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ABSTRACT

Background The role of Helicobacter pylori (H. pylori) screening and eradication on reducing upper gastrointestinal
py py g g upper g

bleeding (UGIB) complications after acute myocardial infarction (M) is uncertain. The HELicobacter pylori screening to prevent

gastrointestinal bleeding in patients with acute MI (HELP-MI SWEDEHEART) trial aims to determine whether systematic H.

pylori screening compared to usual care reduces UGIB, mortality, and cardiovascular outcomes after MI.

Methods A cluster randomized, crossover, registry-based clinical frial using SWEDEHEART as trial platform for study
population definition and source for data collection in combination with nationwide Swedish health data registries. Thirty-five
Swedish hospitals, organized into 18 clusters based on percutaneous coronary intervention networks, were randomized to
either routine H. pylori screening for adults with acute type-1 MI or usual care. After 1 year, a 2-month blanking period
was followed by a crossover to the alternate allocation for 1 year. The trial enrolment was concluded after one additional
year of registry-based follow-up. The primary endpoint is UGIB. Secondary endpoints include all-cause death, cardiovascular
death, readmission for MI, stroke, or heart failure. Endpoints will be reported combined (Net Adverse Clinical Events; Major
Adverse Cardiac or Cerebrovascular Events) and separately. The primary analysis will include all available follow-up time
corresponding fo a maximum follow-up time of 3 years and 2 months.

Conclusion HELP-MI SWEDEHEART aims to determine the utility of routine H. pylori screening fo reduce UGIB and
improve cardiovascular outcomes after MI. By integrating national registry follow-up data with a pragmatic trial design, it
has the potential to provide evidence for the effect of the implementation of routine H. pylori screening as part of acute Ml
care.

Trial Registration ClinicalTrials.gov, NCT05024864. (Am Heart ) 2025;286:66-74.)
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Background

The adoption of evidence-based therapies, particularly
the use of potent antithrombotic treatments, has sig-
nificantly reduced the incidence of recurrent ischemic
events in patients with acute myocardial infarction (MI)
over the past decades.! However, this progress has come
at a cost; an increased risk of bleeding, in particular
from the upper gastrointestinal tract.> > Upper gastroin-
testinal bleeding (UGIB) is not only a direct cause of in-
creased morbidity, mortality, and medical care costs but
may also lead to a higher risk of recurrent cardiovascular
events due to discontinuation of antithrombotic drugs.’

Optimizing the balance between preventing throm-
botic events and the risk of bleeding requires careful
management of risk factors. In addition to established
risk factors, chronic gastric infection with Helicobacter
pylori (H. pylori) may represent an overlooked modifi-
able risk factor for UGIB after MI.> Observational studies
support an increased UGIB risk in cardiology when H.
pylori infection coincides with antithrombotic therapy.®
Furthermore, chronic inflammation associated with H.
pylori infection might contribute to the progression of
atherosclerosis, plaque rupture, and ultimately, incident
ML’

Despite the lack of data derived from randomized clin-
ical trials, H. pylori screening and eradication are recom-
mended by expert consensus in gastroenterology guide-
lines for chronic use of aspirin or nonsteroidal anti-
inflammatory drug therapy® ° but are not considered
in current cardiology guidelines'*!? and practice.'® The
European and American Societies of Cardiology recom-
mend proton pump inhibitors (PPIs) in patients with
higher-than-average risk of gastrointestinal bleeding.'!’
12, 14 However, the net benefit of long-term PPI treatment
is unknown. In observational studies, long-term PPI treat-
ment has been associated with higher rates of cardiovas-
cular events,'®> but also chest infections,'® dementia,'”
and chronic kidney disease.'® 19

Results from the recent randomized controlled Heli-
cobacter Eradication Aspirin Trial (HEAT) demonstrated
a reduction in UGIB through systematic H. pylori eradi-
cation in individuals taking low-dose aspirin who tested
positive for H. pylori. However, the event rate was lower
than expected, and the observed effect was only tran-
sient, diminishing after 2.5 years of follow-up.?’ This un-
derscores the need for further studies to identify the op-
timal target population and timing for implementing a
routine H. pylori screening strategy to prevent UGIB in
individuals on antiplatelet therapy.> *!

In summary, the utility of H. pylori as a risk factor
for UGIB and recurrent cardiovascular events in patients
with MI on potent antithrombotic medication remains
uncertain. Therefore, we are conducting a randomized
trial to determine the utility of routine H. pylori screen-
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ing to reduce UGIB and improve cardiovascular out-
comes in this high-risk population after MI.

Methods/Design
Study design and objectives

HELP-MI SWEDEHEART (HELicobacter pylori screen-
ing to prevent gastrointestinal bleeding in myocardial
infarction [NCT05024864] Swedish Web system for en-
hancement and development of evidence based care
in heart disease evaluated according to recommended
therapies®®) is a prospective, open-label, cross-sectional
2-period (each 1 year) 2-sequence cluster randomized
crossover (CRXO), registry-based, clinical trial (RRCT)
designed to evaluate the effectiveness of routine H. py-
lori screening to reduce UGIB complications after acute
MI. The primary objective of HELP-MI SWEDEHEART is
to determine whether systematic H. pylori screening sig-
nificantly reduces the incidence of UGIB after acute MI.
Secondary objectives assess whether systematic screen-
ing for H. pylori significantly reduces all-cause death or
cardiovascular outcomes. The hypothesis is that H. py-
lori infection is a causal and reversible factor contribut-
ing to post-MI UGIB. It is anticipated that H. pylori di-
agnosis and eradication in patients with MI who test
positive could reduce UGIB risk, enhance adherence to
secondary prevention, and improve cardiovascular out-
comes. In addition, health economic assessment of rou-
tine H. pylori screening during hospitalization for acute
MI will be performed using cost-effectiveness modeling
and evaluate functional status including health-related
quality of life (HRQoL).

Study population

All patients admitted at a study site during the study
periods with a diagnosis of type-1 MI and registered in
SWEDEHEART were included.

The 40 largest hospitals in Sweden providing acute
coronary care were invited to participate. To reduce the
risk of crossover of individuals from participating hospi-
tals randomized to different trial periods (cluster period
contamination), trial sites were distributed into 18 clus-
ters based on percutaneous coronary intervention net-
works before the randomization was performed by an in-
dependent statistician. The clusters were allocated 1:1
to H. pylori screening followed by no H. pylori screen-
ing, or no H. pylori screening followed by H. pylori
screening, using a single computer-generated randomly
permuted block, ensuring no more than one additional
hospital in either treatment sequence. Each study period
lasted one year. H. pylori analyzer units were only avail-
able in the hospitals during the H. pylori screening pe-
riod and were then relocated (Figure 1).
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Figure 1. Study flow chart.
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Intervention and control group

The intervention was routine H. pylori screening of all
patients with type-1 MI at hospitals within clusters ran-
domized to screening. H. pylori infection was diagnosed
using a bedside '*C-urea breath test (UBT) as a part of MI
routine care during the hospitalization period (details in
appendix). All patients hospitalized at participating de-
partments in clusters with screening received informa-
tion, whereas decisions based on the H. pylori screening
result were individually taken and communicated by the
caring physician. All H. pylori analysis equipment was
supplied by the study organizers, and all centers used the
same equipment (Kibion® Diabact®, Mayoly Spindler,
Chatou, France).

For patients testing H. pylori positive, eradication ther-
apy was prescribed at the caring physician’s discretion.

The individual implementation of H. pylori screening,
test result, and eradication therapy prescription were
recorded in SWEDEHEART?? (details in appendix), allow-
ing a secondary as-treated analysis. Control of success-
ful H. pylori eradication therapy with either UBT or H.
Dylori-antigen in feces 6 weeks after completed eradica-
tion therapy was recommended to the treating physician
but not centrally followed up.

To assess the adherence to H. pylori screening clusters
during screening periods, an online survey was sent out
to participating sites to assess reasons for the failure of
routine H. pylori screening (details in appendix) after the
screening period was completed.

At hospitals within clusters randomized to no screen-
ing, all MI patients received usual care without routine H.
pylori screening and were followed in national registries
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as described below. During the period without H. pylori
screening, the studys UBT equipment was not available,
thus limiting a potential carryover effect.

Power calculations

From an existing database encompassing 84 090 pa-
tients with acute MI between 2012 and 2016 (SWEDE-
HEART merged with the National Patient Registry)** we
found severe UGIB after MI to occur in 2.5% and increas-
ing up to 4% in elderly patients during a median follow-
up of 2 years in line with follow-up time for the planned
trial. From the same population, we have subsequently
reported an incidence rate of severe UGIB of 1.5% after
1-year follow-up.” Based on the HELP-MI SWEDEHEART
pilot study, the prevalence of an active H. pylori infection
in a contemporary MI cohort was found to be around
20%.%* Assuming that H. pylori infection in combination
with antithrombotic therapy yields at least a 3-fold in-
creased bleeding risk,® and that screening of H. pylori,
assuming subsequent eradication in the case of a positive
result, reduces this risk to the same level as in uninfected
patients, we anticipate at least a 30% relative risk reduc-
tion in the group screened for H. pylori. The anticipated
effect size of a hazard ratio of 0.70 was based on consen-
sus in the steering group including gastroenterologists
and cardiologists. Data were simulated using the pro-
posed cluster-randomized crossover study design with 2
years of patient inclusion followed by an extra year of
follow-up. Simulation of cluster randomization to screen-
ing during either the first or the second period was per-
formed on data from the originally planned 36 partici-
pating hospitals in the database with a total of 11,544
screened and 11,544 control patients (based on admis-
sion rates for 2016) included uniformly so that the distri-
bution of age and hospital size was preserved. For each
patient, an event time for UGIB was simulated separately
using a Weibull distribution to account for the fact that
the risk seems to be the largest closest to the index MI
and decreases thereafter. All parameters were estimated
from the study database and each simulated data set was
analyzed using the proposed cluster-summary method.
Given the assumptions outlined above, the simulation of
the primary analysis using 1-2 years of follow-up yielded
an 87% power to detect a hazard ratio of 0.70 when com-
paring screening with no screening.

Outcomes

All clusters will be analyzed as randomized, irrespec-
tive of whether individual patients underwent screening,
in accordance with the intention-to-treat (ITT) principle.
All endpoints in HELP-MI SWEDEHEART are summarized
in Figure 2 and listed in detail in Supplementary Table 1.

The primary endpoint is UGIB defined by the appear-
ance of ICD codes obtained from the mandatory National
Patient Register including ICD codes from all in-patient

Hofmann et al 69

and specialized outpatient visits in Sweden,?> previously
found to have a high validity for gastrointestinal bleeding
events (sensitivity 82.3%, specificity 99.3%, positive pre-
dictive value 98.1%, negative predictive value 93.1%).%¢
No central adjudication of events will be performed.

Secondary endpoints are all-cause and cardiovascular
mortality, rehospitalization with MI, hospitalization with
stroke or heart failure, and UGIB requiring blood trans-
fusion. Secondary endpoints will be reported individu-
ally and as composite endpoints (1. Net Adverse Clinical
Events [NACE]: All-cause death, UGIB, rehospitalization
with MI, or stroke; 2. Major Adverse Cardiac or Cere-
brovascular Events [MACCE]: Cardiovascular death, re-
hospitalization with MI, or hospitalization for stroke) to
include clinically most important outcomes and increase
statistical power.

MI during the initial hospital stay and readmission due
to a nonfatal MI during the first month will not be cen-
trally adjudicated but were established by the treating
cardiologist, and directly registered in SWEDEHEART.
The registry provides instructions on how to define a
Type 1 MI following the 4th Universal Definition of My-
ocardial Infarction,”’ and the validity of MI diagnoses
compared to health registries is high.?*> After day 31, re-
hospitalization for MI will be captured in the National
Patient Register.

All-cause death will be obtained from the Swedish Pop-
ulation Register, including the vital and emigration sta-
tus of all Swedish residents,?® and the National Cause of
Death Register which is a high quality virtually complete
nationwide register of all deaths in Sweden since 1952.%°

Cardiovascular death as the primary cause of death will
be obtained from the National Cause of Death Register.
Hospitalization for heart failure and stroke will be ob-
tained from the National Patient Register.?

UGIB requiring blood transfusion will be obtained the
Scandinavian Donations and Transfusions (SCANDAT)
database which has complete coverage of blood trans-
fusions in Sweden.*’

All ICD codes for the above-mentioned diagnoses are
summarized in Supplementary Table 2.

Tertiary endpoints include symptoms, HRQoL, health
economy, and changes in blood glucose and blood lipids
during follow-up (details available in appendix).

Health economics based on cost-effectiveness analysis
will be performed after one year and include long-term
modeling.

Multiple prespecified subgroup analyses will be per-
formed as well as secondary per-protocol and as-treated
analyses (appendix for details).

The linkage with the National Patient Registry, the Na-
tional Cause of Death Registry, the National Prescribed
Drug Registry (prescribed and dispensed treatments),’’
and Statistics Sweden (socioeconomic data) will be done
at the end of follow-up.
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Figure 2. UGIB denotes upper gastrointestinal bleeding; NACE, net adverse clinical events; MAE, major adverse event; MACCE,
major adverse cardiovascular or cerebrovascular event; CV, cardiovascular; MI, myocardial infarction; PROM, patient reported

outcome measures.
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Ethical approval

HELP-MI SWEDEHEART is an investigator-initiated trial
conducted under the Declaration of Helsinki, approved
by the Swedish Ethical Review Authority (2020-01885,
2024-03095-02). The intervention consisted of a nonin-
vasive H. pylori diagnostic strategy with minimal to neg-
ligible risk to individuals in participating clusters. Since
allocation to H. pylori screening was carried out in clus-
ters, and not at an individual level, informed consent for
randomization was waived. Individual consent to carry
out the H. pylori screening test was obtained in clini-
cal practice but without study-specific documentation.
Since the treatment of H. pylori infection was at the dis-
cretion of the caring physician to prescribe medications
according to current treatment recommendations, the
trial protocol intervention includes only the diagnostic
strategy. As the HELP-MI SWEDEHEART trial implements
a well-established noninvasive diagnostic test in clinical
post-MI routine, no study-specific safety assessment was
performed. The group randomized to care without H.
pylori screening received usual care according to clini-
cal practice. No intervention took place, and no study-
specific contact was made with the individuals.

All patients hospitalized at participating clusters were
informed about data collection and their right to opt-
out. The H. pylori screening test result and treatment
were registered in SWEDEHEART. All data linkages were

granted and performed by the National Board of Health
and Welfare and Statistics Sweden.

Statistical analyses

All enrolled patients discharged alive will be included
in the primary ITT analyses. Secondary per-protocol and
as-treated analyses will be performed at a later stage. Nu-
merical variables will be presented in terms of mean
and standard deviation, and also as median and quar-
tiles. Categorical variables will be presented as counts
and percentages. The primary and secondary endpoints
are time-to-event endpoints (Supplementary Table 1). Pa-
tients will be censored for death if not part of the event.
The primary analysis will include all available follow-
up time, which ended on January 17, 2025. This cor-
responds to a maximum follow-up time of 3 years 2
months, and a minimum of 1 year. Other follow-up times
will be analyzed in sensitivity and supplementary analy-
ses (see appendix).

For each endpoint, the number of events, total person-
time (time until event or censoring), and incidence rate
(number of events per person-time) will be presented
in tables. This will be done per cluster-period, and also
per trial arm (screening/no screening). In addition, cu-
mulative hazard plots will be presented with one curve
for each trial arm. The primary analysis is a cluster-
summary analysis. Next, a negative binomial model will
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be fitted with the number of events as the dependent
variable, and intervention (screening/no screening), pe-
riod (first/second), and cluster as fixed independent vari-
ables. In addition, the logarithm of the total cluster-
period person-time will be added as an offset. The results
will be presented as a rate ratio for screening with a 95%
confidence interval (CI) and a 2-sided P-value for the null
hypothesis of no screening effect. In a secondary sensi-
tivity analysis, the outcome will be analyzed using Cox
proportional hazards models. These models will include
cluster and cluster-period as gamma-distributed random
effects. The models will be fitted both without further
adjustment and with adjustment for sex and age. The re-
sults will be presented as hazard ratios with 95% CIs and
P-values for the null hypothesis of no treatment effect.
The primary analysis (cluster summary using all follow-
up time) of the primary and secondary endpoints will be
adjusted for multiplicity using a hierarchical strategy, or-
dering the endpoints according to Supplementary Table
1.

Prespecified subgroup analysis to determine the het-
erogeneity of treatment effect will be performed (details
in the appendix, including Supplementary Tables 3 and
4) but not all included in the primary report. Analyses of
tertiary endpoints encompassing individuals <80 years
of age who participated in the SWEDEHEART follow-up
are also described in the online appendix.

A detailed statistical analysis plan with prespecified
analyses will be published alongside the primary report.

Study organization and data safety monitoring
board

Karolinska Institutet, Stockholm, Sweden, is the spon-
sor of this investigator-initiated trial. The steering group
consists of experts from 10 centers across Sweden, in-
cluding cardiologists and gastroenterologists. Uppsala
Clinical Research Center, Uppsala University, Sweden
provides project and data management, and statistical
support. No data safety monitoring board has been ap-
pointed.

Timelines

Clusters were randomized on July 30, 2021. Study en-
rolment for phase 1 started on November 17, 2021.
Crossover to the opposite strategy occurred one year
later, on November 17, 2022, followed by a blanking pe-
riod for device installation and site initiation. Active H.
pylori screening in phase 2 started on January 17, 2023,
and was completed on January 17, 2024, finalizing enrol-
ment. The follow-up phase continued until January 17,
2025, which was the date for study closure. To account
for a delay in reporting data to the National Board of
Health and Welfare, SWEDEHEART data will be merged
with the other nationwide Swedish health data registries
after April 17, 2025.
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Discussion

The HELP-MI SWEDEHEART trial aims to determine
whether routine screening for H. pylori in patients fol-
lowing MI can prevent UGIB, improve CV outcomes and
overall prognosis. Given the increasing incidence of ad-
verse bleeding events and worse associated cardiovascu-
lar outcomes in MI patients,” and the increasing focus on
optimizing the ischemia-bleeding balance,'? this trial is
anticipated to provide valuable evidence on the role of
H. pylori as a modifiable risk factor for UGIB complica-
tions post-MI.

To assess the prevalence of active H. pylori infection
in a contemporary MI cohort and to evaluate the feasibil-
ity of incorporating H. pylori diagnostics into routine MI
care, we performed a multicenter prospective pilot study
of 310 consecutive MI patients, and could show that ac-
tive H. pylori diagnosed by bedside UBT was prevalent
in 20% of the patients,”* about twice as common as in
the overall Swedish population.’* Importantly, H. pylori
screening was feasible in clinical routine during MI hospi-
talization. Furthermore, smoking, lack of PPI use, and ST
elevation MI were more common in patients with MI test-
ing positive for H. pylori. After censoring patients with
concurrent PPI use, H. pylori prevalence increased to
24%. Overall, 34% of patients were PPI treated,”* which
is in line with data from similar healthcare settings.'® Pre-
specified subgroup analyses of individuals with or with-
out concomitant PPI treatment before enrolment as well
as after discharge are planned to assess this aspect.

The numbers from the latter study position Sweden at
the lower end of the global H. pylori infection preva-
lence, which is substantially higher in for example Africa,
Asia, and South America.>?

The HEAT study reported an active H. pylori infection
in 18% of 30,166 British individuals,?® in line with the
results from our pilot study.”* These findings reinforce
H. pylori as a common risk factor for bleeding complica-
tions from cardiovascular preventive actions. The HEAT
investigators demonstrated for the first time a significant
reduction in UGIB by routine H pylori screening and
eradication.’® However, due to several limitations and
study-specific aspects, the interpretation of the trial re-
sults and the application of the H pylori test-and-treat
strategy to clinical practice remain controversial.> %' In
particular, the loss of bleeding protection beyond 2.5
years of follow-up remains unclear. One important con-
tributing reason to this finding may be the overall low-
risk population enrolled in the trial: only long-term low-
dose aspirin users were eligible which excluded individ-
uals newly initiated on aspirin who likely have the high-
est risk of bleeding.>* This aspect was reflected in the
lower-than-expected bleeding event rate which led to the
early termination of the trial. Moreover, only a negligible
number of patients were on dual antithrombotic therapy
commonly used in secondary prevention strategies after
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cardiovascular events. Targeting patients with a strong in-
dication for potent antiplatelet therapy but also a higher
risk of UGIB may optimize the risk-benefit ratio of a rou-
tine H. pylori screening approach.

Whereas HEAT addressed the efficacy of H. pylori erad-
ication in unselected, chronic aspirin users in primary
care, HELP-MI SWEDEHEART aims to determine the ef-
fectiveness of routine H. pylori screening to reduce UGIB
and cardiovascular complications after acute MI on po-
tent antithrombotic medication. By using a pragmatic,
cluster-randomized design with registry-based follow-up
performed as part of routine clinical practice, we antici-
pate a study population close to the underlying popula-
tion, and thus, generalizable results. Furthermore, effects
on secondary cardiovascular outcomes and death as well
as tertiary outcomes, such as symptoms and quality of
life measurements, will contribute to the interpretation
of the results. Finally, health economic assessments are
scheduled to inform stakeholders and policy makers.

Beyond the scope of the trial, HELP-MI SWEDEHEART
will fuel the recently raised notion of “gastro-cardiology”,
in which H. pylori infection in addition to bleeding risks
possibly contributes to residual CV risk from chronic sys-
temic inflammation.>> The reverse association, e.g. in-
creased MI risk after GI bleeding has also received atten-
tion for its consequences for the clinical presentation,
comorbidities, invasive revascularization strategies, and
post-MI prognosis® as well as tailoring of antithrombotic

therapy in CVD with gastrointestinal comorbidities.>”>3®

Conclusion

HELP-MI SWEDEHEART aims to add important evi-
dence regarding the potential implementation of routine
H. pylori screening to reduce UGIB complications and
improve cardiovascular outcomes after MI.
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