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ABSTRACT

Background and Aims: Previous antibiotic use influences Helicobacter pylori antibiotic resistance. This study evaluated how
prior population-level macrolide (especially clarithromycin) use affects H. pylori eradication success in naive patients.
Methods: Retrospective, multicenter, ecological study. Multivariate logistic regression was performed with modified intention-
to-treat effectiveness as the main outcome. Key variables included first-line clarithromycin-based treatments, therapy duration
(7, 10, 14 days), proton pump inhibitor dose (low, standard, high), compliance (>90%), and clarithromycin consumption (defined
daily doses/1000 inhabitants/day, from the European Surveillance of Antimicrobial Consumption Network). Nested hierarchical
models incorporated macrolide consumption, matched by year and country, and assessed the interaction between consumption
and first-line empirical treatments from the European Registry on H. pylori Management (Hp-EuReg).

Results: The study included 27,549 naive patients from 23 countries with macrolide consumption data from 2013 to 2022. Higher
macrolide consumption, within 0 to 8years before treatment, was associated with reduced treatment effectiveness. The eradi-
cation rate consistently decreased as macrolide consumption increased, particularly within the previous 4years. The efficacy
of triple-clarithromycin-metronidazole, triple-clarithromycin-amoxicillin, and some bismuth-quadruple therapies containing

Abbreviations: C, clarithromycin; DDD, defined daily dose; DID, daily dose per day per 1000 inhabitants; ESAC-Net, European surveillance of antimicrobial
consumption network; Hp-EuReg, European registry on Helicobacter pylori management; H. pylori, Helicobacter pylori; LRT, likelihood ratio test; mITT, modified
intention to treat; OR, odds ratio.
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clarithromycin decreased with higher macrolide consumption. At the country level, higher population consumption of clarithro-

mycin 2years before treatment was associated with a decrease in eradication rates from 93% to 82%.

Conclusion: Higher macrolide consumption in the general population negatively impacts the effectiveness of first-line H. pylori

regimens. These findings support that clarithromycin should only be administered as a susceptibility-based therapy, with the

strongest negative impact of prior population-level exposure observed within 5years and diminishing thereafter. ClincialTrials.

gov number, NCT02328131.

1 | Introduction

Helicobacter pylori (H. pylori) infects over 40% of the global pop-
ulation [1], causing symptoms or disease in 10% of the cases, po-
tentially impacting 800 million people [2]. It commonly leads to
dyspepsia but can also cause severe conditions like gastric can-
cer [3-5].

Helicobacter pylori (H. pylori) infection is challenging due to
limited effective antibiotics and rising resistance. Commonly
used clarithromycin-based therapies [6] lose efficacy when re-
sistance exceeds 15%, as shown in several studies, particularly
when empirical (non-susceptibility-based) therapies are used
[7-9]. Based on these data, current guidelines discourage its use
beyond this threshold [4, 5], and clarithromycin should only be
administered as a susceptibility-based therapy.

Rational antibiotic use is crucial in preventing microbial re-
sistance [10], and a clear relationship exists between antibi-
otic consumption and H. pylori resistance [11-17]. However,
it remains unclear whether prior antibiotic use in the general
population impacts the effectiveness of H. pylori eradication
treatments.

In this ecological study, our objective was to analyze the rela-
tionship between the population level of antibiotic consumption
(by year and country) in Europe and the effectiveness of eradica-
tion treatments in individual treatment-naive patients infected
with H. pylori.

2 | Methods

Antibiotic consumption data were obtained from the European
Centre for Disease Prevention and Control (ECDC) through
the European Surveillance of Antimicrobial Consumption
Network (ESAC-Net), which tracks antibiotic use (JO1 group
of the anatomic therapeutic chemical (ATC) classification)
[10] in the community and hospitals. Antibiotic use is mea-
sured in daily dose (DDD) per 1000 inhabitants per day (DID)
[18]. These data exclude antibiotic use in animal husbandry
and fish culture.

Helicobacter pylori (H. pylori) treatment efficacy data for naive pa-
tients were sourced from Hp-EuReg. Hp-EuReg is a multicenter,
non-interventional registry (38 countries) started in 2013 by the
European Helicobacter and Microbiota Study Group (www.helic
obacter.org) [6, 18]. The study follows ethical guidelines, was
approved by the Hospital Universitario de La Princesa Ethics
Committee, and isregistered on ClinicalTrials.gov(NCT02328131).
Further information is detailed in the published protocol [19].

2.1 | Data Management

Hp-EuReg data were recorded in an Electronic Case Report
Form (e-CRF) at REDCap hosted at “Asociacion Espaiiola
de Gastroenterologia” (AEG; www.aegastro.es) [20, 21], ano-
nymized, and included first-line treatments registered between
June 2013 and June 2023. Written informed consent was ob-
tained from all participants. The data set was restricted up to
2022 to align with ESAC-Net records.

After data extraction, the Hp-EuReg data were quality-reviewed
and discordances were resolved by querying the investigators.

The data collection from the ESAC-Net database was evaluated
for validity using a checklist addressing various biases, including
coverage bias in census data, sampling bias in sample data, un-
accounted over-the-counter sales in reimbursement data, issues
with parallel trade or inadequate registration of non-reimbursed
antibiotics, and shifts in antibiotic use between ambulatory and
hospital care. To ensure comparability, results were standard-
ized as Defined Daily Doses (DDD) per 1000 inhabitants per day
(DID), with population estimates based on mid-year figures from
the WHO European Health for All database [22]. A comprehen-
sive methodology description, including data provider details and
discussions on validity, is available in a separate publication [23].

2.2 | Variable Categorization and Definitions

To enhance data interpretation, variables were categorized.
Proton pump inhibitor (PPI) doses were standardized to ome-
prazole equivalents and grouped as low-dose (4.5-27 mg of ome-
prazole equivalents given twice a day), standard-dose (32-40mg
of omeprazole equivalents given twice a day), and high-dose
(54-128 mg of omeprazole equivalents given twice a day) [24, 25].

Treatment durations were classified as 7, 10, or 14days.
Compliance was defined as >90% of medication taken. Only em-
pirically treated patients were included. Seven treatment regimens
were analyzed. Those including macrolides were: Triple-CA (PP,
clarithromycin, amoxicillin); Triple-CM (PPI, clarithromycin,
metronidazole); Seq-CAT-CAM and Conco-CAT-CAM (PP, clar-
ithromycin, amoxicillin, metronidazole or tinidazole); Quad-CAB
(PPI, clarithromycin, amoxicillin, bismuth). Regimens without
macrolides were: BQT (PPI, metronidazole or tinidazole, tetracy-
cline, and bismuth) and Sc-BQT (PPI, metronidazole, tetracycline,
and bismuth prescribed as a three-in-one single capsule).

Effectiveness was evaluated using a modified intention-to-
treat (mITT) analysis, including all patients empirically treated
(not receiving a susceptibility-guided antibiotic prescription)
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who completed follow-up. H. pylori eradication was confirmed
>4weeks post-treatment using urea breath test, stool antigen,
or histology.

2.3 | Data Analysis

Alogistic regression model was initially constructed to assess the
effectiveness of different H. pylori eradication treatments. The
explanatory variables included compliance (Yes/No), treatment
duration (7, 10, or 14 days), PPI dose (low, standard, or high), and
treatment type (seven categories: Triple-CA, Triple-CM, Conco-
CAT-CAM, Seq-CAT-CAM, Quad-CAB, BQT, and Sc-BQT).
The outcome variable was treatment success or failure based
on the mITT analysis. BQT and Sc-BQT, which do not contain
macrolides, were used as the reference category for treatment
comparison.

To refine the model, an Akaike step-backward selection was
performed, but none of the variables could be removed without
compromising model performance. The Akaike Information
Criterion (AIC) was used to balance model fit and complexity,
with lower AIC values indicating better optimization.

To evaluate the potential ecological association between
community-level macrolide consumption and clarithromycin-
based treatment effectiveness, macrolide consumption data
(mean: 2.77; range: 0.58-7.88) were incorporated in the re-
gression model. A country- and year-matched approach was
applied to align macrolide consumption values with patient
treatments. The analysis explored whether past macrolide
consumption influenced treatment outcomes using three
approaches:

« Annual consumption data from previous years (1-10years
before treatment, covering 2013-2022).

« Cumulative consumption over 1-10years (2013-2022).

« Average macrolide consumption during the same period
(2013-2022).

A delay of zero years was applied for patients who received treat-
ment in the same year as macrolide consumption, regardless of
whether the antibiotics were taken before or after treatment.

To assess the interaction between macrolide consumption and
clarithromycin-based treatments, an interaction term was in-
cluded in the regression model. This interaction was evaluated
through the ratio of two odds ratios (OR). The first OR compared
clarithromycin-based treatments to non-clarithromycin-based
treatments at a given value of macrolide consumption, a con-
tinuous variable. The second OR examined the same compari-
son but with macrolide consumption increased by one unit. The
resulting ratio, usually referred to as the OR of the interaction,
indicated whether macrolide consumption influenced treatment
effectiveness; an OR less than one suggests that increased mac-
rolide consumption is associated with reduced effectiveness of
clarithromycin-based treatments, indicating a potential negative
impact. Conversely, an OR greater than one implies a potentia-
tion effect, where higher macrolide consumption may enhance
the effectiveness of these treatments.

Model improvement was evaluated using the likelihood ratio
test (LRT), which compared nested models to determine
whether additional predictors significantly enhanced the model
fit. The first step involved adding macrolide consumption to the
core model, followed by evaluating its impact with the LRT. If
this addition improved the model, an interaction term was sub-
sequently introduced, and its significance was also tested again
with LRT (Figure 1).

Qualitative variables were reported as relative frequencies,
expressed as percentages with 95% confidence intervals (CIs).
Statistical significance was defined as p<0.05. All analyses
were conducted using R version 4.1.2, with custom scripts and
base functions from the R programming environment (http://
www.R-project.org; the R Foundation for Statistical Computing,
Vienna, Austria) [26].

3 | Results

A subset of 58,321 treatment-naive patients was first selected
from the original Hp-EuReg database (70,670 patients enrolled
between 2013 and 2023). From this group, a further refined
subsample of 27,549 patients was chosen for analysis based on
their treatment regimen. Patients included in the final analysis
had received one of the following seven first-line eradication
treatments: Triple-CA, Triple-CM, Conco-CAT-CAM, Seq-
CAT-CAM, Quad-CAB, BQT, and Sc-BQT (Figure 2). These
patients were recruited from 23 European countries, with the
highest number of participants coming from Spain (n=16,517),
followed by Italy (n =3247), and Slovenia (n =2889). The patient
distribution across the remaining countries covered Western,
Northern, Southern, Central, and Eastern Europe, as well as the
Baltic region.

3.1 | Global Effect of Macrolide Consumption on
Treatment Effectiveness

The impact of macrolide consumption on treatment effective-
ness was analyzed by adding this variable as covariate in the
core model. Model performance improved significantly when
macrolide consumption was introduced (LRT p=3.84%x1077).
The analysis of 23,131 patients across 21 countries revealed that
clarithromycin-based treatments became less effective with in-
creased macrolide consumption in the previous year (Figure 3).
The effect of macrolides was a reduction of treatment effective-
ness of 13%.

We analyzed the effect of macrolide consumption on mITT ef-
fectiveness at different time delays before treatment (Figure 4).
For each added year of delay, marginal effects were assessed at
five macrolide consumption values. The core models with and
without this variable were compared by LRT. Effectiveness de-
cline was most pronounced within the first 2years after con-
sumption, peaking at 3years before beginning to recover at
four- and five-year delays.

When countries with the highest number of reported cases
were excluded—Spain alone (59%); Spain and Italy (72%);
or Spain, Italy, and Slovenia (82%) (Figure S1)—the overall
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Core Model
(mITT ~ compliance + length + PPI dose + treatment)

v

+ Macrolides Consumption

Core Model + macrolides

v

Likelihood Ratio Test

P<0.05

+ Interaction Macrolides/Treatment

Core Model + macrolides + Interaction macrolides*treatment

Likelihood Ratio Test

v

P<0.05

Final Model
(mITT ~ compliance + length + PPI dose + treatment + macrolides + macrolides*treatment)

PPI: proton pump inhibitor; mITT: modified intention-to-treat.

FIGURE1 | Hierarchical models. The flow chart depicts the construction of three models used in this study: the core model, the model with mac-

rolide consumption, and the model with macrolide consumption-treatment interaction. mITT, modified intention-to-treat effectiveness; PPI, proton

pump inhibitor.

pattern did not change substantially. However, across all three
sensitivity analyses, a negative association between antibiotic
consumption and resistance emerged during the first 3years,
in contrast to the global model where the resistance peak ap-
peared after a two-year lag. Moreover, a shift in treatment ef-
ficacy was observed toward the fourth year. Notably, for the
entire series from 0 to 8 years, the model excluding Spain (the
country with the highest number of cases) alone consistently
converged—that is, it consistently supported the inclusion of
macrolide use—whereas the original model ceased to con-
verge from the fifth year onward. Similar results were ob-
tained when excluding patients from Spain and Italy, or from
Spain, Italy, and Slovenia.

3.2 | Interactions Between Macrolide
Consumption and Treatments

To further assess the impact of macrolide consumption on
mITT effectiveness, an interaction term between macrolide
consumption and treatment was added to the core model
(Figure 1). LRT analysis confirmed that including these terms
improved model fit across all time delays (Table 1). For one-
year delay, the treatments most affected were Triple-CA (OR:
0.80, p: 4.5 x1073), Triple-CM (OR: 0.50, p: 1.69 x10~°), and
Quad-CAB (OR: 0.55, p: 1.39 x1072). Increasing macrolide
consumption by one unit reduced Triple CA effectiveness by

20% (OR: 0.8). Similar patterns were observed for delays up
to 8years, improving the fit of the model at all the time de-
lays (Table 2). (Table 3) presents the effects of the interaction
macrolide consumption/treatment on treatment effectiveness
for delays of 0-8years. For Triple-CA, the interaction with
macrolide consumption was significant across most delays.
ORs were below one, indicating that higher levels of macro-
lide consumption were associated with reduced effectiveness
compared to non-clarithromycin-based treatments. Similar
patterns were observed for Triple-CM, throughout different
delays.

Conversely, ORs for Conco-CAT-CAM were slightly above one
for two- and three-year delays, as was that of Seq-CAT-CAMat
for the five-year delay, though effects were clinically minor.
Quad-CAB showed reduced effectiveness for one- and two-year
delays, but extreme OR values (6.44 and 88,000) for longer de-
lays, likely due to small sample sizes affecting model stability. In
fact, the last four cases for this treatment (5-, 6-, 7-, and 8-year
delays) were calculated with 7.3%, 4%, 3.6%, and 3.5% of cases
with respect to the reference level, highlighting a clear lack of
robustness due to model instability.

Despite these variations, results remained consistent in the
analysis of data from all countries and from those with the larg-
est patient samples (Spain and Italy), thus reinforcing the reli-
ability of the findings.
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Hp-EuReg Database
70,670 patients

l—»‘ Non-naive patients (n=12,349) were excluded |

v
Cohort: 58,321 patients |

_.I Patients without diagnosis test of H. pylori (n=192) l

—4 Patients with antibiotics resistance tests (n=2,692) |

A4

| Cohort: 55,437 patients |

| Matching years/countries bet\;/een consumption & patients

|

‘ * | Patients not receiving "Triple-CA","Triple-CM","Conco-CAT
CAM","Seq-CAT-CAM","Quad-CAB","Quad-BQT", “Sc-BQT"

Final Cohort: 27,549 patients
(23 countries)

| n=2275(2013) |

| n=3,060 (2014) |

[ n=2,494 (2015) | | n=2,693 (2016) |

n=2,582 (2017)

n=2,014 (2023)

n=2,986 (2022)

n=3,002 (2021) |
n=2,133 ( 2020) |

n=2,268 (2019) |

| n=2,042(2018) | |

FIGURE2 | Flow chart of patient selection. A, amoxicillin; B, bismuth; BQT: Bismuth quadruple therapy prescribed with metronidazole, tetracy-
cline and bismuth administered separately; C, clarithromycin; M, metronidazole; n, number of treatment-naive patients prescribed with an empirical

therapy; Sc-BQT, bismuth quadruple therapy prescribed with metronidazole, tetracycline and bismuth all administered in a single capsule (Pylera);

T, tinidazole; PPI, proton pump inhibitor.

3.3 | Average and Accumulated Macrolide
Consumption

Macrolide consumption was analyzed as both accumulated and
average intake over the years, but neither approach improved
the core model, as LRT analysis showed no statistically signif-
icant effect.

4 | Discussion

In the current study, we observed that previous macrolide con-
sumption at the population level was ecologically associated with
a significant reduction in the effectiveness of clarithromycin-
containing therapies in individual patients.

Several studies link personal antibiotic use to resistance and re-
duced efficacy [27, 28]. Accordingly, some authors recommend
against clarithromycin-based regimens after prior exposure
[27], while others highlight the benefit of optimizing treatments
based on past macrolide use [29].

Our study found that the effectiveness of clarithromycin-based
treatments was influenced not just by whether clarithromycin

was used, but also by the DDD amount. A linear relationship
was observed, with eradication rates declining as the daily dose
increased. Specifically, eradication rates dropped from 93% for
consumption below 1 DDD to 82% for 8 DDD. We also unveiled
two key findings: firstly, higher levels of prior macrolide con-
sumption were linked to lower treatment effectiveness, partic-
ularly if consumption occurred within 4 years before treatment;
secondly, the negative impact was more pronounced for con-
sumption within 2years prior to receiving treatment and at
higher macrolide doses.

Studies on other infections have shown that antibiotic resistance
is higher when exposure occurs closer to treatment [30, 31], and
decreases gradually over time [32, 33]. This pattern has been
observed in both primary care and hospital settings [31, 34]. In
hospitals, resistance often develops within 0 to 6 months after
exposure [34]. For macrolides, resistance can persist for at least
three months [30].

In our study, the global effects—analyzed with the core
model including macrolide consumption but not the inter-
action between macrolide consumption and treatment—re-
mained significant for up to a four-year delay. Although
adding macrolide consumption from the fifth year onward did
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FIGURE 3 |

Effect on the modified intention-to-treat effectiveness of macrolide community consumption a year before clarithromycin-based

treatment. DDD, defined daily dose (expressed as number/1000 inhabitants/day); mITT, modified intention to treat effectiveness.

not improve the core model's fit, the results still followed a
similar pattern to earlier years, except for the six-year delay.
This pattern suggested that higher antibiotic consumption
remained associated with lower treatment effectiveness over
an extended period, though with a weaker impact. Previous
studies suggest that longer intervals between exposure and
treatment reduce the negative impact on H. pylori eradica-
tion [13, 14]. This may be due to interactions among diverse
H. pylori colonies within a patient, leading to the disappear-
ance of resistant strains. However, research beyond 5years
is limited [15], and longitudinal studies tracking strain evo-
lution are lacking. Clarithromycin resistance results from
irreversible mutations in the 23S rRNA gene, the antibiotic's
binding site, with A2143G, A2142G, and A2142C being the
most common mutations worldwide [12, 35]. Triple therapies
were most affected by prior antibiotic use, with Triple-CM and
Triple-CA showing a 50% and a 20% reduction, respectively.
It is reasonable to assume that triple therapies involving an-
tibiotics with higher antibiotic resistance rates, such as clari-
thromycin (over 15%) and metronidazole (over 30%), are more
directly influenced by previous antibiotic consumption; thus,
the greater susceptibility of Triple-CM (OR=0.50) to macro-
lide exposure compared to Triple-CA (OR=0.80) might stem
from potential synergistic resistance between clarithromycin

and metronidazole. Regional resistance data may help clarify
this interaction as the decline persisted in the analysis of lon-
ger delays, especially for Triple-CM. Interestingly, Quad-CAB
also showed reduced effectiveness with prior clarithromycin
use, suggesting that even with bismuth, clarithromycin resis-
tance remains influential. Additionally, Extreme OR values,
such as ORs 88,000 or 0.009 for Quad-CAB at 7 and 8-year
delay, reflect model instability due to small samples. These
were retained for transparency but should be interpreted cau-
tiously. Missing values in Table 3, such as for Triple-CA and
Triple-CM in 2-4years, reflect strata non-significant interac-
tions. Interestingly, for Conco-CAT-CAM, ORs were slightly
above one for 2- and 3-year delays, raising the possibility that
concomitant therapy may be less susceptible to the effects of
prior clarithromycin exposure. This finding contrasts with the
treatment's exclusion in recent ACG guidelines and warrants
further investigation in future trials.

Our study has several limitations. Firstly, due to its retrospec-
tive nature, several variables that may influence outcomes,
such as smoking, alcohol consumption, socioeconomic status,
hygiene practices, use of concomitant medications, and body
mass index, among others, could not be analyzed. Antibiotic
consumption was not assessed at the individual level;
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FIGURE 4 | Effect of macrolide community consumption on clarithromycin-based treatment effectiveness for different delay periods between

consumption and treatment. Different consumption levels (0.6, 2, 4, 6, 8 DDD/1000 inhabitants/day) are color-coded. The x-axis represents delay

times between consumption and treatment year. Treatment effectiveness by modified intention to treat (mITT) was analyzed. *Significant model
improvement with a likelihood ratio test (LRT), p <0.05. DDD, defined daily dose.

therefore, a potential bias may exist between individual antibi-
otic use and the presence of resistance or the eradication of H.
pylori in that individual. Parallel data on antibiotic resistance
for each country during the study period were also unavail-
able. Nonetheless, as observed in other studies of infections
similar to ours, [30, 31] resistance tends to follow antibiotic
consumption patterns. Importantly, antibiotic sales records
can provide an approximate measure of population-level anti-
biotic pressure and how such consumption may influence the
efficacy of empiric treatments that include the same antibiotic;
however, this approach has inherent limitations, as it does not
capture individual exposure histories, indication-specific use,
or fully reflect resistance patterns, and therefore should be in-
terpreted cautiously as a surrogate for treatment efficacy. The
small sample size in some countries and treatment regimens
limited subgroup analysis, though results remained consis-
tent when focusing on Spain and Italy. Additionally, general-
izing our findings is challenging due to the limited number
of cases and centers in many countries. The impact of prior
antibiotic use on second-line treatment was not assessed, and
neither was antibiotic susceptibility (with genetic analyses
or cultures). Furthermore, we did not differentiate types of
macrolides, and the system could only model macrolide con-
sumption, not that of other antibiotics like metronidazole or
levofloxacin. However, resistance to metronidazole has been
reported to have minimal impact on eradication success. We
also acknowledge that key confounders such as smoking sta-
tus, alcohol use, body mass index (BMI), and CYP2C19 metab-
olizer phenotype were not available in the registry and could

not be included in the models. Lastly, as this was an ecologi-
cal study, it linked community-level macrolide use with indi-
vidual outcomes, introducing a risk of ecological fallacy and
limiting causal inference, as individual macrolide exposure
was not measured. Additionally, potential confounders such
as personal antibiotic history and regional resistance patterns
may have influenced the overall findings.

The study strengths include the large sample size (27,549 pa-
tients), the long follow-up (10-year evaluation), the use of in-
ternational antibiotic data, and the assessment of real-world
treatment effectiveness across multiple countries and common
regimens.

In conclusion, prior clarithromycin exposure in the general
population significantly reduces the efficacy of first-line H.
pylori clarithromycin-containing eradication regimens, par-
ticularly when exposure occurred within the past 5years
and at higher doses. The most affected regimens were
clarithromycin-based triple therapies and certain bismuth-
based quadruple therapies containing clarithromycin. It is
necessary for governments to develop and standardize manda-
tory reporting items to enable meaningful comparisons—such
as treatment indications, treatment types, diagnostic methods,
adverse effects, resistance rates, and others. Additionally, pro-
spective longitudinal studies in large populations, including
biological samples and extended follow-up periods, are needed
to establish the biological and epidemiological mechanisms
underlying this association.
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TABLE 1 | Effect on treatment effectiveness of the interaction between treatments and macrolide consumption in the community 1 year before
treatment. The table presents odds ratios, confidence intervals, and significance for a logistic regression model assessing macrolide consumption
(previous year), treatment duration, PPI dose, regimen, and eradication outcome. Reference levels were Sc-BQT and BQT (7 days), low-dose PPI, and
non-compliance.

OR 2.50% 97.50% 4
(Intercept)? 1.8039 1.1194 2.9039 1.53E-02*
Compliance 8.8386 6.9731 11.1915 5.32E-73%**
Length10days 0.7564 0.6377 0.8957 1.28E-03**
Length14 days 0.8715 0.7288 1.0404 1.30E-01
Standard-dose PPI 1.7664 1.5519 2.0150 1.32E-17%#*
High-dose PPI 2.0250 1.8153 2.2608 2.01E-36™**
Triple-CA 0.5869 0.3800 0.9070 1.63E-02*
Triple-CM 0.8806 0.4166 1.8697 7.40E-01
Conco-CAT CAM 0.5119 0.3238 0.8083 4.11E-03**
Seq-CAT-CAM 0.8371 0.3140 2.2303 7.22E-01
Quadruple-CAB 2.0910 0.5973 7.6683 2.56E-01
Macrolides 0.9604 0.8419 1.0991 5.52E-01
Triple-CA:Macrolides 0.7990 0.6836 0.9318 4.50E-03**
Triple-CM:Macrolides 0.4921 0.3558 0.6801 1.69E-05%**
Conco-CAT CAM:Macrolides 1.0648 0.9083 1.2476 4.38E-01
Seq-CAT-CAM:Macrolides 0.9517 0.7354 1.2345 7.08E-01
Quad-CAB:Macrolides 0.5561 0.3471 0.8856 1.39E-02*

Signif. codes: 0 *** 0.001 ** 0.01 ** 0.05°° 0.1’ 1

Abbreviations: A, amoxicillin; B, bismuth; C, clarithromycin; M, metronidazole, OR, odds ratio; PPI, proton pump inhibitor; T, tinidazole.
2The ‘intercept’ represents the baseline log odds of treatment success for the reference group. Compliance is entered next to emphasize its substantial contribution to
eradication outcomes. Scientific notation (e.g., 1.53E-02) denotes exponential values (1.53 X 1072).

TABLE 2 | Likelihood Ratio Test for different logistic regression models throughout the full range of delays between macrolide consumption and
treatment.

p value of LRT p value of LRT including
including macrolides macrolides/treatment interaction n° Patients n° Countries  Years
Same year 0.07294 1.848e-14 25,525 23 10
lyear-delay 3.843e-07 1.155e-13 23,131 21 9
2year-delay 1.782e-08 8.944e-16 19,935 19 8
3year-delay 7.271e-06 2.103e-09 17,381 16 7
4year-delay 0.002985 1.008e-08 14,683 16 6
Syear-delay 0.3623 2.2e-16 12,106 16 5
6year-delay 0.6422 2.209e-14 9992 16 4
7year-delay 0.7378 3.058e-05 7882 15 3
8year-delay 0.4899 6.207e-05 5850 16 2

Note: The table presents LRT (Likelihood Ratio Test) results comparing the core model with macrolide consumption alone and with interaction terms, showing
significant improvements. Non-significant results are highlighted in gray.
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TABLE 3 | Effect on treatment effectiveness of the interaction between H. pylori eradication treatments and macrolide consumption in the
community throughout the full range of delays between macrolide consumption and treatment.

Years of delay
0 1 2 3 4 5 6 7 8
Triple-CA:Macrolides 0.65 0.80 NS NS 0.76 0.61 0.56 0.72 0.63
Triple-CM:Macrolides 0.35 0.50 0.51 0.55 NS 0.60 0.57 NS NS
Conco-CAT CAM:Macrolides NS NS 1.25 1.18 NS NS NS NS NS
Seq-CAT-CAM:Macrolides 0.78 NS NS NS NS 1.18 NS NS NS
Quad-CAB:Macrolides NS 0.56 0.53 NS NS 6.44 NS 88,000 0.009

Note: The table displays significant (<0.05) odds ratios for interaction terms in macrolide-based treatments across different delays.
Abbreviations: A, amoxicillin; B, bismuth; C, clarithromycin; M, metronidazole; NS, non-significant interactions; T, tinidazol.
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