controlling for multiple cofactors, including smok-
ing and gender. Key limitations include a relatively small sample size per arm, insufficient power 
to detect differences between regimens with <80% efficacy per Maastricht criteria, a single-center 
population, limiting generalizability, a lack of antibiotic resistance profiling and CYP2C19 polymor-
phism analysis, and the absence of longer-term recurrence data.

Zhou et al (2020)19 analyzed the efficacy and safety of bismuth-based quadruple eradication 
regimens for Helicobacter pylori infection according to previous antibiotic exposure in a large pro-

Figure 1. Flow chart of studies includ-
ed in the meta-analysis.  
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spective single-center cohort. The doxycycline-containing regimen included esomeprazole 20 mg 
twice daily, doxycycline 100 mg twice daily, furazolidone 100 mg twice daily, and colloidal bismuth 
tartrate 165 mg 3 times daily for 14 days, achieving successful eradication in 695/838 patients 
(including 85 patients treated as rescue therapy after previous eradication failure). Comparable 
eradication rates were observed with the non-doxycycline regimens: 
1.	 Esomeprazole 20 mg b.i.d., amoxicillin 1,000 mg b.i.d., clarithromycin 500 mg b.i.d., and bis-

muth tartrate 165 mg t.i.d. with a successful eradication in 278/331 patients.
2.	 Esomeprazole 20 mg b.i.d., amoxicillin 1,000 mg b.i.d., furazolidone 100 mg b.i.d., and bismuth 

tartrate 165 mg t.i.d. with a successful eradication in 47/57 patients. 
Internal validity was enhanced by the large prospective design, standardized 13C/14C urea breath 

testing, systematic documentation of prior antibiotic history over 2 years, and algorithmic regimen 
allocation based on clinical exposure patterns. Limitations include unequal group sizes, a sin-
gle-center design, and the absence of antimicrobial susceptibility testing, precluding direct com-
parison with susceptibility-guided approaches.

Alhalabi et al (2021)20 compared the eradication efficacy and safety of a doxycycline-based 
bismuth quadruple regimen vs. a levofloxacin-based concomitant regimen in patients with Heli-
cobacter pylori infection. Patients treated with the doxycycline-based quadruple regimen (bismuth 
subsalicylate 524 mg four times daily, doxycycline 100 mg twice daily, tinidazole 500 mg twice 
daily, and esomeprazole 20 mg twice daily for 14 days) were compared with patients treated with 
levofloxacin concomitant regimen (levofloxacin 500 mg once daily, tinidazole 500 mg twice daily, 
amoxicillin 1,000 mg twice daily, and esomeprazole 20 mg twice daily for 14 days). Successful 
eradication was achieved in 30 of 39 patients vs. 32 of 39 patients, respectively. The difference 
in eradication rates between the two regimens did not reach statistical significance.  Internal va-
lidity was enhanced by sealed-envelope randomization, blinded outcome assessment, compliant 
reporting, and an adequate power calculation (80% power). Limitations include small sample size, 
single-center design, reliance on patient-reported medication history, self-reported compliance, 
and absence of antibiotic susceptibility testing.

Meta-Analysis Outcomes

We included in our meta-analysis 3 articles and 8 sub-studies (data sets) examining eradication 
rates of different regimens and comparing doxycycline-based to non-doxycycline-based regi-
mens, published up to December 31, 202518-20 (Figure 2, Table 1). The random-effects model was 
employed for the analysis. The studies in the analysis are assumed to be a random sample from 
a universe of potential studies, and this analysis will be used to make an inference about that uni-
verse. The mean effect size (OR) of successful eradication with doxycycline-based regimens is 
0.641, 95% CI: 0.452 to 0.909, p = 0.013. The mean effect size across comparable studies could 
fall anywhere within this interval. The Z-value tests the null hypothesis that the mean effect size 
is 1.000 and yields a Z-value of -2492 with p = 0.013. Using a criterion alpha of 0.050, we reject 
the null hypothesis and conclude that in the universe of populations comparable to those in the 
analysis, the mean effect size is not precisely 1.000. The relevant funnel plot (Figure 3) suggests 
no significant publication bias (p > 0.05). The Q-statistic provides a test of the null hypothesis that 
all studies in the analysis share a common effect size. If all studies shared the same true effect 
size, the expected value of Q would be equal to the degrees of freedom (the number of studies 
minus 1). The Q-value is 12.155 with 7 degrees of freedom and p = 0.096. Using a criterion al-
pha of 0.100, we can reject the null hypothesis that the true effect size is the same in all these 
studies. The I-squared statistic is 42%, indicating that 42% of the variance in observed effects is 
due to variance in true effects rather than sampling error. If we assume that the true effects are 
normally distributed (in log units), we can estimate the prediction interval to be 0.263-1.562. The 
true effect size in 95% of all comparable populations falls in this interval (Figure 4). We measured 
sensitivity by excluding individual studies and recalculating the overall meta-analysis outcome. 
This process was repeated for each of the studies. Deviations from the primary result were not 
significant. 

When studies were analyzed separately according to whether their OR was up to (and including) 
or above the median value (0.556), the results remained in the same direction and within the pre-
diction interval, ranging from an OR of 0.391 (95% CI 0.254-0.611) to 0.928 (95% CI 0.702-1.226).



R.R. Molgan, Y. Niv

6

Figure 2. Forest plot illustrating OR and 95%CI for a successful H. pylori eradication with doxycycline-based regimens.

TABLE 1. COMPARISON OF THE SUCCESSFUL ERADICATION OF REGIMENS CONTAINING 
DOXYCYCLINE WITH REGIMENS WITHOUT DOXYCYCLINE. 

Author	 Sub-study	 Country	 Year	 X1	 N1	 X2	 N2
	
Ozturk18	 ST with Dox. vs. TT therapy; 	 Turkey	 2017	 32	 54	 30	 49
	   10 days; 25 m, 29w; mean age 45;
	   26m, 23w; mean age 45; 

Ozturk18	 ST with Dox. vs. BQT; 	 Turkey	 2017	 32	 54	 40	 48
	   10 days; 25m, 29w; mean age 45;
	   22m, 26w; mean age 44; 

Ozturk18	 ST with Dox. vs. BQT;	 Turkey	 2017	 32	 54	 39	 51
	   10 days; 25m, 29w; mean age 45; 
	   26m, 25w; mean age 44; 

Ozturk18	 ST with Dox. vs. ST; 	 Turkey	 2017	 32	 54	 34	 47
	   10 days; 25m, 29w; mean age 45; 
	   19m, 28w; mean age 47; 

Ozturk18	 ST with Dox. vs. ST; 	 Turkey	 2017	 32	 54	 43	 52
	   10 days; 25m, 29w; mean age 45;
	   26m, 26w; mean age 46; 

Zhou J19	 BQT with Dox. vs. BQT with Amox;	 China	 2020	 695	 838	 278	 331 
	   14 days; 399m, 439w; mean age 44;
	   160m, 171w; mean age 44; 

Zhou J19	 BQT with Dox. vs. BQT with Amoxi;	 China	 2020	 695	 838	 47	 57
	   14 days; 399m, 439w; mean age 44;
	   29m, 28w; mean age 44; 

Alhalabi20	 BQT with Dox. vs. QT; 14 days;	 Syria	 2021	 30	 39	 32	 39
	   21m, 18w; mean age 42; 
	   20m, 19w; mean age 46; 

Dox = Doxycycline; Amox = Amoxicycline; BQT = Bismuth quadruple therapy; QT = Quadruple therapy; ST = Se-
quential therapy; TT = Triple therapy; Men = m; Women = w.
X1 = Number of patients treated with doxycycline-based regimens with successful eradication; N1 = Total number of 
patients treated with doxycycline-based regimens. 
X2 = Number of patients treated with non-doxycycline-based regimens with successful eradication; N2 = Total num-
ber of patients treated with non-doxycycline regimens.
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DISCUSSION

Quantifying the Eradication Rate in Doxycycline-Based Regimens

In the present meta-analysis, doxycycline-containing regimens were associated with lower overall 
eradication success than regimens that did not include doxycycline. The pooled analysis indicated 
a statistically significant disadvantage for doxycycline-based combinations, with moderate het-
erogeneity between studies. These findings suggest that doxycycline should not be assumed to 
provide a consistent additive benefit in contemporary H. pylori eradication strategies and may, in 
certain therapeutic combinations, reflect a less optimized treatment approach. 

The present findings differ from those reported in an earlier meta-analysis21, which summa-
rized older studies and suggested that doxycycline-containing regimens could achieve accept-

Figure 3. Funnel plot for publication bias of all the studies.

Figure 4. Range of true effects.
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able eradication rates for H. pylori, particularly when a tetracycline-class antibiotic was required 
or when amoxicillin could not be used. However, the apparent discrepancy between that analysis 
and the current findings does not necessarily represent a biological contradiction. Rather, it likely 
reflects contextual differences between the bodies of evidence, including differences in the time 
periods in which the studies were conducted, the treatment regimens evaluated, the optimization 
of comparator therapies, and evolving antimicrobial resistance patterns. Among these factors, 
changes in global antimicrobial resistance patterns are likely to have played a particularly im-
portant role.

Most studies included in the earlier meta-analysis were conducted between the 1990s and 
early 2010s21. During that period, antimicrobial resistance patterns of H. pylori differed substan-
tially from those observed today, and resistance rates to several commonly used antibiotics were 
generally lower. Over the past two decades, however, multiple epidemiological investigations and 
global meta-analyses have documented a substantial increase in resistance to key antibiotics such 
as clarithromycin, metronidazole, and fluoroquinolones across most regions7. Subsequent surveil-
lance studies have confirmed continued increases in resistance and marked geographic variabil-
ity in antimicrobial susceptibility patterns22-24. These trends have been associated with declining 
eradication rates for previously effective regimens and have prompted substantial modifications to 
recommended treatment strategies worldwide.

Critical Appraisal of Included Data and Sources of Heterogeneity

The aggregated data suggest less universal success for doxycycline-based regimens, and the 
quantitative analysis revealed low heterogeneity (I2 = 42%). The studies included in this meta-anal-
ysis varied in design, population characteristics, and therapeutic strategies, which may partly ex-
plain the variability observed across treatment outcomes. The available evidence was derived from 
prospective randomized trials as well as prospective cohort analyses conducted in single-center 
settings. Some studies incorporated randomized treatment allocation and standardized diagnos-
tic methods, such as urea breath testing or stool antigen testing to confirm eradication, which 
strengthens the internal validity of the reported outcomes18,19. However, differences in treatment 
regimens, including variations in antibiotic combinations, treatment duration, and the clinical con-
text of therapy (first-line vs. rescue treatment), may have influenced eradication success across 
studies. Additional variability may have arisen from differences in patient populations and regional 
treatment practices. Furthermore, most studies did not include detailed antimicrobial susceptibility 
testing, limiting the ability to directly assess the influence of local resistance patterns on treatment 
efficacy18-20. Together, these methodological and clinical differences represent important sources 
of heterogeneity that should be considered when interpreting the pooled estimates of doxycy-
cline-containing eradication regimens.

Clinical Implications and Future Therapeutic Strategies

The present meta-analysis provides a quantitative synthesis of the available comparative evidence 
regarding doxycycline-containing regimens for H. pylori eradication. By pooling data from clini-
cal studies, this analysis provides a clearer assessment of the relative effectiveness of doxycy-
cline-based therapies compared with alternative treatment strategies, an area where direct com-
parative evidence has historically been limited.

The findings suggest that doxycycline-containing regimens may achieve less consistent erad-
ication success than other commonly used treatment approaches. This observation has potential 
clinical relevance, particularly in the context of ongoing efforts to optimize eradication strategies 
in the face of evolving antimicrobial resistance patterns. The moderate heterogeneity observed 
across studies (I² = 42%) likely reflects differences in treatment regimens, patient characteristics, 
prior antibiotic exposure, and regional resistance patterns.

Taken together, these results contribute to the current evidence base by providing a contempo-
rary quantitative estimate of the relative performance of doxycycline-containing regimens and by 
clarifying their potential role in modern H. pylori treatment strategies.
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Limitations

Potential limitations should be considered in this review: (1) Only English-language literature was 
included, potentially leading to selection bias. (2) The meta-analysis included studies that used dif-
ferent regimens, which may cause heterogeneity. (3) Our data involved patients from only 3 coun-
tries, all of which are developing countries, indicating a possibility for variation in results across 
other geographical areas, ethnic groups, or resistance of H. pylori to different antibiotics.

The included studies employed different methods for H. pylori diagnosis, treatment, or repeated 
tests to assess eradication success. In addition, the recurrence rate (recrudescence or reinfection) 
could not be considered. The studies involved different types of H. pylori bacteria, including Ca-
gA-positive and CagA-negative strains, with varying virulence.  

CONCLUSIONS

This systematic review and meta-analysis confirmed that doxycycline-based therapeutic regimens 
are less effective for H. pylori eradication than the other regimens studied. 
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