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The prevalence of Helicobacter pylori remains high in the older population. Specific age-related
peculiarities may impact the outcomes of H. pylori treatment. The aim of the study was to evaluate
the diagnostics and effectiveness of H. pylori eradication between the younger and older European
populations. “European Registry on H. pylori Management (Hp-EuReg)” data from 2013 to 2022
were analyzed. Patients were divided into older (=60 years) and younger (18-59 years) groups.
Modified intention-to-treat (mITT) and per-protocol (PP) analysis was performed. 49,461 patients
included of which 14,467 (29%) were older-aged. Concomitant medications and penicillin allergy
were more frequent among the older patients. Differences between younger and older populations
were observed in treatment duration in first-line treatment and in proton pump inhibitors (PPls)
doses in second-line treatment. The overall incidence of adverse events was lower in the older adults
group. The overall first-line treatment mITT effectiveness was 88% in younger and 90% in the older
patients (p <0.05). The overall second-line mITT treatment effectiveness was 84% in both groups.
The effectiveness of the most frequent first- and second-line triple therapies was suboptimal (< 90%)
in both groups. Optimal efficacy (= 90%) was achieved by using bismuth and non-bismuth-based
quadruple therapies. In conclusion, the approach to the diagnostics and treatment of H. pylori
infection did not generally differ between younger and older patients. Main differences were reported
in the concurrent medications, allergy to penicillin and adverse events both in first- and second-line
treatment. Optimal effectiveness rates were mostly achieved by using bismuth and non-bismuth-
based quadruple therapies. No clinically relevant differences in the effectiveness between the age
groups were observed.
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Helicobacter pylori (H. pylori) is the main cause of chronic gastritis as well as one of the main etiopathogenetic
factors in the development of peptic ulcer disease. It is the only bacterium that is classified as Class I (definite)
carcinogen by World Health Organization (WHO) and is the main risk factor in the etiopathogenesis of gastric
adenocarcinoma and mucosa-associated lymphoid tissue lymphoma'.

Despite the fact that the prevalence of H. pylori is declining, especially in the younger population®®, it is
estimated that around 50% of the world’s populations is still infected with this bacterium’. Based on a wide
systematic review and meta-analysis, the prevalence of H. pylori in Western Europe is 34%® and is significantly
higher in Eastern and Southern European countries’.

The prevalence of H. pylori is related to the cohort effect, meaning that it is higher among the cohorts with
earlier date of birth, i.e., the older the cohort, the higher the prevalence of H. pylori. The vast majority of people
acquire this bacterium in their early childhood (up to 10 years of age) and the possibility of a later infection is
rather low'’. After the treatment of H. pylori the reinfection rate is also low''; however it might be higher in the
areas with low socioeconomic status and high prevalence of H. pylori.

Epidemiological studies have reported that the world’s population is shifting towards older adults (> 60 years
old) and the number of persons aged over 60 years is expected to double in the upcoming 10 years'>'. It has been
reported that the prevalence of H. pylori in older population is significantly higher compared to younger people',
resulting in higher incidence of gastric cancer, peptic ulcer disease and other H. pylori-associated conditions in
this population’. Even though there is a clear lack of epidemiological research in older patients, the available
studies have reported the prevalence of H. pylori ranging from 40% up to 75% in these subjects'*'>. Older adults
are also associated with other age-related peculiarities, such as a higher number of comorbidities and concurrent
medications, lower treatment compliance, impaired renal function, changes in drug metabolism'®!” as well as
other physiological changes'®.

Both the currently updated Maastricht VI/Florence, as well as previous Maastricht V/Florence, Consensus
Reports*!? on the management of H. pylori infection have decided not to separate the recommended treatment
regimens in different age groups as it has been reported that these regimens are equally effective both in older and
younger patients®. In fact, the limited available studies have reported that the standard triple therapy achieved
close to optimal or, in seldom cases, optimal effectiveness and most of the quadruple therapies and sequential
therapies have been reported to achieve optimal (>90%) eradication rates in older-aged groups'®-*!. It has been
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described that H. pylori eradication prescriptions are safe and effective in older adults, although the experience
is quite confined?"?.

There is a scarcity of data not only regarding the H. pylori diagnostics and treatment in older patients but also
comparing the results with younger subjects. The latter could evaluate more in depth both population’s charac-
teristics and potentially help in the therapeutical tailoring in the different age groups. In fact, after performing a
literature search, we could not retrieve any European studies in recent years that have compared the diagnostics
and treatment of H. pylori between older and younger populations.

On the other hand, it is known that H. pylori resistance rates to antibiotics are increasing worldwide. An
extensive analysis reported that primary clarithromycin resistance in European countries has doubled in the last
20 years®. It is likely that older adults might have patterns of higher antimicrobial resistance due to the lifelong
exposure to various antibiotics**?*. However, a population based study in China revealed that the failure rates of
clarithromycin containing triple therapy were especially high in younger populations, whereas the higher cure
rates were observed in the older subjects®.

The aim of this study was therefore to evaluate and compare the diagnostic methods and treatment prescrip-
tions for H. pylori infection as well as the effectiveness of the most frequent first- and second-line H. pylori
eradication regimens between the older and younger adults in Europe.

Methods

European registry on H. pylori management (Hp-EuReqg)

The Hp-EuReg is an international, multicentre, prospective, non-interventional registry that has been recording
information on the management of H. pylori infection since the year 2013. The Hp-EuReg protocol®’ establishes
national coordinators in the selected 29 countries, where gastroenterologists have been recruited at over 300
study centres to provide input to the registry.

Participants and study groups
This study data was obtained from the centres of all the participating countries. The participants were patients
that were included in the Hp-EuReg since the year 2013 up to the January of 2022. All of the patients were adults,
who were diagnosed with H. pylori infection.

The study participants were divided into two groups based on the age: younger (18-59 years old) and older
(=60 years old). The age cut-oft value between the groups was selected based on the “older adults” definition by
WHO and some sources from the United Nations (UN)?*%,

Data collection

Data were collected through an electronic Case Report Form (e-CRF), collecting the patient’s demographic
information, any previous eradication attempts, and the treatments employed, as well as the outcomes of the
treatment, recording details such as the compliance, the cure rate, the follow-up, etc. and the adverse events (AEs).
This information was registered at the REDCap database® managed and hosted by the "Asociacién Espafola de
Gastroenterologia" (AEG; http://www.aegastro.es), a non-profit Scientific and Medical Society that focuses on
Gastroenterology research.

Data management

Data were quality reviewed by evaluating whether the study selection criteria had been met, whether information
was correctly registered and ultimately to ensure the study was conducted according to the highest scientific and
ethical standards, in accordance with the latest revision of the ethical guidelines firstly announced in 1975 Dec-
laration of Helsinki. Data discordances were resolved by querying the investigators and through group emailing.

Variables categorization and definitions

PPI doses were categorized according to the potency of acid inhibition, as low-dose (4.5-27 mg of omeprazole
equivalents given twice a day), standard-dose (32-40 mg of omeprazole equivalents given twice a day), or high-
dose (54-128 mg of omeprazole equivalents given twice a day)*"*2. Likewise, the duration of treatment was cat-
egorized as 7, 10, or 14 days to ease the interpretation. Sub-analyses were performed according to the treatment
duration and PPI doses comparing both age groups (younger and older subjects).

The following categories were used for the most frequently prescribed first-line treatments: Triple-CA/M
(clarithromycin, amoxicillin/metronidazole), Seq CAT-CAM (clarithromycin, amoxicillin, tinidazole—clarithro-
mycin, amoxicillin, metronidazole), Quad-CAT-CAM, Quad-Pylera’ (three-in-one single-capsule containing
metronidazole, tetracycline and bismuth) + Quad Bi (bismuth), Quad-CAB (clarithromycin, amoxicillin, bis-
muth) and other. Likewise, following categories were used for the most frequent second-line treatments: Quad
Pylera’ + Quad Bi, Quad-LAB (levofloxacin, amoxicillin, bismuth), Triple-AL (amoxicillin, levofloxacin), Conco-
Seq (concomitant-sequential), and other.

In order to calculate the effectiveness of different H. pylori eradication regimens, per-protocol (PP), intention
to treat (ITT) and modified intention-to-treat (mITT) analyses were used. The ITT analysis includes all cases
registered in Hp-EuReg, allowing at least a 6-month follow-up, and lost to follow-up cases were considered
treatment failures. The PP analysis includes all cases that have completed follow-up (i.e., had undertaken a valid
confirmatory test after the eradication treatment) and had taken at least 90% of the treatment drugs, as defined
in the protocol. The mITT was designed to reach the closest results to those obtained in clinical practice, and
therefore included all cases that had completed the follow-up, regardless of the compliance to treatment. All the
patients, that were empirically treated (that is, without prescribing a susceptibility-guided antibiotic treatment)
were included in the effectiveness analysis.

Scientific Reports |

(2023) 13:17235 | https://doi.org/10.1038/s41598-023-43287-4 nature portfolio


http://www.aegastro.es

www.nature.com/scientificreports/

AEs and compliance were evaluated through patient questioning with both open-ended questions and a
predefined questionnaire, by face-to-face interview. Compliance was defined, through physician questioning,
as having taken at least 90% of the prescribed drugs.

AEs were classified depending on the intensity 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 interven-
tion to prevent permanent damage).

Statistical analyses

Continuous variables were summarized as the mean and standard deviation, while qualitative variables were
presented as the absolute relative frequencies, displayed as percentages (%) together with their 95% Cls, where
applicable. The selected level of statistical significance was p <0.05 (two-tailed).

All treatments were accounted in the descriptive and univariate analyses; for the purpose of the multivariate
analysis, logistic regression (LR) was performed first controlling by the most frequently prescribed first-line
treatments and then by the most frequently second-line treatments.

The LR used a backward modelling strategy and compared models using the log-likelihood ratio. The mITT
population was the dependent variable used to evaluate the association between the treatments’ eradication
rate and the following independent variables: age [ref. 18-59 years old group], sex [ref. female], indication [ref.
dyspepsia], compliance [ref. No, < 90% drug intake], PPI dose [ref. low dose], treatment length [ref. 7 days] and
prescribed eradication regimens (for the first line-treatment [ref. Triple-CA/M]; for the second-line treatment
[ref. Quad Pylera’ + Quad Bi] as defined earlier]. In the multivariate analysis, the effect was evaluated by calculat-
ing odds ratios (ORs) and the corresponding 95% confidence intervals (95% ClIs).

Ethics approval statement
The study was approved by the Ethics Committee of La Princesa University Hospital (Madrid, Spain). It was
registered at ClinicalTrials.gov (NCT02328131).

Results

Baseline characteristics

Figure 1 depicts the flow-chart of the study. The main results of the differences in the demographics, diagnostics,
and treatment of H. pylori infection between the older and younger age groups is presented in Table 1.

Since the year 2013, data from 49,461 cases were included in the Hp-EuReg and used for current analysis.
As already mentioned, the patients were divided into two groups based on their age: there were 14,467 (29%)
older (aged 60 years or older) and 34,994 (71%) younger (18-59 years old) patients. There were 63% female in
the older group and 59% female in the younger group (p <0.05 between the age groups).

The older adults group reported a significantly higher intake of concurrent medications (the main evaluated
drug groups were PPIs, acetylsalicylic acid, non-steroidal anti-inflammatory drugs and statins) as compared to
the younger subjects (55% vs. 27% respectively, p <0.05). Older-aged group was characterized by statistically
significantly higher rate of allergy to penicillin (5% in the older compared to 3% in the younger group, p <0.05),
whereas there were no differences in other evaluated drug groups, such as macrolides (0.3% in both groups) and
fluoroquinolones (0.2% vs. 0.1% respectively, p>0.05).

Before H. pylori eradication dyspeptic symptoms were more frequently reported in older subjects as compared
to the younger ones (77% vs. 73% respectively, p <0.05), whereas there were no differences in the prevalence of
heartburn (both groups 26%, p>0.05). The main indications for the treatment of H. pylori infection in the older
and younger age groups were dyspeptic syndrome (36% vs. 38% respectively) and peptic ulcer disease (20% vs.
15% respectively, p <0.05). Further causes (for instance, gastroesophageal reflux disease, erosive gastritis etc.)
accounted for 32% of the indications in older and 29% in younger patients groups (p <0.05).

The main H. pylori diagnostic tests used in older and younger subjects before the treatment were histologi-
cal examination (47% and 38% respectively, p <0.05), rapid urease test (RUT) (both groups 38%, p >0.05), urea
breath test (UBT) (25% and 31% respectively, p <0.05), microbiological culture (11% and 10% respectively,
P <0.05) and serology (7% vs. 8% respectively, p <0.05). The main diagnostic tests post-treatment in both groups
were UBT (66% and 62% respectively, p <0.05), stool antigen test (14% and 15% respectively, p <0.05), histologi-
cal examination (5% and 4% respectively, p <0.05) and RUT (3% in both groups, p>0.05).

Prescriptions, treatment duration and PPIs

In both age groups 81% of the cases were treatment-naive. In the first-line treatment, quadruple therapy was
prescribed in 45% of the older and 46% of the younger subjects (p <0.05) and triple therapy in 42% and 45%
respectively (p <0.05). In the second-line treatment quadruple therapy was prescribed in 52% of the older and
51% of the younger age cases (p <0.05) and triple therapy in 43% and 45% respectively (p <0.05).

The overall duration of first-line treatment in older and younger adults was 7 days in 14% and 12% of the
cases respectively; 10 days in 50% and 49% respectively; and 14 days in 36% and 40% respectively (p <0.05 in
all groups). The overall duration of the second-line treatment was as follows: 7 days in 4%, 10 days in 56% and
14 days in 40% of the cases in both age groups (p>0.05).

In the first-line treatment low PPI doses were most frequently prescribed in both groups and no significant
differences in prescribed PPI doses were found between the groups. In the second-line treatment low doses of
PPIs were most frequently prescribed in older adults (40% vs 36% respectively, p <0.05) and high doses of PPIs
most frequently in the younger adults (38% vs 42% respectively, p<0.05).
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Data collected in the Hp-EuReg in Europe
since the year 2013
(N=49461)

Younger (18-59 years old)
(N =34,994)

- Basic demographics
- Drug allergies and concurrent
medications
- H. pyiori diagnostics
- H pyloritreatment (treatment-
line, compliance)

Older (=60 years old)
(N =14,467)

- Basic demographics
- Drug allergies and concurrent
medications
- H. pyiori diagnostics
- H pylori treatment (treatment-
line, compliance)

- Adverse events

All other therapies
(except first- and

(N =2,724)

second-line) excluded

First-line therapy
(N=27.563)

- Prescribed
eradication regimens
- Treatment duration
- PPI dose
- Treatment
effectiveness (PP,
mITT)

Second-line therapy
(N=4.707)

- Prescribed

eradication regimens

- Treatment duration

- PPI dose

- Treatment

effectiveness (PP,

mITT)

- Adverse events

All other therapies

(except first- and

(N =1,125)

second-line) excluded

First-line therapy
(N =11.493)

- Prescribed
eradication regimens
- Treatment duration
- PPI dose
- Treatment
effectiveness (PP,
mITT)

Second-line therapy
(N=1,849)

- Prescribed

eradication regimens

- Treatment duration

- PPI dose

- Treatment

effectiveness (PP,

mITT)

Figure 1. Study flow chart. PP per-protocol, mITT modified Intention-to-treat.

Treatment effectiveness

The detailed analysis of the most widely used first- and second-line prescriptions in the older and younger age
groups and their effectiveness (ITT, mITT and PP) comparison is presented in Table 2. The graphic comparison
of the mITT effectiveness of the six most frequently prescribed first- and second-line treatments between the
age groups is illustrated in Figs. 2 and 3, respectively.

The overall first-line treatment effectiveness was 89% (95% CI 89-90%) by PP and 88% (95% CI 88-89%)
by mITT in the younger and 89% (95% CI 88-89%) by PP and 90% (95% CI 89-91%) by mITT in the older
groups. The effectiveness of most frequently prescribed first-line regimen, which was standard triple therapy
(PPI+C+A), was 88% by PP and 87% by mITT in the older group, whereas it was 87% by PP and 86% by mITT
in the younger group (p <0.05 only comparing the mITT effectiveness), meaning it reached suboptimal (<90%)
efficacy rates in either group. The remaining triple therapies failed to reach optimal eradication rates as well.
Optimal (=90%) eradication rates in the first-line treatment were achieved by using quadruple therapies (quad-
ruple PPI+C+ A +B, quadruple PPI+C+ A + T and single-capsule bismuth quadruple therapy) and the most
frequently used sequential therapy (PPI+C+ A +T) in both age groups. Statistically significant differences in
the eradication effectiveness between the age groups were reported when standard triple therapy (PPI+C+A),
quadruple PPI+C+ A + M or sequential PPI+C+ A + T therapies were used.
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Older (=260 years) | Younger (18-59 years) | p-value

Total number of patients, N (%) 14,467 (29%) 34,994 (71%)

Gender, N (%)

Male 5365 (37%) 14,244 (41%) <0.05
Female 9093 (63%) 20,730 (59%) <0.05
Average age (mean * standard deviation) | 68.1+6.3 42.8+10.7 <0.05
Main treatment indications, N (%)

Uninvestigated dyspepsia 5111 (36%) 13,248 (38%) <0.05
Peptic ulcer disease 2893 (20%) 5094 (15%) <0.05
Main symptoms, N (%)

Dyspepsia 10,571 (73%) 27,070 (77%) <0.05
Heartburn 3831 (26.3%) 9183 (26.5%) >0.05
Concurrent medications, N (%) 7364 (55%) 8834 (27%) <0.05
Drug allergies, N (%) 796 (6%) 1306 (4%) <0.05
Penicillin 650 (4.5%) 1050 (3%) <0.05
Macrolides 43 (0.3%) 92 (0.3%) >0.05
Fluoroquinolones 27 (0.2%) 50 (0.1%) >0.05
Main diagnostic methods pre-treatment, N (%)

Histology 6840 (47%) 13,191 (38%) <0.05
Rapid urease test 5463 (38%) 13,138 (38%) >0.05
Urea breath test 3550 (25%) 10,702 (31%) <0.05
Main diagnostic tests post-treatment, N (%)

Urea breath test 9544 (66%) 21,755 (62%) <0.05
Stool antigen test 1968 (13.6%) 5401 (15.4%) <0.05
Histology 715 (5%) 1529 (4%) <0.05
Treatment compliance, N (%) 12,938 (97%) 31,270 (97%) >0.05
First-line prescriptions, N (%)

Triple-therapy 4851 (42%) 12,492 (45%) <0.05
Quadruple-therapy 5182 (45%) 12,641 (46%) <0.05
Second-line prescriptions, N (%)

Triple-therapy 788 (43%) 2134 (45%) <0.05
Quadruple-therapy 956 (52%) 2393 (51%) <0.05
PPI potency in first-line treatment, N (%)

Low 5275 (46%) 12,312 (45%) >0.05
Standard 2726 (24%) 6831 (25%) >0.05
High 3516 (31%) 8539 (31%) >0.05
PPI potency in second-line treatment, N (%)

Low 750 (40%) 1691 (36%) <0.05
Standard 423 (23%) 1059 (23%) >0.05
High 705 (38%) 1983 (42%) <0.05
First-line treatment duration, N (%)

7 days 1583 (14%) 3170 (12%) <0.05
10 days 5700 (50%) 13,351 (49%) <0.05
14 days 4185 (37%) 11,019 (40%) <0.05
Second-line treatment duration, N (%)

7 days 75 (4%) 197 (4%) >0.05
10 days 1023 (56%) 2618 (56%) >0.05
14 days 744 (40%) 1881 (40%) >0.05
Adverse events

Overall, N (%) 3062 (23%) 8144 (25%) <0.05
Treatment cessation due to AEs, % 1.5% 1.2% >0.05

Table 1. Demographics, diagnostics, and treatment prescriptions in H. pylori management between older and
younger European populations. PPI—proton pump inhibitor. Significant p-values are in bold.

Scientific Reports|  (2023) 13:17235 | https://doi.org/10.1038/s41598-023-43287-4 nature portfolio



www.nature.com/scientificreports/

Younger adults (18-59 years) Older adults (> 60 years)

ITT % (95%
Treatment Use, N PP % (95% CI) mITT % (95% CI) | ITT % (95% CI) Use, N PP % (95% CI) mITT % (95% CI) | CI)
Effectiveness of first-line treatment prescriptions between the younger and older populations
Triple PPI+C + A 10,540 87 (86-87) 86 (85-87)* 67 (66-68)* 4065 88 (87-89) 87 (86-89)* 71 (69-72)*
Triple PPI+C+M 1150 86 (84-88) 86 (83-88) 68 (65-71) 491 83 (79-86) 83 (79-86) 71 (66-75)
Triple PPI+A+L 425 83 (79-87) 83 (78-86) 76 (72-80) 162 83 (75-88) 83 (76-89) 76 (69-82)
Quadruple " * " " * *
PPI+C+A+M 4199 90 (89-91) 89 (88-90) 86 (85-87) 1940 91 (90-93) 91 (90-92) 89 (87-90)
Quadruple
PPI+C+A+B 3489 92 (91-93) 92 (91-93) 76 (75-77) 1086 91 (89-93) 90 (88-92) 76 (73-79)
Quadruple
PPI+C4+A+T 309 98 (95-99) 96 (93-98) 92 (88-95) 127 96 (89-99) 92 (85-96) 86 (78-92)
Ezpl)esﬁegfmgle 3233 94 (93-95) 93 (92-94) 89 (87-90) 1519 94 (93-95) 93 (92-95) 89 (87-91)
Sequential C+A+T 1291 90 (88-92)* 90 (88-91)* 80 (78-82)* 623 94 (92-96)* 94 (91-96)* 85 (81-87)*
Sequential C+ A+M | 458 84 (80-87) 82 (78-86) 76 (72-80) 222 84 (78-89) 82 (76-87) 75 (69-81)
Effectiveness of second-line treatment prescriptions between the younger and older populations
Triple PPI+A+L 1422 83 (80-85) 82 (80-84) 74 (71-76) 524 80 (76-84) 80 (76-83) 73 (69-77)
Triple PPI+C+A 323 78 (72-83) 78 (72-83) 60 (54-65) 102 84 (74-91) 84 (74-91) 68 (58-77)
Triple PPT+A+R 105 80 (70-87) 79 (69-87) 68 (58-76) 49 82 (67-92) 82 (67-92) 74 (59-85)
Triple PPT+ A + Mx 105 92 (85-97) 92 (85-97) 90 (82-95) 35 87 (70-96) 87 (70-96) 77 (60-90)
Quadruple
PPI+A+L+B 584 89 (86-92) 89 (86-91) 73 (69-76) 225 86 (80-91) 86 (80-91) 75 (69-81)
Quadruple
PPI+C+A+M 234 84 (79-89) 84 (78-88) 80 (74-85) 91 86 (77-92) 86 (77-93) 83 (73-90)
Quadruple
PPI+ M4+ Tc+B 224 86 (80-91) 84 (78-88) 75 (69-81) 101 87 (78-93) 88 (79-94) 77 (68-85)
Quadruple " . " .
PPI+C+A+B 229 91 (85-96) 91 (85-95) 52 (45-59) 66 79 (64-89) 80 (66-90) 60 (47-72)
E;’Il)iﬁe()fmgk 843 89 (87-91) 89 (86-91) 83 (80-86)* 384 92 (89-95) 91 (88-94) 88 (84-91)*

Table 2. First- and second-line H. pylori treatment effectiveness in the younger and older European
populations. PP—per protocol, mITT—modified Intention-To-Treat, ITT—Intention-To-Treat, 95% CI—95%
confidence interval, PP[—proton pump inhibitor, C—clarithromycin, A—amoxicillin, M—metronidazole,
B—bismuth, T—tinidazole, L—levofloxacin, Tc—tetracycline, Mx—moxifloxacin, R—rifabutin. leleram: three-
in-one single-capsule containing metronidazole, tetracycline and bismuth. *Statistically significant differences
between the age groups, p <0.05.

The overall second-line treatment effectiveness was 84% both by PP and by mITT in the younger and older
subjects. The efficacy of the most popular second-line prescription PPI+ A +L was 80% by PP and by mITT in
the older adults group, whereas it was 83% by PP and 82% by mITT in the younger adults group (p >0.05 by
both analyses), meaning that it also achieved only suboptimal eradication rates. Optimal eradication rates in the
younger group were achieved by using triple PPI+ A + Mx (moxifloxacin) or quadruple PPI+ C+ A + B therapies
and in the older group only single-capsule bismuth quadruple therapy managed to reach optimal treatment
effectiveness. Statistically significant difference between the age groups in the second-line treatment effectiveness
was only reported when quadruple PPI+ C+ A + B therapy was used.

Multivariate analysis

The detailed multivariate analysis of the first- and second-line treatments is presented in Table 3. After perform-
ing the multivariate analysis it has been calculated that compliance with treatment, quadruple bismuth-based
prescriptions (including single-capsule bismuth quadruple therapy), longer treatment durations (14 days vs.
7 days; 10 days vs. 7 days), higher acid inhibition (high PPIs doses vs. low; medium PPIs doses vs. low), sequential
CAT/CAM, quadruple CAT/CAM and quadruple CAB prescriptions as well as belonging to older adults group
were the main factors associated with higher mITT cure rate in the first-line treatment.

In the second-line treatment the main factors associated with higher mITT rates were longer treatment
durations (14 days vs. 7 days; 10 days treatment vs. 7 days), good treatment compliance and higher PPIs doses
(high PPIs doses vs. low; medium PPIs doses vs. low). Compared to quadruple bismuth-based prescriptions
(including single-capsule bismuth quadruple therapy), Triple-AL and Conco-Seq prescriptions were associated
with significantly lower mITT rates.
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Figure 2. Comparison of the mITT effectiveness of 6 most frequent first-line prescriptions between the
younger and older adults.

Second-line Prescriptions Effectiveness by mITT, %

Effectiveness, %
wv
o

40 78
30
20
10
0
Triple PPI+A+L Triple PPI+C+A Quadruple Quadruple Quadruple Pylera® (single
PPI+A+L+B PPI+C+A+M PPI+M+Tc+B capsule)

W 18-59 years 260 years
mITT - modified Intention-to-Treat; PPl — proton pump inhibitor; C- clarithromycin; A — amoxicillin; M — metronidazole; B — bismuth; L — levofloxacin;

Tc — tetracycline; Pylera®: three-in-one single-capsule containing metronidazole, tetracycline and bismuth;

Figure 3. Comparison of the mITT effectiveness of six most frequent second-line prescriptions between the
younger and older adults.
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Variable ‘ OR ‘ 95% CI p-value
First-line treatment

Treatment compliance 7.34 | 6.12-8.80 <0.005
Quadruple bismuth-based prescriptions | 2.36 | 2.06-2.70 <0.005
14 days vs. 7 days treatment duration 1.73 | 1.54-1.95 <0.005
High PPIs doses vs. low PPIs doses 1.64 |1.48-1.80 | <0.005
Sequential CAT/CAM prescriptions 152 | 1.30-1.77 <0.005
Medium PPIs doses vs. low PPIs doses 142 | 1.27-1.57 <0.005
Quadruple CAT/CAM prescriptions 129 | 1.16-1.43 <0.005
10 days vs. 7 days treatment duration 1.17 | 1.05-1.31 <0.005
Quadruple CAB prescription 1.17 | 1.02-1.35 <0.05
Older adults group 1.13 | 1.05-1.12 <0.005
Second-line treatment

14 days vs. 7 days treatment duration 445 |3.21-6.17 <0.005
10 days vs. 7 days treatment duration 3.76 | 2.80-5.04 <0.005
Treatment compliance 3.56 |2.38-5.23 <0.005
High PPIs doses vs. low PPIs doses 2.17 | 1.80-2.61 <0.005
Medium PPIs doses vs. low PPIs doses 1.52 | 1.25-1.83 <0.005

Table 3. Independent variables associated with higher mITT rates in the first- and second-line treatments.
OR—odds ratio, 95% CI—95% confidence interval, PPIs—proton pump inhibitors, CAT—clarithromycin,
amoxicillin, tinidazole, CAM—clarithromycin, amoxicillin, metronidazole, CAB—clarithromycin, amoxicillin,
bismuth salts, mITT—modified intention-to-treat.

Compliance and safety

The treatment compliance was 97% in both groups. The overall AEs rate was lower in older subjects compared
to the younger adults (23%; 95% CI 24-26% vs. 25%; 95% CI 22-24% respectively, p <0.05), however severe AEs
were more frequent in older patients. The most frequent AEs in older and younger subjects were dysgeusia (7%
in both groups), nausea (7% and 8% respectively), diarrhea (6% and 8% respectively) and vomiting (2% and 3%
respectively). Most of the AEs were mild to moderate in intensity and lasted 7-14 days. The most frequent severe
AEs among the older and younger age groups were asthenia (23% and 11% respectively, p <0.05), anorexia (16%
and 10% respectively, p <0,05) and abdominal pain (8% and 7% respectively, p>0.05). Among the older adults
1.5% had to stop taking medications due to AEs, whereas it was 1.2% in the younger group (p > 0.05).

Discussion

In this study we have evaluated the differences of H. pylori diagnostics and treatment between the older and
younger European populations. We would like to point out that such analysis is one of only very few available
both evaluating an older-aged population and comparing it to younger subjects. Additionally, this is one of only
few studies providing data on such a large number of patients from all Europe and enabling more accurate data
and more reliable statistical results.

Our analysis confirmed the expected epidemiological hypothesis, regarding the baseline characteristics—
compared to the younger patients; more older subjects were taking concurrent medications and reported a higher
rate of allergy to penicillin. Even though a higher number of concurrent medications and higher rate of drug
allergies is usually associated with worse treatment compliance®>*, this was not confirmed in our study and had
no influence on the efficacy of the eradication therapy.

The diagnostics of H. pylori also complied with the current guidelines*!® and the study confirmed that the
invasive diagnostic methods (histology, RUT) were more frequent for the initial diagnosis of H. pylori prior to
the treatment and, as anticipated, some of these methods were also more common in the older population. For
the confirmation of eradication UBT was the preferred choice, followed by SAT in both age groups.

Most of the performed studies®*~” have revealed that quadruple therapies were superior to triple therapies
regarding the effectiveness and, in fact, our study has demonstrated that quadruple therapies were more fre-
quently prescribed for the first- and second-line treatment, in both age groups. The most frequent treatment
duration was 10-14 days in both age groups, in line with the current guidelines. Seven days duration treatment is
no longer recommended**”* and even though there were some cases with 7 days treatment duration in both age
groups, these cases were registered in the early years of the registry, as reported in previous Hp-EuReg research
and, also in accordance with the Maastricht V/Florence consensus report, updated in the year 2016, where 7 days
treatment duration was no longer recommended.

We could have expected that the doses of PPI might have been lower in the older population due to the higher
chance of possible AEs (e.g., diarrhea, Clostridioides difficile infection); however we did not find any significant
differences between the age groups regarding the PPI dose in the first line therapy and the differences in the
second-line were not clinically relevant. The multivariate analysis revealed that high doses of PPIs were associ-
ated with better mITT rate in the first- and second-line therapies; however, low doses of PPIs were prescribed
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most frequently in the first-line treatment in both age groups. We could speculate that some of the prescribing
gastroenterologists were not acquainted with the guidelines or were cautious of the possible AEs, especially in
older patients. On the other hand, we should also point out that there was a clear shift from low doses of PPIs
to high doses of PPIs throughout the duration of the Hp-EuReg. Low doses of PPIs were predominant in the
beginning of the registry up until the year 2017; however, since the year 2017, after the release of updated Maas-
tricht V/Florence consensus report, the rate of higher PPIs doses started increasing and is now predominantly
represented by high-dose PPIs—almost half of the Hp-EuReg cases®.

Concerning H. pylori eradication regimens, we can state that the use of the main first and second-line pre-
scriptions in the older and younger European populations met the recommendations of Maastricht V/Florence
consensus report. However, the most frequently prescribed first-line therapy in both age groups, in spite of
many countries with > 15% clarithromycin resistance rate, was standard triple therapy (PPI+C+ A). Levofloxa-
cin containing triple therapy was the most frequently used rescue regimen in both age groups, as previously
recommended.

One of the main goals of this research was to evaluate the effectiveness of main first- and second-line H.
pylori eradication regimens in the older and younger age groups. We have found that the overall first-line treat-
ment effectiveness was very close to optimal (= 90%) eradication rates in younger subjects (89% by PP and 88%
by mITT); whereas it was optimal by PP (90%) and very close to optimal by mITT (89%) in the older ones.
The effectiveness of the most popular first-line prescription - standard triple therapy (PPI+ C+ A) was subop-
timal in both age groups. Other triple therapies (PPI+C+ M, PPI+ A +L) did show even worse effectiveness.
Optimal eradication rates were achieved only by using bismuth and non-bismuth-based quadruple therapies
(PPI+C+A+B, PPI+C+ A +T and single-capsule bismuth quadruple therapy (Pylera®)) and the most popular
sequential therapy (PPI+C+ A +T) in both age groups. The optimal effectiveness of these treatment regimens
was also confirmed in other published studies**-*2. Statistically significant differences in the effectiveness between
the age groups were reported when standard triple therapy (PPI+C+ A), quadruple PPI+C+ A + M or sequential
PPI+C+ A +T therapies were used, while there were no differences in the remaining analysed prescriptions. In
this respect, it is worthwhile mentioning that even though there were statistically significant differences between
the age groups in various parameters, including the effectiveness of different prescriptions, these differences might
be clinically non-significant and should be interpreted with caution, as most of them ranged between 1-2% and
could be due merely to the very large sample size. Therefore, in most of the cases, we considered these differences
to be clinically irrelevant, even though statistically significant.

The overall effectiveness of second-line treatment was suboptimal (84%) both by PP and mITT in both age
groups. The effectiveness of the main second-line regimen (PPI+ A + L) was suboptimal in both age groups. In
fact, the only regimen that achieved optimal eradication rate in the older age group was the single-capsule bis-
muth quadruple therapy (Pylera’). In the younger group optimal eradication rates were achieved by using triple
PPI+ A + Mx and quadruple PPI+ C+ A + B prescriptions. In fact, the only statistically significant difference
in second-line treatment effectiveness between the older and younger adults was obtained with the previously
mentioned bismuth quadruple PPI+ C+ A + B prescription (80% vs. 91% by mITT respectively).

The multivariate analysis revealed the expected results — non-bismuth and, especially, bismuth-based quadru-
ple therapies (the most frequent being PPI+ C+ A + B, single capsule Pylera® and PPI + C + A + M) were associated
with better mITT cure rates in the first-line treatment as our effectiveness analysis revealed that most of these
bismuth-containing regimens achieved optimal or close-to-optimal eradication rates. This was also confirmed
in other studies**>***142 and the current guidelines are shifting towards bismuth-based quadruple therapies as
the main H. pylori treatment regimen* recommendation given clarithromycin resistance rates are increasing
worldwide?*344,

Another possible issue, which albeit was not confirmed in our study, was the possibility of worse treatment
compliance in older subjects. Even though the older-aged populations were associated with a higher number
of concurrent medications, the treatment compliance was very satisfactory in both age groups, reaching 97%.

Interestingly, the older adults experienced statistically significantly less AEs compared to the younger group;
however, we should consider whether this difference is really clinically relevant and may be due, as previously
stated, to the very large number of subjects in both age groups. Nonetheless, both age groups presented a similar
safety profile (77% of the older and 75% of the younger adults without any AEs), whereas severe AEs were slightly
more frequent in the older-aged subjects.

We can compare our study results to only a few other available similar studies. A Japanese study in the year
2019 also compared the diagnostics, efficacy and safety of H. pylori eradication between the age groups (younger
(<65 years), old (65-74 years), and super-old (=75 years)). The study reported similar indications (chronic gastri-
tis, PUD) for the eradication; however, the AEs rate in the old (9%) and super-old (12%) groups was significantly
lower as compared to those in our study. Compared to our analysis, this study also reported a better effectiveness
of the main standard triple therapy (PPI + A + C), which achieved optimal overall eradication rate (92%). When
comparing the age groups, super-old patients had a significantly less frequent indication of chronic gastritis but
more frequent indications of PUD compared to other groups. In this same Japanese study, the H. pylori eradica-
tion rates for older patients were not reported lower when compared to the younger patients. No remarkable
differences were seen among the groups for the efficacy of prescribed regimens, no significant differences were
observed in comparisons of AE rates among the groups®'. Another small Chinese study also analysed the efficacy
of H. pylori eradication between the age groups by using bismuth-based quadruple therapies for 14 days and
did not yield significant differences either in the ITT and PP analysis between the age groups. This study also
reported excellent eradication rates (>92%) in both age groups®.

One of the main weaknesses of our study is the possible heterogeneity of the data. The Hp-EuReg currently
includes 32 European countries and various regions might have different approaches to the management of H.
pylori infection, which could be affected by diverse factors, such as the availability of local antimicrobial resistance

Scientific Reports |

(2023) 13:17235 | https://doi.org/10.1038/s41598-023-43287-4 nature portfolio



www.nature.com/scientificreports/

rates, financial capabilities, availability of diagnostic methods, local antibiotics market as well as the knowledge
and objectivity of the gastroenterologists. Our study has included a very large European cohort; providing accu-
rate Pan-European data. Such is the case of previously published available studies from Hp-EuReg from different
European countries®, where, despite the aforementioned concerns, it has to be acknowledged that multicentre
collaboration gathering information on the daily routine of the gastroenterological practice is one of the best
ways to secure a critical mass of knowledge encompassing the inclusion of those even difficult-to-treat cases as
well as offering power to the statistical analyses.

Conclusions

In general, the approach to the diagnostics and treatment of H. pylori infection did not differ between the older
and younger European populations. The main differences were reported in the concurrent medications, allergy to
penicillin, AEs and the type of prescribed regimen (triple vs. quadruple) both in first- and second-line treatment,
which were generally well-tolerated in both age groups. The effectiveness of the most frequent first- and second-
line triple therapies in the younger and older populations was suboptimal (<90%) and optimal effectiveness
rates (>90%) were mostly achieved by using bismuth and non-bismuth-based quadruple therapies (quadruple
PPI+C+A+M, quadruple PPI+C+ A +B, quadruple PPI+ C+ A + T, single capsule bismuth quadruple Pylera®,
sequential C+ A + T for the first line first-line treatment; quadruple PPI+C+ A + B (only in the younger adults),
single capsule bismuth Pylera® for the second-line treatment). Although statistically significant, no clinically
relevant differences in the effectiveness between older and younger patients was observed in the most frequently
prescribed first- and second-line prescriptions.

Data availability

Data transparency statement: Raw data were generated at AEG-REDCap. Derived data supporting the findings
of this study are available from the Hp-EuReg Scientific Director and the PI of the project (OPN and JPG) upon
request. Data sharing statement: The data that support the findings of this study are not publicly available given
that containing information could compromise the privacy of research participants. However, previous published
data on the Hp-EuReg study, or de-identified raw data referring to current study, as well as further information
on the methods used to explore the data could be shared, with no particular time constraint. Individual partici-
pant data will not be shared.
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