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INTRODUCTION: The safety of Helicobacter pylori eradication treatments and to what extent adverse events (AEs)

influence therapeutic compliance in clinical practice are hardly known. Our aim was to assess the

frequency, type, intensity, and duration of AEs, and their impact on compliance, for themost frequently

used treatments in the “European Registry on Helicobacter pylori management.”
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METHODS: Systematic prospective noninterventional registry of the clinical practice of European

gastroenterologists (27 countries, 300 investigators) on the management of H. pylori infection in

routine clinical practice. All prescribed eradication treatments and their corresponding safety profile

were recorded. AEs were classified depending on the intensity of symptoms as mild/moderate/severe

and as serious AEs. All data were subject to quality control.

RESULTS: The different treatments prescribed to 22,492 patients caused at least 1 AE in 23% of the cases; the

classic bismuth-based quadruple therapy was the worst tolerated (37% of AEs). Taste disturbance

(7%), diarrhea (7%), nausea (6%), and abdominal pain (3%) were themost frequent AEs. Themajority

of AEs were mild (57%), 6% were severe, and only 0.08% were serious, with an average duration of 7

days. The treatment compliance rate was 97%. Only 1.3% of the patients discontinued treatment due

to AEs. Longer treatment durations were significantly associated with a higher incidence of AEs in

standard triple, concomitant, bismuth quadruple, and levofloxacin triple or quadruple therapies.

DISCUSSION: Helicobacter pylori eradication treatment frequently induces AEs, although they are usuallymild and of

limited duration. Their appearance does not interfere significantly with treatment compliance.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/B961

Am J Gastroenterol 2021;116:1220–1229. https://doi.org/10.14309/ajg.0000000000001246

INTRODUCTION
Helicobacter pylori infection affects billions of people worldwide.
This infection is the main cause of gastritis, peptic ulcer disease, and
gastric cancer (1). The effectiveness of the different H. pylori eradi-
cation regimens has been widely studied. However, to date, the
frequency, severity, the type of adverse events (AEs) for the different
antibiotic regimens, and the impact of these factors on therapeutic
compliance in clinical practice have been poorly investigated (2).

Properly evaluation of the wide spectrum of AEs associated
with thewide variety of antibiotic regimens requires the study of a
very large and diverse population receiving these eradication
treatments. The “European Registry on Helicobacter pylori
management” (Hp-EuReg) brings together information on the
real clinical practice of most European countries, including
thousands of patients (3,4). The European Registry represents a
good mapping overview of the current situation regarding
H. pylori management, allowing not only for continuous assess-
ment of the implementation of clinical recommendations agreed
on medical consensus but also of the possible strategies for im-
provement. Therefore, the aim of this study was to assess the
frequency, type, intensity, and duration of AEs, and their impact
on compliance, for the most frequently prescribed treatments by
European gastroenterologists, based on the invaluable in-
formation included in Hp‐EuReg, a database systematically reg-
istering a large and representative sample of routine clinical
practice in Europe.

METHODS

European Registry on Helicobacter pylori management

This analysis focused on the Hp-EuReg, an international multi-
center prospective noninterventional registry that started in 2013
and was promoted by the European Helicobacter andMicrobiota
Study Group (www.helicobacter.org).

Currentmembers of the ScientificCommittee are JavierP.Gisbert
(Principal Investigator), FrancisMégraud, ColmA.O’Morain, Ignasi
Puig, andOlgaP.Nyssen (the2 latter are also the ScientificDirectors).

Currently, 29 countries have been selected. Criteria for
country selection, national coordinators, and gastroenterologist
recruiting investigators are detailed in the published protocol (3).

Eradication confirmation tests had to be available. Cases were
managed and registered according to their routine clinical prac-
tice (this was a noninterventional registry).

The Hp-EuReg protocol (3) was approved by the Ethics
Committee of La Princesa University Hospital (Madrid, Spain),
which acted as reference Institutional Review Board; it was clas-
sified by the Spanish Drug and Health Product Agency and was
registered at ClinicalTrials.gov under the code NCT02328131.
Written informed consent was obtained from each patient in-
cluded in the study.

Data were recorded in an electronic case report form and
collected and managed using REDCap hosted at “Asociación
Española de Gastroenterología” (www.aegastro.es) (5), a non-
profit scientific and medical society focused on gastroenterology
research. The list of variables and outcomes can be found in the
published protocol (3).

Study aim

The general primary aimof theHp-EuRegwas to set up an on-going
database in which a large and representative sample of European
gastroenterologists would systematically record their routine man-
agement of patients infected with H. pylori. Secondary objectives of
the Hp-EuReg are further described in the protocol (3).

The aim of the current study was to assess the frequency, type,
intensity, and duration of AEs, and their impact on compliance,
for the most frequently used treatments in the Hp-EuReg.

Selection criteria

Adult patients treatedwith any therapy schemeof any treatment line
were included in the analysis. Given the diversity of treatments ac-
counting for a small number of patients treated, it was decided to
establish a threshold of 100 cases by treatment. Therefore, 14 treat-
ments were selected a priori for the safety analysis.

Those treatments given in combination with pro/prebiotics
were excluded from the study.

Data management and analysis

A quality control check was performed on at least 10% of the
records included. AEs were classified depending on the intensity
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of symptoms evaluated by the corresponding physician:mild (not
interfering with daily routine), moderate (affecting daily routine),
intense/severe (not allowing normal daily routine), and serious
(causing death, hospitalization, disability, congenital anomaly,
and/or requiring intervention to prevent permanent damage).

AEs and compliance were evaluated through patient ques-
tioning with both open-ended questions and a predefined ques-
tionnaire, by face-to-face interview (see Supplementary Table 1,
Supplementary Digital Content 1, http://links.lww.com/AJG/
B961). Compliance was defined, through physician questioning,
as having taken at least 90% of the prescribed drugs.

Statistical analyses

Continuous variables are presented as the arithmetic mean and
respective SD. Qualitative variables are presented as percentages
and 95% confidence intervals. Differences between groups were
analyzed with the x2 test. Significance was considered at P, 0.05.

RESULTS
Overall

Until June 2019, 22,492 patients from 27 countries reported in-
formation on the safety of treatments (see Supplementary Table 2,
Supplementary Digital Content 1, http://links.lww.com/AJG/
B961). From those, 14 different treatments with at least 100 pa-
tients were analyzed, accounting for a total of 20,955 patients
(Figure 1).

Mean age of patients was 51 (617.4) years, and 61% were
women. Indication for eradicationwas functional dyspepsia in 35%
of the cases, noninvestigated dyspepsia in 20%, and peptic ulcer in

17%.Diagnosis was performed bymeans of histology in 39% of the
patients, 13C-urea breath test in 24%, rapid urease test in 31%,
monoclonal stool antigen test in 6%, and culture in 5% (Table 1).

The appearance of at least 1 AE was reported in 23% of the cases
overall (Table 2). There were 9 types of different AEs, and the most
frequent were taste disturbance (7%), diarrhea (7%), nausea (6%),
and abdominal pain (3%); most of them (57%) were mild.

Themean overall duration ofAEswas 7.3 (64.2) days, ranging
from 1 to 45 days.

The incidence of AEs was 22% among the 14 different most
frequent treatments evaluated (4,298 patients) (Table 3). Highest
incidence of AEs was observed for the classical bismuth qua-
druple therapy containing a proton pump inhibitor (PPI), bis-
muth salts, metronidazole (M), and either tetracycline or
doxycycline (37% and 33%, respectively), as well as for the bis-
muth quadruple with amoxicillin (A) and clarithromycin (C),
levofloxacin, or josamycin (34%, 32%, and 32%, respectively).

The most frequent types of AEs by treatment were metallic
taste with PPI 1 A 1 C 1 bismuth (16%) and with PPI 1
bismuth 1 tetracycline 1 M (16%); diarrhea with PPI 1 A 1
levofloxacin 1 bismuth (15%), and with PPI 1 bismuth 1 tet-
racycline 1 M (12%) and nausea with the bismuth quadruple
therapy using either tetracycline or doxycycline (20% and 17% of
the cases, respectively) (Table 4).

In addition, these AEs varied in intensity depending on the
treatment (see Supplementary Table 3, Supplementary Digital
Content 1, http://links.lww.com/AJG/B961). For instance, severe
metallic taste was reported with PPI1A1 josamycin1 bismuth
(15%), PPI 1 A 1 C (12%), and PPI 1 M 1 C (11%). Severe

Figure 1. Study flow chart.
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diarrhea occurred with PPI1M1C (11%), PPI1A1C (10%),
and PPI1 bismuth1 doxycycline1M(10%). Severe nausea was
reported in 30% of cases with PPI 1 A 1 josamycin 1 bismuth
and occurred in 11–12% of the cases with the use of PPI1M1A
and PPI1M1 C or when PPI1 bismuth1 doxycycline 1M
was prescribed.

Overall compliance rate was 97%, and 1.3% of the patients had
to discontinue the treatment because of AEs. In addition, serious
AEs occurred in 20 patients (0.08%) who required hospitaliza-
tion, but all of them were resolved without sequelae.

The incidence of AEs varied according to therapy length
(Table 5) and their average duration (days) varied among treatment
schemes (Table 6), as described in Supplementary file 2 (see Sup-
plementary Digital Content 1, http://links.lww.com/AJG/B961).

DISCUSSION
Usually, when choosing an antibiotic strategy for any infectious
disease—including H. pylori infection—efficacy is the major de-
terminant (6). However, safety is also relevant for selection of the
most appropriate treatment. Generally, H. pylori eradication
therapy is considered to be well tolerated. It is, however, associated
with significant drug-induced AEs compared with acid-
suppressing drugs alone (7,8). In this study, the different treat-
ments prescribed to 22,492 patients of the Hp-EuReg caused at
least 1 AE in as much as 22% of the cases. Taste disturbance (7%),
diarrhea (7%), nausea (6%), and abdominal pain (3%) were the
most frequent AEs. Similarly, in a Cochrane review, the most
common AEs were diarrhea (8%), altered taste (7%), nausea/
vomiting (5%), and abdominal pain (5%) (8). The majority of AEs
in theHp-EuRegweremild (57%), and only 0.08%were serious. In
most cases, symptoms were only present while the patient was
taking medication, lasting for # 10 days in most of them. These
results are in agreement with previous studies, where most AEs
were reported to be mild and of limited duration (9–11). In par-
ticular, the safety profile of each of the most frequently prescribed
regimens in the Hp-EuReg is discussed below.

Standard triple therapy

AEs are highly prevalent with PPI-based triple therapy, still one
the most widely used worldwide. In our study, the incidence of
AEswith PPI1C1A, PPI1C1M, andPPI1A1Mwas 15%,
20%, and 22%, respectively, in agreement with previous meta-
analyses (12). Other studies have reported similar or higher rates
ofAEs, even reaching 50% (10). Themost frequent types ofAEs in
patients receiving the standard triple regimens in the Hp-EuReg
were gastrointestinal symptoms, mainly including taste distur-
bance, diarrhea, nausea, vomiting, and dyspepsia, in agreement
with previous studies (7,9,12,13).

In the PPI 1 C 1 A and PPI 1 C 1 M regimens, the use of
macrolides is probably the main cause of gastrointestinal AEs
(14,15). On the other hand, the PPI 1 A 1 M regimen is also
associated with a high incidence of AEs (22% in our study), de-
spite not including C (16).

Prolonging the duration of treatments for longer than 7 days
seems to significantly enhance eradication rates but may increase
the rates of AEs (11,14). In our study, longer triple therapy reg-
imens were associated with higher AE rates. Thus, for PPI1C1
A regimen, the incidence of AEs was 14% for 7 days and 19% for
14 days, while for PPI1C1M, it was 21% and 25%, respectively.

Table 1. Demographic and clinical characteristics of patients

Total number of patients (N) 22,492

Age

Mean (SD) 51 (17.4)

Sex (N, %)

Male 8,818 (39)

Female 13,661 (61)

Ethnic background (N, %)

White 20,519 (91)

Black 116 (0.50)

Asian 162 (0.70)

Others 1,370 (6.1)

Unknown/not available 317 (1.4)

Concurrent medication (N, %) 9,060 (40)

Proton pump inhibitors 5,249 (58)

Acetylsalicylic acid 1,238 (14)

NSAIDs 2,614 (18)

Statins 2,272 (25)

Indication (N, %)

Functional dyspepsia 7,777 (35)

Duodenal ulcer 2,639 (12)

Gastric ulcer 1,167 (5)

Noninvestigated dyspepsia 4,363 (20)

Others 6,470 (29)

Most frequent prescriptions of treatments (N, %)a

PPI 1 C 1 A 7,825 (35)

Concomitant (PPI 1 C 1 A 1 M) 3,850 (17)

PPI 1 three-in-one 2,519 (11)

PPI 1 C 1 A1 B 1,889 (8.5)

PPI 1 A 1 L 1,741 (7.9)

PPI 1 C 1 M 1,026 (4.6)

PPI 1 A 1 L 1 B 599 (2.7)

PPI 1 A 1 M 381 (1.7)

Sequential (PPI 1 C 1 A 1 M) 278 (1.3)

PPI 1 M 1 Tc 1 B 233 (1.1)

PPI 1 A 1 B 1 J 208 (0.9)

PPI 1 M 1 D1 B 190 (0.9)

Sequential (PPI 1 C 1 A 1 T) 115 (0.5)

Concomitant (PPI 1 C 1 A 1 T) 101 (0.5)

Total 20,955 (93%)

A, amoxicillin; B, bismuth; C, clarithromycin; D, doxycycline; J, josamycin; L,
levofloxacin; M, metronidazole; NSAIDs, nonsteroidal anti-inflammatory drugs;
PPI, proton pump inhibitor; T, tinidazole; Tc, tetracycline; three-in-one, three-in-
one single-capsule bismuth quadruple therapy (Pylera).
aIn . 95% of treatments, standard PPIs and antibiotic dosages were used: C
500mg, A 1 g, M 500mg, L 500mg, B 240mg, and J 500mg were used twice
daily and Tc 500 mg 4 times daily.
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In a Cochrane review evaluating the optimum duration of regi-
mens for H. pylori eradication, however, the proportion of pa-
tients discontinuing treatment because of AEs was not
significantly different between treatment durations (9), in
agreement with our results. Therefore, we can conclude that the
optimal duration for standard triple therapy is 14 days, which is in
agreement with recommendations of current guidelines (6).

Regarding the dose of antibiotics, most studies have prescribed
Aat doses of 1 g/24hours andC at doses of 500mg/12 hours (in the
PPI1C1A regimen); therefore, the experience with lower doses
in triple therapies is very limited (including also the Hp-EuReg
experience) and insufficient to draw a conclusion. On the other
hand, the importance of C dose in the PPI 1 C 1 M regimen
remains controversial: Some systematic reviews reported that a
half-dose C-based regimen is equally effective but better tolerated
(17,18), which is in contrast with the results obtained in our study.

The severity of AEs of triple therapy in the Hp-EuReg was
classified as mild in most cases, being serious in only ,1% of
them, in agreement with previous studies (9–11).

Finally, it has been recently shown that the addition of bis-
muth to a standard triple therapy increases its efficacy (19). Al-
though bismuth per se has been reported to be well tolerated
(20,21), unexpectedly, this quadruple therapywas associatedwith
a relatively high incidence of AEs (34%) in our study, higher than
that of the triple regimens in the same Hp-EuReg (see above).
Nevertheless, it must be taken into account that this figure in-
creased with longer duration of treatment (27% for 10 days and
37% for 14 days). In any case, most AEs were mild, and could be
considered clinically irrelevant, in agreement with previous
studies with this quadruple regimen (22).

Nonbismuth quadruple therapies

Nonbismuth quadruple therapy (i.e., the combination of a PPI
with A, C, and a nitroimidazole), either in sequential or

concomitant regimen, is at present one of the most widely used
(23,24). Sequential regimen was associated with a 7–19% in-
cidence of AEs in this study, a similar figure to that reported with
triple therapy, in accordance with previous systematic reviews
and meta-analyses (25,26). As it was the case with triple therapy,
most AEs were mild, and none was serious. Furthermore, the use
of tinidazole instead of M was associated with a lower rate of AEs
(7% vs 19%) in our study, while the efficacy seems to be simi-
lar (23).

Although it has been suggested that concomitant treatment
(PPI 1 A 1 C 1 M) has a similar safety profile than standard
triple or sequential therapies (24,27), the incidence of AEs with
concomitant therapy in our study (25%) seemed to be slightly
higher, which is in agreement with previous systematic reviews
and meta-analyses (11,28). The use of tinidazole instead of M
seemed to be associated with a lower incidence of AEs (17% vs
25%), as was previously reported for sequential therapy. Anyhow,
the overall safety profile with concomitant regimen (either with
M or tinidazole) was quite favorable: most AEs were mild, and
only ,1% were serious, in agreement with previous meta-
analyses (29).

Prolonging the duration of concomitant treatment seems to
significantly enhance eradication rates but, at the same time, may
increase the rates of AEs (24). Accordingly, the incidence of AEs
in our patients receiving concomitant therapy increased from
19% (7 days) to 27% (14 days).

Bismuth quadruple therapies

Although a similar incidence of AEs has been previously reported
for classic bismuth quadruple therapy (PPI 1 bismuth 1 tetra-
cycline 1 M) and triple therapy (30,31), in the Hp-EuReg, AEs
with the bismuth regimen were more frequent, reaching the
highest rate of AEs (37%), although most of them were mild and
only ,1% were serious. This relatively high proportion of AEs

Table 2. Overall frequency, intensity, and duration of the different types of adverse events

Type of AE

Frequency of AE Intensity of AE Length of AE (d)

N % 95% CI Mild, N %

95%

CI Moderate, N %

95%

CI Severe, N % 95%CI Mean (SD)

Min-

max

Metallic taste 1,521 6.8 6.4–7.1 939 62 59–64 499 33 30–35 83 5.5 4.3–6.6 8.3 (3.3) 1–45

Diarrhea 1,541 6.9 6.5–7.2 883 57 55–60 584 38 35–40 73 4.7 3.6–5.8 6.8 (4.1) 1–45

Nausea 1,381 6.1 5.8–6.5 791 57 55–60 507 37 34–39 82 5.9 4.7–7.2 6.7 (4.0) 1–45

Abdominal pain 704 3.1 2.9–3.4 425 61 57–64 210 30 26–33 68 9.7 7.4–12 7.3 (4.4) 1–45

Dyspepsia 602 2.7 2.5–2.9 293 49 45–53 274 46 42–50 34 5.7 3.7–7.6 7.7 (4.7) 1–45

Asthenia 561 2.5 2.3–2.7 261 47 42–51 249 45 40–49 50 8.9 6.5–11 7.7 (3.8) 1–22

Vomiting 554 2.5 2.3–2.7 315 57 53–61 204 37 33–41 35 6.3 4.2–8.4 5.8 (4.2) 1–45

Anorexia 318 1.4 1.3–1.6 190 60 54–65 100 32 26–37 27 8.5 5.3–12 7.8 (3.1) 1–11

Heartburn 199 0.9 0.8–1 103 52 45–59 78 39 32–46 18 9 4.8–13 7.4 (6.5) 1–45

TOTAL 4,699 23 22–23 4,200 57 55–58 2,705 37 35–38 470 6.3 5.8–6.9 7.3 (4.2) 1–45

Serious AEs N % 95% CI

Yes 20 0.08 0.05–0.13

Stopped treatment due to AE N % 95% CI

Yes 294 1.3 1.1–1.4

AE, adverse event; CI, confidence interval; Min, minimum; Max, maximum; N, number of patients reporting an adverse event.
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could be due, at least in part, to the long duration of treatment (14
days) in a high proportion of the patients included in the Hp-
EuReg. Thus, in a recentmeta-analysis, increased duration from7
to 14 days was associated with an increase in the proportion of
AEs (9).

In many parts of the world, tetracycline has become unavail-
able, and many pharmacies attempted to substitute doxycycline
for tetracycline HCl (32). It has also been suggested that doxy-
cycline may be better tolerated than tetracycline, although our
results could not confirm this hypothesis, in agreement with
previous studies (33).

Finally, the three-in-one single-capsule bismuth quadruple
therapy (Pylera) was associated with a lower incidence of AEs
(28%), compared with the classic bismuth quadruple regimen,
which could be due to the lower dose of tetracycline in the three-in-
one single presentation as compared to the classic quadruple regi-
men. This figure was lower than that previously reported in the
literature, although the results have been highly heterogeneous (34).

Levofloxacin-based triple and quadruple therapies

Levofloxacin-based triple therapies have been demonstrated to be
at least equally effective for H. pylori eradication than bismuth
quadruple regimens (35). AEs related to levofloxacin are generally
mild and related to the gastrointestinal system, including nausea
and diarrhea (36). In this line, the incidence of AEwith the PPI1
A 1 levofloxacin regimen was 21% in our study, with a very
low (0.1%) percentage of serious AEs. These results are fully

coincident with those reported by the largest series of
levofloxacin-based treatments (37) and with a previous system-
atic review (38). Several meta-analyses have confirmed a lower
incidence of AEs with levofloxacin-based regimens than with the
bismuth quadruple combination (38–40). Finally, in a network
meta-analysis comparing tolerance of treatments forH. pylori, all
regimens were considered tolerable, but 7 days of levofloxacin-
based triple treatment ranked best in terms of the proportion of
AEs reported (14). Nevertheless, the risk of suffering from AEs
increased with longer durations of the treatment in our study,
from 21% for 7 days to 39% for 14 days.

More recently, it has been demonstrated that combining bis-
muth and levofloxacin may enhance the efficacy of eradication
regimens (35). AEs associated with the PPI1A1 levofloxacin1
bismuth treatment were relatively frequent in our study (32%),
but none of them was classified as serious AEs. In fact, in a
comparative study, there was no significant difference in the in-
cidence of AEs when comparing a levofloxacin-based triple
therapy with or without the addition of bismuth (41).

Impact of AEs on treatment compliance

It has been shown that decreased compliance is significantly as-
sociated with side effects (42). Thus, even more important than
the incidence of AEs is their impact on compliance. In our study,
the compliance rate was as high as 97% (which was applicable to
virtually all treatment regimens). Furthermore, although AEs
associated with all therapy regimens were quite common, only
1.3% of the patients discontinued treatment due to these AEs
(figures varied depending on the treatment, but were,5% for all
regimens). Several other studies have confirmed that the per-
centage of patients who stop medication because of AEs is very
low, only approximately 1%–5% (9–12,22). Together with anti-
biotic resistance, compliance with therapy is the most important
factor predictingH. pylori eradication; therefore, this represents a
clinically relevant aspect of all regimens (43–47). The most
common AEs recorded in all studies are bothersome digestive
symptoms such as diarrhea, nausea, and vomiting, which have
significant physical and social impact. Thus, doctors should ex-
plain to their patients that AEs might occur but that these are
temporary and very often harmless (48).

Limitations and strengths of this study

The major drawback of our study is that it seems difficult to
compare AE profiles between different investigators (the Hp-
EuReg includes 300 investigators from 27 countries) and between
different therapies (only comparative randomized controlled
trials could reliably how side-effect profiles really differ between
regimens). This limitation affects any comparison with published
studies as the terminologies and definitions of AEs (and of their
intensity and severity) used to represent safety vary among
studies and, unfortunately, there is no uniform grading system
(49,50). As a result, for example,mostmeta-analyses are unable to
provide a comprehensive analysis of AEs (51). Nevertheless, it
should be noted that in our study, AEs were well defined and a
priori classified as mild (not interfering with daily routine),
moderate (affecting daily routine), intense/severe (not allowing
normal daily routine), and serious (causing death, hospitaliza-
tion, disability, congenital anomaly, and/or requiring in-
tervention to prevent permanent damage), which we think
facilitates an homogeneous interpretation of the safety profile by
all investigators.

Table 3. Adverse events of most frequent H. pylori eradication
treatments

Treatment regimena,b N %b 95% CI

PPI 1 C 1 A 1,037 15 14–16

PPI 1 C 1 M 184 20 18–23

PPI 1 A 1 M 79 22 17–26

PPI 1 C 1 A1 B 627 34 34–37

Concomitant (PPI 1 C1 A 1 M) 926 25 23–26

Concomitant (PPI 1 C1 A 1 T) 16 17 9.1–26

Sequential (PPI1 C 1 A 1M) 50 19 14–24

Sequential (PPI1 C 1 A 1 T) 5 6.8 2.2–15

PPI 1 B 1 Tc 1 M 84 37 30–43

PPI 1 B 1 D 1 M 62 33 26–40

PPI 1 three-in-one 642 28 26–30

PPI 1 A 1 L 339 21 19–23

PPI 1 A 1 L 1 B 180 32 28–36

PPI 1 B 1 A 1 J 67 32 26–39

Total 4,298 22 22–23

N, number of patients with at least 1 adverse event; CI, confidence interval; PPI,
proton pump inhibitor; A, amoxicillin C, clarithromycin; M, metronidazole; T,
tinidazole; D, doxycycline; L, levofloxacin; B, bismuth; Tc, tetracycline; J,
josamycin; three-in-one, three-in-one single-capsule bismuth quadruple
therapy (Pylera).
aNonstatistically significant (P . 0.05) differences were found in the safety of
treatments when comparing first-line vs rescue treatment.
bPercentage relative to the information on safety available on each treatment
category.
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Table 4. Incidence of the different types of adverse events by treatment

PPI 1 C

1 A

PPI 1 C

1 M

PPI 1 A

1 M

PPI1 C1 A

1 B

PPI1 C1 A1M

conco

PPI1 C1 A1 T

conco

PPI 1 C1 A1

M seq

PPI 1 C1 A1

T seq

PPI1 B1 Tc

1 M

PPI 1 B1 D

1 M

PPI 1 three-

in-one

PPI 1 A

1 L

PPI1 A1 L

1 B

PPI1B1 A

1 J

Metallic

taste, N

338 75 28 308 380 2 23 0 38 19 125 27 43 13

% 4.3 7.3 7.2 16 9.9 2 8.3 0 16 10 5 1.6 7.2 6.3

95% CI 3.9–4.8 5.7–9.0 4.6–10 15–18 8.9–11 0.24–7.0 4.9–12 0.0–3.2 11–21 5.5–15 4.1–5.8 0.94–2.2 5.0–9.3 2.7–9.8

Diarrhea, N 235 28 28 210 400 6 4 0 29 10 204 144 95 24

% 3 2.7 7.3 11 10 5.9 1.4 0 12 5.3 8.1 8.3 15 12

95% CI 2.6–3.4 1.7–3.8 4.6–10 9.7–13 9.4–11 0.84–11 0.39–3.6 0.0–3.2 8.0–17 1.8–8.7 7.0–9.2 6.9–9.6 13–19 7.0–16

Nausea, N 331 41 27 154 256 6 13 1 47 33 200 106 51 13

% 4.2 4 7.1 8.2 6.6 5.9 4.7 0.9 20 17 7.9 6.1 8.5 6.3

95% CI 3.8–4.7 2.7–5.2 4.4–9.8 6.9–9.4 5.8–7.4 0.84–11 2.0–7.3 0.02–4.8 15–26 12–23 6.9–9.0 4.9–7.2 6.2–11 2.7–9.8

Vomiting, N 90 11 13 80 85 2 3 1 17 8 110 74 20 1

% 1.2 1.1 3.4 4.2 2.2 2 1.1 0.9 7.3 4.2 4.4 4.3 3.3 0.5

95% CI 0.91–1.4 0.39–1.8 1.5–5.4 3.3–5.2 1.7–2.7 0.24–7.0 0.22–3.1 0.02–4.8 3.7–11 1.1–7.3 3.5–5.2 3.3–5.2 1.8–4.9 0.01–2.6

Dyspepsia, N 141 49 16 39 97 1 6 0 13 16 93 55 16 7

% 1.8 4.8 4.2 2.1 2.5 1 2.2 0 5.6 8.4 3.7 3.2 2.7 3.4

95% CI 1.5–2.1 3.4–6.1 2.1–6.3 1.4–2.7 2.0–3.0 0.03–5.4 0.27–4.0 0.00–3.2 2.4–8.7 4.2–13 2.9–4.4 2.3–4.0 1.3–4.0 0.67–6.1

Heartburn, N 79 5 15 9 24 1 0 0 3 2 22 26 2 2

% 1 0.5 3.9 0.5 0.6 1 0 0 1.3 1.1 0.9 1.5 0.3 1

95%CI 0.78–1.2 0.16–1.1 1.9–6.0 0.14–0.81 0.36–0.89 0.03–5.4 0.00–1.3 0.00–3.2 0.27–3.7 0.13–3.8 0.5–1.3 0.90–2.1 0.04–1.2 0.12–3.3

Abdominal

pain, N

112 12 21 131 162 4 4 0 14 20 125 26 25 6

% 1.4 1.2 5.5 6.9 4.2 4 1.4 0 6 11 5 1.5 4.2 2.9

95% CI 1.2–1.7 0.46–1.9 3.1–7.9 5.8–8.1 3.6–4.9 1.1–9.8 0.39–3.6 0.00–3.2 2.7–9.3 5.9–15 4.1–5.8 0.90–2.1 2.5–5.9 0.37–5.4

Asthenia, N 127 12 4 33 110 0 5 2 11 9 145 35 11 5

% 1.6 1.2 1 1.7 2.9 0 1.8 1.7 4.7 4.7 5.8 2 1.8 2.4

95%CI 1.3–1.9 0.46–1.9 0.29–2.7 1.1–2.4 2.3–3.4 0.00–3.6 0.59–4.1 0.21–6.4 1.8–7.7 1.5–8.0 4.8–6.7 1.3–2.7 0.68–3.0 0.79–5.5

Anorexia, N 74 8 16 10 38 0 3 1 10 1 59 56 4 2

% 0.9 0.8 4.2 0.5 1 0 1.1 0.9 4.3 0.5 2.3 3.2 0.7 1

95% CI 0.73–1.2 0.19–1.4 2.1–6.3 0.18–0.88 0.66–1.3 0.00–3.6 0.22–3.1 0.02–4.8 1.5–7.1 0.01–2.9 1.7–3.0 2.4–4.1 0.18–1.7 0.12–3.4

TOTAL 1,527 241 168 974 1,552 22 61 5 182 118 1,083 549 267 73

% 22.38% 3.53% 2.46% 14.28% 22.75% 0.32% 0.89% 0.07% 2.67% 1.73% 15.88% 8.05% 3.91% 1.07%

N, number of patients with an adverse event; CI, confidence interval; PPI, proton pump inhibitor; A, amoxicillin C, clarithromycin; M, metronidazole; T, tinidazole; D, doxycycline; L, levofloxacin; B, bismuth; Tc, tetracycline; J,
josamycin; three-in-one, three-in-one single-capsule bismuth quadruple therapy (Pylera); conco, concomitant; seq, sequential.
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Webelieve that our study, based on the invaluable information
of the Hp‐EuReg, has a number of strengths. Several clinical trials
report high compliance rates suggesting a negligible impact of
medication AEs, which may not necessarily reflect real-life
compliance and adherence. Outcomes in clinical trials are often
favored because of the homogeneous nature of the study pop-
ulation, close patient follow-up, the presence of well-defined
protocols, adherence controls (e.g., pill counts and phone calls),

financial incentive (free drug supplies, tests, and follow-up), and
patient motivation. However, the open inclusion criteria of the
Hp-EuReg ensure that our data represent the real clinical practice
of the participant centers and corresponding European gastro-
enterologists. Moreover, the large number of recruiters and
countries has provided, to the best of our knowledge, the largest
study evaluating the safety of H. pylori eradication treatment,
including more than 22,000 patients.

Table 6. Average duration (days) of adverse events by treatment

Days, mean (SD) Metallic taste Diarrhea Nausea Vomiting Dyspepsia Heartburn Abdominal pain Fatigue Anorexia

PPI 1 C 1 A 7.2 (3.7) 5.4 (3.6) 5.2 (3.7) 5.2 (4.0) 7.2 (5.3) 5.7 (5.9) 5.4 (4.1) 5.9 (3.4) 6.5 (3.2)

PPI 1 C 1 M 6.5 (1.8) 8.7 (8.6) 6.2 (2.6) 5.2 (3.5) 6.5 (2.5) 7.4 (5.0) 7.0 (3.1) 8.3 (5.0) 7.0 (3.7)

PPI 1 A 1 M 7.6 (3.3) 7.4 (3.9) 7.4 (3.9) 6.0 (4.0) 8.4 (3.1) 8.9 (3.1) 9.5 (4.6) 5.0 (1.7) 10 (2.5)

PPI 1 C 1 A1 B 9.2 (2.8) 7.6 (4.5) 7.6 (4.2) 7.6 (4.2) 9.7 (5.1) 7.6 (3.5) 8.4 (3.3) 8.7 (3.9) 6.3 (2.9)

Concomitant (PPI 1 C1 A 1 M) 8.4 (3.2) 7.0 (3.6) 7.1 (3.5) 5.5 (3.7) 7.3 (3.7) 9.9 (6.4) 6.8 (3.7) 7.6 (3.7) 7.1 (3.2)

Concomitant (PPI 1 C1 A 1 T) 11 (0.00) 6.7 (4.1) 3.7 (3.7) 1.5 (0.71) NA NA 3.8 (2.2) NA NA

Sequential (PPI1 C 1 A 1M) 5.5 (1.9) 3.0 (1.4) 4.5 (2.4) 3.0 (2.0) 6.3 (3.7) NA 4.8 (4.5) 5.6 (3.2) 5.0 (0.00)

Sequential (PPI1 C 1 A 1 T) NA NA NA NA NA NA NA NA NA

PPI 1 B 1 Tc 1 M 9.0 (2.7) 7.0 (3.9) 8.9 (2.7) 5.8 (3.1) 8.8 (3.6) 8.0 (5.2) 8.0 (2.9) 7.6 (3.7) 9.2 (3.0)

PPI 1 B 1 D 1 M 8.3 (1.9) 7.6 (2.7) 7.8 (3.3) 5.0 (1.9) 7.3 (2.4) 28 (24) 7.6 (3.7) 8.8 (2.1) NA

PPI 1 three-in-one 9.2 (3.4) 7.2 (3.9) 7.1 (3.6) 6.1 (4.0) 7.9 (3.2) 9.2 (8.5) 8.6 (6.1) 9.0 (4.1) 9.0 (2.3)

PPI 1 A 1 L 8.0 (2.8) 5.4 (2.4) 7.1 (4.6) 4.3 (2.1) 7.0 (3.4) 6.5 (3.1) 5.4 (2.9) 8.2 (2.9) 8.2 (2.7)

PPI 1 A 1 L 1 B 10 (2.9) 8.8 (5.2) 9.3 (6.1) 7.7 (9.9) 14 (13) 6.0 (1.4) 7.6 (2.8) 7.5 (3.1) 8.5 (3.0)

PPI 1 B 1 A 1 J 9.7 (2.6) 7.5 (4.5) 8.2 (4.9) NA 8.4 (3.6) 6.5 (6.4) 10 (6.1) 8.6 (3.4) 11 (0.00)

PPI, proton pump inhibitor; A, amoxicillin C, clarithromycin;M,metronidazole; T, tinidazole; D, doxycycline; L, levofloxacin; B, bismuth; Tc, tetracycline; J, josamycin; three-
in-one, three-in-one single-capsule bismuth quadruple therapy (Pylera); NA, not available.

Table 5. Incidence of adverse events in most frequent treatments by length (7, 10, or 14 d)

7 d 10 d 14 d

N (%) 95% CI N (%) 95% CI N (%) 95% CI

PPI 1 C 1 A** 2,003 (14) 12–15 2,904 (14) 13–15.5 1,699 (19) 17–21

PPI 1 C 1 M 723 (21) 18–24 112 (16) 8.8–23 67 (25) 14–36

PPI 1 A 1 M 83 (14.5) 6.3–23 227 (26) 20–31 44 (18) 5.6–31

PPI 1 C 1 A1 B NA NA 569 (27) 23–31 1,233 (37) 35–40

Concomitant (PPI 1 C1 A 1 M)* NA NA 2,031 (23) 21–25 1,649 (27) 25–29

Concomitant (PPI 1 C1 A 1 T) NA NA 69 (17) 7.7–27 18 (17) 3.6–41

Sequential (PPI1 C 1 A 1M) 1 (100) 1.3–99 254 (18.5) 13–23 10 (10) 0.2–44

Sequential (PPI1 C 1 A 1 T) NA NA 65 (8) 2.5–17 NA NA

PPI 1 B 1 Tc 1 M** 24 (21) 7.1–42 120 (25) 17–33 85 (56.5) 45–68

PPI 1 B 1 D 1 M** 6 (0) 0–46 70 (17) 7.6–27 110 (45.5) 36–55

PPI 1 three-in-one 4 (0) 0–60 2,279 (28) 26–30 NA NA

PPI 1 A 1 L** 218 (21) 15–26 887 (12) 9.5–14 483 (39) 34–43

PPI 1 A 1 L 1 B** NA NA 20 (30) 12–54 538 (32) 28–36

PPI 1 B 1 A 1 J 10 (20) 2.5–56 86 (39.5) 29–50 106 (24.5) 16–33

N, number of patients with an adverse event, CI, confidence interval; PPI, proton pump inhibitor; A, amoxicillin C, clarithromycin; M, metronidazole; T, tinidazole; D,
doxycycline; L, levofloxacin; B, bismuth; Tc, tetracycline; J, josamycin; three-in-one, three-in-one single-capsule bismuth quadruple therapy (Pylera); NA, not available.
The x2 test showed statistically significant differences (*P, 0.05 and **P, 0.001) between treatment lengths for some treatment schemes, as reported in the table.
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In summary, from the valuable experience of the Hp-EuReg,
we can conclude thatH. pylori eradication treatment tends to be
safe in real clinical practice (as it occurs in randomized clinical
trials). Although it quite frequently induces AEs, these are
mostly mild and limited to the duration of treatment. Further-
more, these AEs do not have a negative impact on treatment
compliance.
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Study Highlights

WHAT IS KNOWN

3 The frequency, severity, and type of adverse events (AEs) for
the differentH.pylori eradication regimens, and the impact of
these factors on therapeutic compliance, have been poorly
investigated.

3 Properly evaluation of the wide spectrum of AEs associated
with the wide variety of antibiotic regimens requires the study
of a very large and diverse population receiving these
eradication treatments.

3 The “EuropeanRegistry onHelicobacter pylorimanagement”
brings together information on the real clinical practice of
most European countries.

WHAT IS NEW HERE

3 Helicobacter pylori eradication treatment tends to be safe in
real clinical practice (as it occurs in randomized clinical
trials).

3 The different treatments prescribed to 22,492 patients
caused at least 1 AE in 23% of the cases. Taste disturbance
(7%), diarrhea (7%), nausea (6%), and abdominal pain (3%)
were the most frequent.

3 The majority of AEs were mild (57%), and only 0.08% were
serious, with an average duration of 7 days.

3 The appearance of AEs does not interfere significantly with
treatment compliance.
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