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Abstract

Background: Management of Helicobacter pylori (H. pylori) infection requires co‐
treatment with proton pump inhibitors (PPIs) and the use of antibiotics to achieve

successful eradication.

Aim: To evaluate the role of dosage of PPIs and the duration of therapy in the

effectiveness of H. pylori eradication treatments based on the ‘European Registry on

Helicobacter pylori management’ (Hp‐EuReg).
Methods: Hp‐EuReg is a multicentre, prospective, non‐interventionist, international
registry on the routine clinical practice of H. pylori management by European gas-

troenterologists. All infected adult patients were systematically registered from

2013 to 2022.
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Union programme EU4Health, Grant/Award

Number: 101101252; Diasorin Results: Overall, 36,579 patients from five countries with more than 1000 patients

were analysed. Optimal (≥90%) first‐line‐modified intention‐to‐treat effectiveness
was achieved with the following treatments: (1) 14‐day therapies with

clarithromycin‐amoxicillin‐bismuth and metronidazole‐tetracycline‐bismuth, both
independently of the PPI dose prescribed; (2) All 10‐day (except 10‐day standard
triple therapy) and 14‐day therapies with high‐dose PPIs; and (3) 10‐day quadruple
therapies with clarithromycin‐amoxicillin‐bismuth, metronidazole‐tetracycline‐
bismuth, and clarithromycin‐amoxicillin‐metronidazole (sequential), all with

standard‐dose PPIs. In first‐line treatment, optimal effectiveness was obtained with
high‐dose PPIs in all 14‐day treatments, in 10‐ and 14‐day bismuth quadruple

therapies and in 10‐day sequential with standard‐dose PPIs. Optimal second‐line
effectiveness was achieved with (1) metronidazole‐tetracycline‐bismuth quadruple
therapy for 14‐ and 10 days with standard and high‐dose PPIs, respectively; and (2)
levofloxacin‐amoxicillin triple therapy for 14 days with high‐dose PPIs. None of the
7‐day therapies in both treatment lines achieved optimal effectiveness.
Conclusions: We recommend, in first‐line treatment, the use of high‐dose PPIs in
14‐day triple therapy and in 10‐or 14‐day quadruple concomitant therapy in first‐
line treatment, while standard‐dose PPIs would be sufficient in 10‐day bismuth

quadruple therapies. On the other hand, in second‐line treatment, high‐dose PPIs
would be more beneficial in 14‐day triple therapy with levofloxacin and amoxicillin
or in 10‐day bismuth quadruple therapy either as a three‐in‐one single capsule or in
the traditional scheme.

K E YWORD S

amoxicillin, bismuth, clarithromycin, Helicobacter pylori, levofloxacin, metronidazole, proton
pump inhibitor, tetracycline, tinidazole, treatment

INTRODUCTION

Helicobacter pylori (H. pylori) is a gram‐negative bacterium that affects

billions of people worldwide.1 It is the leading cause of gastritis,

peptic ulcer disease and gastric cancer.2,3 However, even after more

than 30 years of experience, there is no unanimity on the treatment

of H. pylori infection.4–6

Proton pump inhibitors (PPIs) are essential in the eradication

treatment of H. pylori, enhancing the effectiveness of antibiotics. This

benefit, related to the increase in gastric pH, seems to be more

relevant with double daily doses than with single doses, as shown

with classic triple therapies containing amoxicillin and clarithromycin

or metronidazole.7,8 The influence of PPIs, on the other hand, is not

well established with currently recommended quadruple treatments,

either in first‐ or second‐ treatment lines.9–22

The ‘European Registry on Helicobacter pylori management’ (Hp‐
EuReg) brings together information on the real clinical practice in a

majority of European countries, including thousands of patients. The

Registry represents a good mapping overview of the current situation

regarding H. pylori management, allowing not only continuous

assessment of the integration of clinical recommendations agreed on

medical consensus but also of the possible strategies for

improvement.23

The objective of the present study was to obtain information

from the data of the Hp‐EuReg to optimise the dose of PPI in the

most commonly used eradication treatments in the routine clinical

practice. We analysed the role of PPI dosage in the effectiveness of

eradication treatments, stratifying the analysis by prescription

duration.

METHODS

This analysis focused on the ‘European Registry on H. pylori Man-

agement’ (Hp‐EuReg), an international (27 countries) multicentre

(300 investigators) prospective non‐interventionist registry that

started in 2013 and was promoted by the European Helicobacter and

Microbiota Study Group (www.helicobacter.org).

The study protocol conforms to the ethical guidelines of the

1975 Declaration of Helsinki as reflected in a prior approval by the

institution's human research committee. The study was classified by

the Spanish Agency for Medicines and Health Products, and
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prospectively registered in ClinicalTrials.gov (NCT02328131), and

was approved in 2012 by the Ethics Committee of the Hospital

Universitario de La Princesa (Madrid, Spain), which acted as the

reference Institutional Review Board.

Participants

Criteria for country selection, national coordinators, and gastroen-

terologist recruiting investigators are shown in the protocol publi-

cation.21 Main criteria for the eligible investigators were that they

had to be gastroenterologists managing patients infected with H.

pylori and a valid confirmatory testing method had to be available in

their centre.

Data were recorded in an Electronic Case Report Form (e‐CRF)
using the collaborative research platform REDCap hosted at ‘Aso-

ciación Española de Gastroenterología’ (AEG; www.aegastro.es), a

non‐profit Scientific and Medical Society focused on Gastroenter-

ology research.24 Data were anonymised. Written, informed consent

was obtained from all patients included in the study.

Data management

After extracting the data and prior to the statistical analysis, the

database was reviewed for inconsistencies and subsequent data

cleaning. The data quality review process evaluated whether the

study selection criteria had been met and whether data were

correctly collected, ensuring that the study was conducted according

to the highest scientific and ethical standards. Data discordances

were resolved by querying the investigators and through group

emailing.

Statistical analysis

Variables categorisation and definition

In order to compare the different dosage schedules prescribed with

the different types of PPIs (omeprazole, lansoprazole, pantoprazole,

rabeprazole, and esomeprazole) a priori collected from the Hp‐EuReg
dataset, it was decided to calculate the different PPI dosages by

standardising PPI potency, in terms of the duration of intragastric

pH > 4/24 h (pH4‐time) to rank PPIs, where relative potency varied
from 4.5 mg omeprazole equivalents (20 mg pantoprazole) to 72 mg

omeprazole equivalents (40 mg rabeprazole), as reported by Graham

et al.16 and Kirchheiner et al.17 As described by these authors, such

standardisation allows the interchangeable use of PPIs based on

relative potency, and so, following this method, the different PPIs

schedules and types were grouped into three categories: low dose, if

the potency of acid inhibition was between 4.5 and 27 mg omepra-

zole equivalents when given twice daily; standard dose, between 32

and 40 mg omeprazole equivalents when given twice daily; and high

dose, between 54 and 128 mg omeprazole equivalents when given

twice daily (Table S1).

Also, in order to synthetise the different treatment durations

encompassed in the Hp‐EuReg, the therapy length was categorised

into three levels, corresponding to the most frequent treatment du-

rations: 7, 10 and 14 days.

Adequate compliance with treatment was defined as having

taken at least 90% of the prescribed drugs.

The first‐line treatment was classified into six therapeutic

groups, which were established according to the most frequently

prescribed treatments: (1) Triple therapy with a PPI, clarithromycin,

amoxicillin or metronidazole, henceforth reported as PPI‐C þ A/M;

(2) Quadruple sequential therapy with a PPI, clarithromycin, amoxi-

cillin, metronidazole or tinidazole, henceforth reported as PPI‐
C þ A þ M/T; (3) Quadruple concomitant therapy with a PPI, clari-

thromycin, amoxicillin, metronidazole or tinidazole, henceforth re-

ported as PPI‐C þ A þ M/T; (4) Bismuth quadruple therapy with a

PPI, metronidazole or tinidazole, tetracycline, bismuth, henceforth

reported as PPI‐M/T þ Tc þ B, either as three‐in‐one single capsule
or in the traditional scheme; (5) Quadruple therapy with a PPI,

clarithromycin, amoxicillin and bismuth, henceforth reported as PPI‐
C þ A þ B; finally, (6) the ‘other’ group contained the dual and hybrid

therapies.

Key summary

Summarise the established knowledge on this subject

� Proton pump inhibitors (PPIs) are essential in the eradi-

cation treatment of Helicobacter pylori (H. pylori),

enhancing the effectiveness of antibiotics.

� There is currently no unanimity regarding the dose of

PPIs for H. pylori eradication.

What are the significant and/or new findings of this study

� None of the 7‐day therapies achieved optimal

effectiveness.

� In first‐line treatment ≥90% effectiveness is obtained

with high‐dose PPIs in all 14‐day treatments, in 10‐ and
14‐day bismuth quadruple therapies and in 10‐day
sequential with standard‐dose PPIs.

� In second‐line treatment, the highest effectiveness is

obtained with 14‐day triple therapy with levofloxacin

and with bismuth quadruple therapy with high‐dose PPIs.
� There is evidence of differences in the management of H.

Pylori among countries in the European continent.

� Bismuth quadruple therapy with PPIs, metronidazole or

tinidazole, tetracycline, bismuth, henceforth referred to

as PPI‐M/T þ Tc þ B, is used mainly in Spain and Italy,

with only testimonial use in Russia, Lithuania and

Slovenia.
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Likewise, the second‐line treatment was classified into five

therapeutic groups, which were established according to the most

frequently prescribed treatments: (1) Triple therapy with a PPI, lev-

ofloxacin and amoxicillin, henceforth reported as PPI‐L þ A; (2)

Quadruple sequential and concomitant unified therapies with a PPI,

clarithromycin, amoxicillin and metronidazole or tinidazole, hence-

forth reported as PPI ‐C þ A þ M/T; (3) Bismuth quadruple therapy

with a PPI, metronidazole or tinidazole, tetracycline, bismuth,

henceforth reported as PPI‐M/T þ Tc þ B, either as three‐in‐one
single capsule or in the traditional scheme; (4) Quadruple therapy

with PPIs, levofloxacin, amoxicillin and bismuth, henceforth reported

as PPI‐L þ A þ B; finally, (5) the ‘other’ group contained the dual and

hybrid therapies.

Continuous variables are presented as the arithmetic mean and

the respective standard deviation (SD). Qualitative variables were

presented as percentages and absolute frequencies, and 95% confi-

dence intervals (CI) were provided. The significance level was

established at a p‐value p < 0.05.

Data analysis

Univariate sub‐analyses were performed according to the treatment
duration (7, 10 and 14 days), PPI doses (low, standard, high) and line

of treatment. Differences between groups were analysed using the

Chi‐square test.
The analysis was also stratified geographically, by country,

assessing the effect of the different PPI doses (low, standard or high)

used in therapy. Only those countries with more than 1000 patients

included, were analysed.

Additionally, the trends in prescriptions according to the PPI

dosage were also studied, as well as the treatment effectiveness

patterns.

The effectiveness analysis was performed in three sets of pa-

tients: (1) the intention‐to‐treat (ITT) analysis, including all patients
who had been registered up to February 2022 to allow at least a 6‐
month follow‐up, and where lost to follow‐up cases were considered
treatment failures; (2) the per‐protocol (PP) analysis, including all

cases that had completed follow‐up, that is those cases with a result
(either success or failure) of the confirmatory test after the eradi-

cation treatment, and that had taken at least 90% of the treatment

drugs (that is, those compliant with treatment); and (3) the modified

ITT (mITT) analysis, including all cases that had completed follow up,

regardless of compliance (that is, both compliant and non‐compliant
patients were accounted).

In the current study, the mITT analysis was reported within the

text of the manuscript as representing the closest effectiveness

analysis to that obtained in real clinical practice. The remaining an-

alyses (ITT and PP) were also reported within the summary tables.

The effectiveness of the most common first‐ and second‐line
treatments was also analysed according to PPI doses and the

different therapy durations, using the categories described above.

Multivariate analysis was performed using a logistic regression

model by the stepwise likelihood method. The eradication rate in the

mITT population was set as the dependent variable, and the inde-

pendent variables were the following: gender (female [reference

category] vs. male), treatment duration (7 [reference category] vs. 10

or 14 days), dose of PPI (low [reference category], vs. standard or

high), compliance (yes: ≥90% of drug intake [reference category] vs.

no: <90%), and country of origin (Spain [reference category], Russia,
Italy, Slovenia and Lithuania), and the prescribed first‐ or second‐line
eradication treatment separately, using the categories previously

described above.

The odds ratio (OR) and 95% CI for eradication in each variable

were calculated relative to a reference category; therefore, the OR

was considered treatment success within each independent variable

studied when associated to a higher modified intention‐to‐treat
(mITT) rate, at a p‐value of <0.05.

RESULTS

Baseline characteristics

In total, 45,778 cases from 27 countries were registered, and a final

dataset including those countries recruiting more than 1000 patients

was analysed. The highest recruiters were Spain (18,513 cases,

50.6%), Russia (7476 cases, 20.4%), Italy (4652 cases, 12.7%),

Slovenia (3726 cases, 10.2%) and Lithuania (2212 cases, 6.0%). In

total, 36,579 patients were analysed encompassing these five coun-

tries, and representing 80% of the total cases registered in the Hp‐
EuReg (Figure 1).

The mean (SD) age of patients was 50 (�15) years, 61% were

female, 1.2% of cases were allergic to penicillin, and dyspepsia was

the indication for eradication in 84% of cases. Adequate compliance

with treatment was reported in 89% of patients.

Table 1 presents the overall demographic characteristics and the

first‐ and second‐line treatment differences by geographic area.

Regarding the duration of treatment, 91% of patients were pre-

scribed with 10‐ or 14‐day regimens. In 26% and 35% of cases,

standard‐ or high‐dose PPIs were used. Significant statistical differ-
ences (p < 0.0001) were observed in both the PPI dosage and the

duration of treatment when comparing the data by country.

Spain and Lithuania were the countries with the most homoge-

neous distribution of PPI doses. Low‐, standard‐, or high‐dose PPIs
were used in 38%, 24% and 38% of cases in Spain, and in 37%, 31%

and 32% of cases in Lithuania. In Russia, 89% of cases used low‐ or
standard‐doses PPIs. In Italy, 98% of cases used low‐ or high‐dose
PPIs, and in Slovenia, 98% of cases also used low‐ or high‐dose PPIs.

In first‐line treatments, low‐, standard‐, or high‐dose PPIs were
used in 25%, 15% and 60% of cases in the 14‐day quadruple

concomitant therapy, and in 58%, 23% and 19% of cases in the 10‐
day quadruple concomitant therapy. Low‐, standard‐, or high‐dose
PPIs were used in 42%, 23% and 35% of cases in the 10‐day bis-

muth quadruple therapy (PPI‐M/T þ Tc þ B), either as a three‐in‐one
single capsule or in the traditional scheme (Table 2).
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In second‐line treatments, low‐, standard‐, or high‐dose PPIs

were used in 39%, 21% and 39% of cases in the 10‐ and 14 day triple
therapy (PPI‐L þ A) and in 45%, 18% and 37% of cases in the 10‐day
bismuth quadruple therapy (PPI‐M/T þ Tc þ B), either as three‐in‐
one single capsule or in the traditional scheme (Table 3).

Treatment prescriptions

As for the first‐line treatments triple therapy PPI‐C þ A/M was the

most commonly used (36%), followed by quadruple concomitant

therapy PPI‐C þ A þM/T (20%) and bismuth quadruple therapy PPI‐

F I GUR E 1 Study flow chart. ITT, intention to treat; mITT, modified intention to treat; PP, per protocol.
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TAB L E 1 Baseline characteristics of Helicobacter pylori (H. pylori) infected patients by country.

Variable Overall Spain Russia Italy Slovenia Lithuania

Number of patients 36,579 18,513 7476 4652 3726 2212

Female, N (%) 22,626 (61.9) 11,428 (61.8) 4696 (62.9) 2968 (63.8) 2244 (60.2) 1290 (58.3)

Age, mean (SD) 49.9 (15.0) 50.2 (14.8) 46.6 (14.9) 51.8 (14.9) 52.7 (14.8) 50.2 (15.5)

Penicillin allergy, N (%) 1256 (3.4) 873 (4.7) 123 (1.2) 68 (1.5) 166 (4.5) 26 (1.2)

Indication*

Dyspepsia 30,802 (84.3) 15,611 (84.4) 5704 (76.4) 4452 (96.0) 3252 (87.4) 1785 (80.7)

Ulcer disease 5727 (15.7) 2886 (15.6) 1760 (23.6) 187 (4.0) 467 (12.6) 427 (19.3)

Treatment length, N (%)*

7 days 3138 (8.8) 201 (1.1) 368 (5.1) 101 (2.5) 1717 (47.4) 707 (32.5)

10 days 19,079 (53.5) 11,347 (61.6) 2893 (39.7) 3684 (90.4) 247 (6.7) 908 (41.7)

14 days 13,456 (37.7) 6880 (37.3) 4021 (55.2) 289 (7.1) 1705 (45.9) 501 (25.8)

PPI dose, N (%)*

Low 13,941 (39.0) 6968 (38.1) 2479 (34.1) 2202 (51.6) 1481 (40.1) 811 (37.1)

Standard 9221 (25.8) 4381 (23.9) 3996 (55.0) 85 (2.0) 91 (2.5) 668 (30.5)

High 12,562 (35.2) 6957 (38.0) 796 (10.9) 1977 (46.4) 2123 (57.5) 709 (32.4)

PPIs used*

Omeprazole 12, 976 (36.1) 9889 (53.8) 1787 (24.4) 353 (8.2) 77 (2.1) 871 (39.5)

Lansoprazole 821 (2.3) 170 (0.9) 90 (1.2) 73 (1.7) 475 (12.8) 13 (0.6)

Pantoprazole 5195 (14.4) 1016 (5.5) 1163 (15.8 1830 (42.3) 951 (25.6) 235 (10.7)

Esomeprazole 13,880 (38.6) 7172 (39.0) 1663 (22.7) 2012 (46.5) 2207 (59.4) 826 (37.5)

Rabeprazole 3012 (8.3) 101 (0.6) 2608 (35.5) 56 (1.3) 1 (0.01) 246 (11.2)

Other coadjuvant 42 (0.11) 9 (0.01) 24 (0.3) 2 (0.01) 2 (0.01) 5 (0.4)

Compliance, N (%)*

No (<90% drug intake) 1185 (3.2) 535 (2.9) 195 (2.6) 353 (7.6) 90 (2.4) 12 (0.5)

Yes (≥90% drug intake) 32,401 (88.6) 17,451 (94.3) 7221 (96.6) 4078 (87.7) 2953 (79.3) 698 (31.6)

Unknown 2993 (8.2) 527 (2.8) 60 (0.8) 221 (4.8) 683 (18.3) 1502 (67.9)

Most frequent first‐line treatments, N (%)*

PPI‐C þ A/M 10,402 (35.5) 3277 (25.6) 2473 (39.7) 145 (4.9) 2945 (96.8) 1562 (92.2)

SEQ PPI‐C þ A þ M/T 1971 (6.7) 234 (1.8) 22 (0.4) 1684 (57.4) 29 (1.0) 2 (0.1)

CONC PPI‐C þ A þ M/T 5965 (20.4) 4951 (37.1) 92 (1.5) 301 (10.3) 19 (0.6) 1 (0.1)

PPI‐M/T þ Tc þ B 5364 (18.3) 3263 (25.5) 28 (0.5) 650 (22.2) 0 (0.0) 1 (0.1)

PPI‐C þ A þ B 3027 (10.3) 1163 (8.7) 1800 (28.9) 0 (0.0) 0 (0.0) 64 (3.7)

Other 2537 (8.7) 455 (3.4) 1815 (29.1) 154 (5.2) 49 (1.6) 64 (3.7)

Most frequent second‐line treatments, N (%)*

PPI‐L þ A 1580 (33.4) 983 (31.8) 51 (10.5) 202 (36.3) 229 (66.8) 115 (44.6)

PPI‐C þ A þ M/T 354 (7.5) 240 (7.7) 4 (0.8) 101 (18.2) 6 (1.7) 3 (1.2)

PPI‐M/T þ Tc þ B 1179 (24.9) 832 (27.0) 125 (25.6) 199 (35.8) 23 (6.7) 0 (0.0)

PPI‐L þ A þ B 657 (13.9) 539 (17.4) 43 (8.8) 0 (4.0) 10 (2.9) 65 (25.2)

Others 966 (20.4) 497 (16.1) 265 (54.3) 54 (9.7) 75 (21.9) 75 (29.1)

(Continues)
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T A B L E 1 (Continued)

Variable Overall Spain Russia Italy Slovenia Lithuania

First‐line of treatment with doses of PPI, N (%)*

Low 11,450 (34.1) 5533 (39.9) 2236 (34.3) 1586 (51.2) 1365 (42.0) 730 (39.5)

Standard 7491 (22.3) 3452 (24.9) 3361 (55.3) 43 (1.4) 82 (2.5) 553 (30.0)

High 9413 (28.0) 4899 (35.3) 679 (10.4) 1466 (47.4) 1806 (55.5) 563 (30.5)

Second‐line of treatment with doses of PPI, N (%)*

Low 861 (2.6) 1057 (33.1) 226 (32.8) 358 (50.4) 98 (27.8) 74 (25.3)

Standard 1136 (3.4) 657 (20.6) 353 (51.2) 24 (3.4) 5 (1.4) 97 (33.2)

High 2292 (6.8) 1483 (46.4) 110 (16.0) 329 (46.3) 249 (70.7) 121 (41.4)

Note: Low dose PPI: 4.5–27 mg omeprazole equivalents, two times per day (i.e., 20 mg omeprazole equivalents, two times per day), standard dose PPI:

32–40 mg omeprazole equivalents, two times per day (i.e., 40 mg omeprazole equivalents, two times per day), high dose PPI: 54–128 mg omeprazole

equivalents, two times per day (i.e., 80 mg omeprazole equivalents, two times per day). The treatments labelled as ‘other’ correspond to dual and hybrid

therapy.

Abbreviations: A, amoxicillin; B, bismuth salts; C, clarithromycin; Conc, concomitant; L, levofloxacin; M, metronidazole; N, sample size; PPI, proton pump
inhibitor; PPI‐M/T þ Tc þ B, prescribed either in the classical form or as three‐in‐one single capsule, marketed as Pylera®; Seq, sequential; T, tinidazole;
Tc, tetracycline hydrochloride.

*Significant differences were observed in all the study variables with a p‐value of ≤0.0001.

TAB L E 2 Effectiveness of first‐line treatment according to the proton pump inhibitor dose and therapy length.

mITT PP

Duration of treatment Low Standard High Low Standard High

7 days (10.3%**) PPIC‐C þ A/M Success (n) 1273 112 295 1270 112 295

Overall (N) 1549 143 338 1542 142 337

Eradication rate % 82.2 78.3 87.3 82.4 78.8 87.5

p‐value/effect size 0.028/0.059* 0.029/0.059*

CONC PPI‐C þ A þ M/T Success (n) 6 14 1 6 13 1

Overall (N) 7 16 1 7 14 1

Eradication rate % 85.7 87.5 100 85.7 92.9 100

p‐value/effect size 0.922/0.082 0.822/0.134

PPI‐C þ A þ B Success (n) 9 6 ‐‐‐ 9 6 ‐‐‐

Overall (N) 13 7 ‐‐‐ 13 6 ‐‐‐

Eradication rate % 69.2 85.7 ‐‐‐ 69.2 100 ‐‐‐

p‐value/effect size 0.417/0.182 0.126/0.351

PPI‐M/T þ Tc þ B Success (n) 4 2 ‐‐‐ 4 2 ‐‐‐

Overall (N) 6 2 ‐‐‐ 5 2 ‐‐‐

Eradication rate % 66.7 100 ‐‐‐ 80.0 100 ‐‐‐

p‐value/effect size 0.346/0.333 0.495/0.258

10 days (51.5%**) PPI‐C þ A/M Success (n) 1277 1088 417 1274 1077 411

Overall (N) 1634 1261 466 1613 1245 457

Eradication rate % 78.2 86.3 89.5 79.0 86.5 89.9

p‐value/effect size ≤0.0001/0.122* ≤0.0001/0.117*

SEQ PPI‐C þ A þ M/T Success (n) 981 48 603 962 48 598

Overall (N) 1112 51 647 1081 51 635

Eradication rate % 88.2 94.1 93.2 89.0 94.1 94.2

p‐value/effect size 0.002/0.083* ≤0.001/0.088*
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M/T þ Tc þ B, either as a three‐in‐one single capsule or in the

traditional scheme (18%). In the 7‐day treatments, PPI doses were
low in 77%, standard in 8%, and high in 15%. In the 10‐day treat-
ments, PPI doses were low in 50%, standard in 25%, and high in 25%.

In the 14‐day treatments, PPI doses were low in 18%, standard in

28%, and high in 53% of cases (Table 2).

In second‐line treatments, triple therapy PPI‐L þ A was the most

used therapy (33%) followed by bismuth quadruple therapy PPI þM/

T þ Tc þ B, either as a three‐in‐one‐single capsule or in the tradi-

tional scheme (25%) or dual and hybrid therapies (20%). In the 7‐day
treatments, PPI doses were low in 57%, standard in 13%, and high in

30%. In the 10‐day treatments, PPI doses were low in 48%, standard

T A B L E 2 (Continued)

mITT PP

Duration of treatment Low Standard High Low Standard High

CONC PPI‐C þ A þ M/T Success (n) 1262 507 440 1230 502 434

Overall (N) 1437 580 476 1390 569 466

Eradication rate % 87.8 87.4 92.4 88.5 88.2 93.1

p‐value/effect size 0.013/0.059* 0.012/0.060*

PPI‐C þ A þ B Success (n) 200 213 93 200 211 93

Overall (N) 233 235 101 229 233 100

Eradication rate % 85.8 90.6 93.0 87.3 90.6 93.0

p‐value/effect size 0.137/0.084 0.254/0.070

PPI‐M/T þ Tc þ B Success (n) 1533 865 1300 1511 857 1288

Overall (N) 1683 917 1371 1645 904 1346

Eradication rate % 91.1 94.3 94.8 91.9 94.8 95.7

p‐value/effect size ≤0.0001/0.269* ≤0.0001/0.273*

14 days (36.8%**) PPI‐C þ A/M Success (n) 426 758 1273 349 392 99

Overall (N) 528 850 1391 442 421 108

Eradication rate % 80.7 89.2 91.5 78.9 93.1 91.7

p‐value/effect size ≤0.0001/0.128* ≤0.0001/0.133*

CONC PPI‐C þ A þ M/T Success (n) 597 385 1573 581 381 1544

Overall (N) 702 429 1685 679 422 1648

Eradication rate % 85.0 89.7 93.4 85.6 90.3 93.7

p‐value/effect size ≤0.0001/0.121* ≤0.0001/0.120*

PPI‐C þ A þ B Success (n) 165 797 969 163 791 958

Overall (N) 180 859 1067 178 847 1053

Eradication rate % 91.6 92.8 90.8 91.6 93.4 90.1

p‐value/effect size 0.299/0.034 0.153/0.043

PPI‐M/T þ Tc þ B Success (n) 18 55 11 18 55 11

Overall (N) 20 59 12 20 59 11

Eradication rate % 90.0 93.2 91.6 90.0 93.2 100

p‐value/effect size 0.893/0.050 0.564/0.113

Note: Low dose PPI: 4.5–27 mg omeprazole equivalents, two times per day (i.e., 20 mg omeprazole equivalents, two times per day), standard dose PPI:

32–40 mg omeprazole equivalents, two times per day (i.e., 40 mg omeprazole equivalents, two times per day), high dose PPI: 54–128 mg omeprazole

equivalents, two times per day (i.e., 80 mg omeprazole equivalents, two times per day).

Abbreviations: A, amoxicillin; B, bismuth salts; C, clarithromycin; Conc, concomitant; M, metronidazole; PPI‐M/T þ Tc þ B, prescribed either in the

classical form or as three‐in‐one single capsule, marketed as Pylera®; Seq, sequential; T, tinidazole; Tc, tetracycline hydrochloride; V, cramer's v (effect
size).

*The p‐value of those statistically significant (≤0.0001) comparisons is marked in bold.
**Percentage of total first‐line prescriptions by duration of treatment.
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TAB L E 3 Effectiveness of second‐line treatment according to the proton pump inhibitor dose and therapy length.

mITT PP

Duration of treatment Low Standard High Low Standard High

7 days (2.5%**) PPI‐A þ L Success (n) 8 1 4 8 1 4

Overall (N) 9 2 6 9 2 6

Eradication rate % 88.9 50.0 66.7 88.9 50.0 66.7

p‐value/effect size 0.392/0.332 0.392/0.332

PPI‐M/T þ Tc þ B Success (n) 3 0 0 3 0 0

Overall (N) 4 1 1 4 1 1

Eradication rate % 75.0 0.0 0.0 75.0 0.0 0.0

p‐value/effect size 0.233/0.707 0.233/0.707

10 days (54.9%**) PPI‐A þ L v 366 199 178 363 197 177

Overall (N) 497 256 213 491 250 212

Eradication rate % 84.4 77.7 83.6 73.9 78.8 83.5

p‐value/effect size 0.015/0.093* 0.017/0.092*

PPI‐C þ A þ M/T Success (n) 58 15 54 57 15 53

Overall (N) 79 18 69 78 18 68

Eradication rate % 73.4 83.3 78.3 73.1 83.3 77.9

p‐value/effect size 0.605/0.078 0.586/0.080

PPI‐L þ A þ B Success (n) 12 7 3 12 7 3

Overall (N) 14 9 3 14 9 3

Eradication rate % 85.7 77.8 100 85.7 77.8 100

p‐value/effect size 0.643/0.184 0.643/0.184

PPI‐M/T þ Tc þ B Success (n) 404 169 357 398 166 352

Overall (N) 467 191 387 453 187 382

Eradication rate % 86.5 88.5 92.2 87.9 88.8 92.1

p‐value/effect size 0.028/0.083* 0.118/0.065

14 days (38.1%**) PPI‐A þ L Success (n) 45 35 318 45 35 316

Overall (N) 57 43 341 55 43 338

Eradication rate % 78.9 81.4 93.3 81.8 81.4 93.5

p‐value/effect size ≤0.0001/0.188* 0.002/0.172*

PPI‐C þ A þ M/T Success (n) 36 46 73 35 45 71

Overall (N) 54 51 83 52 49 81

Eradication rate % 66.7 90.2 88.0 67.3 91.8 87.7

p‐value/effect size ≤0.0001/0.264* ≤0.0001/0.267*

PPI‐L þ A þ B Success (n) 36 43 416 36 42 404

Overall (N) 50 49 462 50 48 446

Eradication rate % 72.0 87.8 82.4 72.0 87.5 90.6

p‐value/effect size ≤0.0001/0.159* ≤0.0001/0.168*

PPI‐M/T þ Tc þ B Success (n) 14 43 33 13 41 33

Overall (N) 19 45 34 18 43 34

Eradication rate % 73.7 95.6 97.1 72.2 95.3 97.1

p‐value/effect size 0.005/0.326* 0.004/0.338*

Note: Low dose PPI: 4.5–27 mg omeprazole equivalents, two times per day (i.e., 20 mg omeprazole equivalents, two times per day), standard dose PPI:

32–40 mg omeprazole equivalents, two times per day (i.e., 40 mg omeprazole equivalents, two times per day), high dose PPI: 54–128 mg omeprazole

equivalents, two times per day (i.e., 80 mg omeprazole equivalents, two times per day).

Abbreviations: A, amoxicillin; B, bismuth salts; C, clarithromycin; Conc, concomitant; M, metronidazole; PPI‐M/T þ Tc þ B, prescribed either in the

classical form or as three‐in‐one single capsule, marketed as Pylera®; Seq, sequential; T, tinidazole; Tc, tetracycline hydrochloride; V, cramer's v (effect
size).

*The p‐value of those statistically significant (≤0.0001) comparisons is marked in bold.
**Percentage of total second‐line prescriptions by duration of treatment.
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in 22%, and high in 30%. In the 14‐day treatments, PPI doses were
low in 14%, standard in 14%, and high in 72% of cases (Table 3).

Effectiveness in first‐line treatment

Optimal first‐line effectiveness (~90%) was achieved with the

following treatments: Quadruple therapy PPI‐C þ A þ B and bismuth

quadruple therapy PPI‐M/T þ Tc þ B for 14 days, irrespective of the

PPI dose used; in all 10‐ or 14‐day treatments combined with high‐
dose PPI (except with standard 10‐day triple therapy PPI‐
C þ A þ M/T); in 10‐day quadruple sequential therapy, PPI‐
C þ A þ M/T, quadruple PPI‐C þ A þ B and bismuth quadruple

therapy PPI‐M/T þ Tc þ B, either as three‐in‐one‐single capsule or in
the traditional scheme, with standard‐dose PPI. None of the 7‐day
therapies achieved optimal cure rates (>90%) regardless of the PPI
dose used (Table 2).

In 7‐day regimens, no significant differences with PPI doses were
observed, except with triple therapy PPI‐C þ A/M showing greater

effectiveness (87%) when combined with high‐dose PPI. An increase
in the eradication rate with high‐dose PPI and 10‐day treatments

was observed in triple therapy PPI‐C þ A/M (89%) and quadruple

concomitant therapy C þ A þM/T (92%). In PPI‐C þ A þ B and PPI‐
M/T þ Tc þ B quadruple therapies, no advantage was shown with the

use of higher acid inhibition. Similarly, with 14‐day regimens, an

improvement in effectiveness was observed with high‐dose PPI in all
treatments except with PPI‐C þ A þ B and PPI‐M/T þ Tc þ B

quadruple therapies.

In summary, the PPI dose was significantly associated with an

increase in effectiveness in 7‐day triple therapy with PPI‐C þ A/M

(87%), in 10‐ and 14‐day quadruple concomitant therapy, PPI‐
C þ A þ M/T (92% and 93%, respectively), in 10‐day quadruple

sequential therapy, PPI‐C þ A þ M/T (94%) and in 10‐day bismuth
quadruple therapy, PPI‐M/T þ Tc þ B, either as three‐in‐one‐single
capsule or in the traditional scheme (95%) (Table 2).

First‐line effectiveness by geographic area

In Spain, a higher eradication rate was observed in 14‐day regimens
such as triple therapy, PPI‐C þ A/M, prescribed with high‐dose PPI
(91%), in quadruple therapy, C þ A þ B, with either standard‐ (94%)
or high‐dose PPI (91%) and in quadruple concomitant therapy, PPI‐
C þ A þM/T (93%), with high‐dose PPI. Those treatments lasting 10‐
day provided high cure rates when the quadruple concomitant

therapy, PPI‐C þ A þM/T, was prescribed with high‐dose PPI (92%),
in quadruple sequential therapy with standard‐dose PPI (92%) and in
bismuth quadruple therapy, PPI‐M/T þ Tc þ B, either as three‐in‐one
single capsule or in the traditional scheme, with standard‐ (94%) or
high‐dose PPI (95%).

In Russia, a higher eradication rate was observed in 14 ‐day
treatments with high‐dose PPI in triple therapy, PPI‐CþA/M (98%), in

bismuthquadruple therapy, PPI‐M/TþTcþB,with standard‐dosePPI,

PPI‐M/TþTcþB (93%), and in quadruple therapy, PPI‐CþAþB,with
either low‐ (92%), standard‐ (92%) and high‐dose PPI (91%). In 10‐day
treatmentswasobserved in triple therapywithhigh‐dosePPI, CþA/M
(91%), in quadruple therapy, CþAþB, with standard‐ (91%) and high‐
dose (94%) PPI, and in quadruple therapy with bismuth, PPI‐M/

T þ Tc þ B, either as three‐in‐one single capsule or in the traditional
scheme, with low‐ (93%) or standard‐dose (100%) PPI.

In Italy, a higher eradication rate was observed in 14‐day
treatment with high‐dose PPI in quadruple concomitant therapy,

PPI‐C þ A þ M/T (96%), and in 10‐day treatments with standard‐
dose PPI (100%) in quadruple sequential therapy PPI‐,C þ A þ M/

T, and with high‐dose PPI (94%) in bismuth quadruple therapy, PPI‐
M/T þ Tc þ B, either as three‐in‐one single capsule or in the tradi-
tional scheme, with low‐ (96%) or high‐dose (95%) PPI.

In Slovenia, a higher eradication rate was observed in 14‐day
treatment with low‐ (100%) and high‐dose (91%) PPI in triple ther-

apy, PPI‐C þ A/M, and in 10‐day treatment with standard‐dose PPI
in quadruple sequential therapy,PPI‐C þ A þ M/T (100%), and in 7‐
day treatment with standard‐dose PPI in quadruple concomitant

therapy,PPI‐C þ A þ M/T (100%).

In Lithuania, a higher eradication rate was observed in triple

therapy,PPI‐C þ A þ M, with standard‐dose PPI in 7‐ (91%) and 10‐
day (96%) treatments, and with low‐ (93%), standard‐ (100%) and
high‐dose PPI (92%) in 14‐day treatment.

Details about the effectiveness of first‐line treatment in relation
to the PPI dose and the treatment duration by geographic area are

reported in Supplementary Material S1 (Table S4).

Effectiveness in second‐line treatment

Optimal second‐line effectiveness (~90%) was achieved with the

following treatments: Bismuth quadruple therapy, PPI‐M/T þ Tc þ B

for 10 days, either as three‐in‐one single capsule or in the traditional
scheme or only when combined with high‐dose PPI (92%); in 14‐day
treatments with triple therapy PPI‐L þ A with high‐dose PPI (93%)
and with bismuth quadruple therapy, PPI‐M/T/þTc þ B with stan-

dard‐ (96%) and high‐dose PPI (97%), either as three‐in‐one single

capsule or in the traditional scheme. None of the 7‐day therapies

achieved optimal cure rates regardless of the dose of PPI used.

No significant differences were observed in any of the 7‐day
treatments' schemes effectiveness regardless of the PPI dose pre-

scribed. In 10‐ and 14‐day regimens, a higher eradication rate was

observed with high‐dose PPI in the triple therapy, L þ A (84% and

93%) and in the bismuth quadruple therapy, PPI‐M/T þ Tc þ B (92%

and 97%), either as a three‐in‐one single capsule or in the traditional
scheme (Table 3).

Second‐line effectiveness by geographic area

In Spain, a higher eradication rate was observed during 14‐day
treatment in triple therapy, PPI‐L þ A, and high‐dose PPI (97%)
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and in quadruple therapies with standard‐and high‐dose PPI:PPI‐
C þ A þM/T (90% and 88%),PPI‐L þ A þ B (88% and 90%) and PPI‐
M/T þ Tc þ B (100%). The highest eradication rate during 10‐day
treatments was observed with bismuth quadruple therapy,PPI‐M/

T þ Tc þ B (91%) either as a three‐in‐one single capsule or in the

traditional scheme, or standard‐ or high‐dose PPI.
In Russia, the eradication rate was higher in triple therapy, PPI‐

L þ A (93%) and quadruple therapy, PPI‐L þ A þ B (100%) during 10‐
day‐treatment and high‐dose PPI. The highest eradication rate during
14‐day treatments was observed in triple therapy, PPI‐L þ A (100%),

irrespective of the PPI dose used, and in bismuth quadruple therapy,

PPI‐M/T þ Tc þ B, and standard‐ (95%) or high‐dose PPIs (94%),

either as three‐in‐one single capsule or in the traditional scheme.
In Italy, a high eradication rate was observed in triple therapy,

L þ A, during 10‐day treatment with standard‐dose PPI (90%) and
with 10‐day bismuth quadruple therapy, PPI‐M/T þ Tc þ B, com-

bined with low‐ (93%) or high‐dose (95%) PPIs, either as a three‐in‐
one single capsule or in the traditional scheme.

In Slovenia, optimal eradication rates were observed with high‐
dose PPI in triple therapy, PPI‐L þ A, during 10‐ and 14‐day treat-
ments (100% and 89%), and in bismuth quadruple therapy, PPI‐M/

T þ TC þ B, either as a three‐in‐one single capsule or in the tradi-

tional scheme, during 10‐day treatment with high‐dose PPI (100%).
In Lithuania, a higher eradication rate was observed with triple

therapy,PPI‐L þ A, and low‐ (100%) and standard‐ dose (93%) PPIs
and with quadruple therapy, PPI‐L þ A þ B, irrespective of the PPI

dose used (100%).

Details on the effectiveness of second‐line treatment in relation
to the PPI dose and the treatment duration by geographic area are

reported in Supplementary Material S1 (Table S5).

Multivariate analysis

Final model

Results of the multivariate logistic regression analysis showed that in

first‐line treatment, the use of bismuth quadruple therapy, PPI‐M/

T þ Tc þ B, and quadruple sequential therapy, PPI‐C þ A þM/T (OR

2.06; 95% CI 1.82–2.32; and OR 1.71; 95% CI: 1.45–2.02), the use of

standard‐ (OR 1.66; 95% CI 1.51–1.82) or high‐dose PPI (OR 1.71;

95% CI 1.63–1.95), and adequate compliance (OR 6.20; 95% CI 5.20–

7.40) were reported as significant independent predictors of eradi-

cation success. The model had an adequate goodness‐of‐fit (Hosmer‐
Lemeshow test: 0.203) and a Nagelkerke's R2 of 6.5% (Table 4).

In second‐line treatment, the use of bismuth quadruple therapy,
PPI‐M/T þ Tc þ B, and quadruple therapy, PPI‐C þ A þ M/T (OR

1.85; 95% CI: 1.65–2.03 and OR 1.56; 95% CI: 1.12–1.52), the use of

standard‐ (OR 1.60; 95% CI 1.45–1.74) or high‐dose PPI (OR 1.82;

95% CI 1.66–1.99) and adequate compliance (OR 6.02; 95% CI 5.04–

7.18) were reported as significant independent predictors of eradi-

cation success. The model had an adequate goodness of fit (Hosmer‐
Lemeshow test: 0.350) and a Nagelkerke's R2 of 5.5% (Table 4).

First‐line treatment

Results of the multivariate logistic regression analysis (dependent

variable mITT) showed that the effectiveness of the following first‐
line treatments had a statistically significant association with high‐
dose PPI versus standard‐dose PPI: Quadruple sequential therapy,

PPI‐C þ A þ M/T (OR 1.71; 95% CI 1.45–2.02); quadruple concom-

itant therapy (OR 1.40; 95% CI 1.26–1.57); bismuth quadruple

therapy, either as single capsule or in its traditional scheme, PPI‐M/

Tþ Tc þ B (OR 2.06; 95% CI 1.82–2.32) and PPI‐Cþ A þ B (OR 1.40;
95% CI 1.20–1.62).

Results of the analysis of the first‐line treatments are presented
in detail in Supplementary File S2, and Tables S6A and S6B. In this

analysis, the variable country was added to evaluate the model with

respect to geographical area.

Second‐line treatment

Results of the multivariate logistic regression analysis (dependent

variable mITT) showed that the effectiveness of the following

second‐line treatments had a statistically significant association with
high‐dose PPI versus standard‐dose PPI: Quadruple therapy, PPI‐
C þ A þ M/T (OR 2.02,95% CI 1.82–2.66); bismuth quadruple

therapy, either as single‐capsule or in its traditional scheme, PPI‐M/

T þ Tc þ B (OR 1.64; 95% CI 1.31–2.05). Non‐significant treatments
(PPI‐L þ A þ B) are removed from the final model.

Results of the analysis of the second‐line treatments are pre-

sented in detail in Supplementary File S3, and Tables S7A and S7B. In

this analysis, the variable country was added to evaluate the model

with respect to geographical area.

DISCUSSION

The appropriateness of including a PPI in H. pylori eradication

treatments is undisputed. In the most influential consensus docu-

ments such as Maastricht, Toronto or the American College of

Gastroenterology, PPIs have been included in all recommended

eradication treatments.2,5,6,9,25

The benefit of PPI treatment was initially confirmed in the

MACH 2 study when it was observed that the combination of

omeprazole either with amoxicillin and clarithromycin or with

metronidazole and clarithromycin resulted in a much higher eradi-

cation rate than when antibiotics were used alone.26 Several clinical

studies published between 1993 and 1996 reported a high eradica-

tion rate with triple therapies including a PPI, clarithromycin,

amoxicillin or metronidazole/tinidazole, the most widely used eradi-

cation treatments initially.9,27–29

In the first Maastricht Consensus document (1997),5 triple

therapy with a PPI, twice daily, at standard doses (omeprazole 20 mg,

lansoprazole 30 mg or pantoprazole 40 mg) associated with two

antibiotics (amoxicillin, clarithromycin or a nitroimidazole) was
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TAB L E 4 Multivariate logistic regression: Final model.

Independent variables Odds ratio

95% confidence interval

p‐valueLower Upper

First line (ref. PPI‐C þ A/M)

PPI‐C þ A/M 1 <0.001

SEQ PPI‐C þ A þ M/T 1.718 1.456 2.027 <0.001

CONC PPI‐C þ A þ M/T 1.408 1.261 1.572 <0.001

PPI‐M/T þ TC þ B 2.063 1.829 2.327 <0.001

PPI‐C þ A þ B 1.395 1.202 1.620 <0.001

Others 0.804 0.729 0.887 <0.001

Sex (ref. female)

Male 1.177 1.095 1.266 <0.001

PPI dose (ref. low dose PPI)

Low 1 <0.001

Standard 1.663 1.517 1.821 <0.001

High 1.791 1.639 1.958 <0.001

Length (ref. 7 days)

7 days 1 <0.001

10 days 1.047 0.920 1.192 0.033

14 days 1.286 1.119 1.479 <0.001

Compliance (ref. no <90% drug intake)

Yes (≥90% drug intake) 6.204 5.198 7.405 <0.001

Second‐line (ref. PPI‐L þ A)

PPI‐L þ A 1 <0.001

PPI‐C þ A þ M/T 2.202 1.824 2.660 <0.001

PPI‐M/T þ TC þ B 2.663 2.289 3.099 <0.001

Others 1.440 1.266 1.639 <0.001

Sex (ref. female)

Male 1.179 1.096 1.267 <0.001

PPI dose (low dose PPI)

Low 1 <0.001

Standard 1.597 1.459 1.748 <0.001

High 1.822 1.667 1.992 <0.001

Length (ref. 7 days)

7 days 1 <0.001

10 days 1.174 1.038 1.328 <0.001

14 days 1.462 1.284 1.665 <0.001

Adherence (ref. no <90% drug intake)

Yes (≥90% drug intake) 6.021 5.048 7.181 <0.001

Note: Dependent variable: Effectiveness (by modified intention‐to‐treat) Low dose PPI: 4.5–27 mg omeprazole equivalents, two times per day (i.e.,

20 mg omeprazole equivalents, two times per day); Standard dose PPI: 32–40 mg omeprazole equivalents, two times per day (i.e., 40 mg omeprazole

equivalents, two times per day); High dose PPI: 54–128 mg omeprazole equivalents, two times per day (i.e., 80 mg omeprazole equivalents, two times

per day). The treatments called ‘other’ correspond to those dual and hybrid therapies.

Abbreviations: A, amoxicillin; B, bismuth salts; C, clarithromycin; Conc, concomitant; M, metronidazole; mITT, modified intention to treat; N, total
sample; n, successful treatment sample; PP, per protocol; PPI, proton pump inhibitor; PPI‐M/T þ Tc þ B, prescribed either in the classical form or as

three‐in‐one single capsule, marketed as Pylera®; Seq, sequential; T, tinidazole; Tc, tetracycline hydrochloride.
The p‐value of those statistically significant (p < 0.001) comparisons is marked in bold.
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recommended as first‐line eradication treatment. Vallve et al.30

confirmed, in a meta‐analysis, that triple therapies with single PPI

doses were less effective than double doses. Furthermore, in a sys-

tematic review, Villoria et al.7 reported that standard PPI doses

(omeprazole 20 mg, lansoprazole 30 mg, pantoprazole 40 mg, rabe-

prazole 20 mg and esomeprazole 20 mg) twice a day were less

effective than high‐dose PPIs, where previous doses were doubled.
Finally, McNicholl et al.8 reported, in a meta‐analysis, a greater effi-
cacy of eradication treatment with triple therapies with esomepra-

zole and rabeprazole than with the so‐called first‐generation PPIs,

probably due to their higher antisecretory potency and the lesser

influence of CYP2C19 polymorphisms.31

Currently, an eradication treatment is recommended when its

efficacy is of approximately 90%, threshold currently achieved with

quadruple therapies containing a PPI, metronidazole, tetracycline and

bismuth, or with a PPI, clarithromycin, amoxicillin and metronidazole.

This situation occurs in most European countries. This efficacy is

more likely to be obtained with 14‐day treatments and greater in-

hibition of gastric acid is achieved with high‐dose PPIs. While the

benefit of the latter strategy is well defined in triple therapy, the

same is not true for the currently recommended quadruple therapies

(both bismuth and non‐bismuth‐based regimens).32–35 Thus, up to

now, it remains unclear whether higher doses of PPIs can improve

the effectiveness of these latter treatments.2

In our study, in first‐line treatment, over 90% effectiveness was

obtained in all 14‐day treatments with high‐dose PPIs, and in bismuth
quadruple therapies with standard‐dose PPIs. This effectiveness was
also observed in 10‐day treatments with quadruple sequential ther-
apy and bismuth quadruple therapies with either standard‐ or high‐
dose PPIs.

In second‐line treatment, optimal effectiveness was obtained in
14‐day treatments with triple therapy with levofloxacin with high‐
dose PPIs, and with bismuth quadruple therapy with standard‐ and
high‐dose PPIs. In 10‐day treatments, we obtained optimal effec-

tiveness with high‐dose PPIs combined with bismuth quadruple

therapy only, either as a three‐in‐one single capsule or in the tradi-
tional scheme.

When analysing the results of the most common first‐line
treatments, we observed that in triple therapy and in quadruple

concomitant therapy, high‐doses were more effective than standard‐
doses of PPIs, while the Pylera®/bismuth quadruple therapy could

not benefit from higher doses of PPIs in terms of effectiveness; thus,

standard PPI doses were sufficient to reach optimal cure rates with

this latter therapy.

Our study has some limitations. The heterogeneity in the man-

agement of H. pylori infection among the different countries makes it

difficult to discern possible confounding variables. The treatments

analysed were empirical. Antimicrobial susceptibility testing was not

performed. In addition, the second‐line treatment had a small sample
size and therefore further data would be needed for a better

assessment. An additional limitation could also be that the effec-

tiveness was not assessed by the different types of PPIs (omeprazole,

lansoprazole, pantoprazole, esomeprazole, or rabeprazole) but only

by the omeprazole equivalent dosage. Thus, for instance, the

CYP2C19 polymorphisms, together with the ethnic variability, might

influence the metabolism and effectiveness of eradication treatments

when combined with omeprazole and lansoprazole.

On the other hand, the study's strengths include, first of all, the

establishment of open inclusion criteria in order to represent the real

clinical practice of Europeangastroenterologists, allowing awide range

of therapeutic options. Furthermore, the sample size, including more

than 35,000 patients, and its multicentre design allowed us to have a

wide knowledge about the subject of study and to carry out a detailed

multivariate analysis. To our knowledge, this is the largest study car-

ried out to date worldwide trying to clarify the influence of the acid

inhibition on currently recommendedH. pylori eradication treatments.

In summary, in our study, the variables that most strongly

influenced the H. pylori treatment effectiveness were the treatment

duration, the adequate compliance, and the prescribed PPI dose. As

per our data, we recommend in first‐line treatment the use of high‐
dose PPIs in 14‐day triple therapy and in 10‐or 14‐day quadruple

concomitant therapy, while standard‐dose PPIs would be sufficient in
10‐day bismuth quadruple therapies. On the other hand, in second‐
line treatment, high‐dose PPIs would be more beneficial in 14‐day
triple therapy with levofloxacin and amoxicillin or in 10‐day bis-

muth quadruple therapy either as a three‐in‐one single capsule or in
the traditional scheme.
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