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BACKGROUND: A discrepancy exists between the European and American guideline recommendations for the routine
use of proton pump inhibitors (PPIs) in patients treated with dual antiplatelet therapy (DAPT).

AIMS: This study aimed to determine the association between the co-prescription of PPIs and DAPT and the
occurrence of gastrointestinal bleeding and ischaemic events in patients with acute myocardial infarction (AMI)
undergoing percutaneous coronary intervention (PCI).

METHODS: A search was conducted using a nationwide Korean claims database to identify patients with AMI
undergoing PCI with DAPT. Patients were matched using a large-scale propensity score (PS) algorithm according to
the co-prescription of PPIs. The primary efficacy endpoint was major gastrointestinal bleeding requiring transfusion
with hospitalisation within 1 year. The primary safety endpoint was major adverse cardiac and cerebrovascular
events (MACCE), a composite of cardiovascular death, spontaneous myocardial infarction, repeat revascularisation
and ischaemic stroke within 1 year.

RESULTS: Among the total population, 30.0% of patients (n=35,566) received PPIs with DAPT after PCI for AMI.
After PS matching, 35,560 pairs were generated. Compared to patients without PPIs, those on PPIs were associated
with a significantly lower 1-year risk of major gastrointestinal bleeding (0.7% vs 0.4%, hazard ratio [HR] 0.59, 95%
confidence interval [CI]: 0.48-0.73). The 1-year risk of MACCE did not differ significantly between the groups with
or without PPIs (13.4% vs 13.1%, HR 0.98, 95% CI: 0.94-1.02). The beneficial effects of PPIs on gastrointestinal
bleeding, without increased risk of cardiovascular events, were observed consistently, regardless of P2Y,, inhibitor
type, PPI type, or individual bleeding risk.

CONCLUSIONS: In real-world data from a large study of East Asian patients with AMI undergoing PCI and maintaining
DAPT, PPI use significantly reduced the risk of major gastrointestinal bleeding without increasing ischaemic events,
irrespective of bleeding risk or type of P2Y,, inhibitor. (ClinicalTrials.gov: NCT06241833)

KEYWORDS: acute myocardial infarction; dual antiplatelet therapy; gastrointestinal bleeding;
major adverse cardiac and cerebrovascular events; proton pump inhibitor
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cross the spectrum of patients with acute myocardial
Ainfarction (AMI) undergoing percutaneous coronary

intervention (PCI), maintenance of 1-year dual
antiplatelet therapy (DAPT) with aspirin and a P2Y, inhibitor
is the standard care'3. In particular, the development of
potent P2Y,, inhibitors, including prasugrel or ticagrelor, has
led to their preferred use over clopidogrel in patients with
AMI to reduce further ischaemic events, but concerns about
the risk of bleeding have increased*. In this regard, the
European Society of Cardiology (ESC) guidelines recommend
co-prescribing a proton pump inhibitor (PPI) with DAPT
as a Class T recommendation to help reduce the risk of
gastrointestinal (GI) bleeding, which is the most common
bleeding focus during the administration of DAPT7”S.

However, several studies have raised concerns that PPIs
might reduce the antiplatelet activities of clopidogrel, possibly
through the inhibition of cytochrome P450-2C19 (CYP2C19)
isoenzyme, and thereby interfere with the conversion of
clopidogrel into its active metabolite’'2. Although the
Clopidogrel and the Optimization of Gastrointestinal Events
trial (COGENT-1) indicated that the prophylactic use of PPIs
in patients on DAPT, comprising aspirin plus clopidogrel, had
gastrointestinal (GI)-protective effects and did not increase
cardiovascular events, the trial was limited because it used
a single PPI, omeprazole, and was stopped early'>. Furthermore,
there was limited evidence on the effects of PPIs on GI bleeding
events in patients with AMI who continued potent P2Y ,
inhibitor-based DAPT after PCI. Although substudies from the
Study of PLATelet Inhibition and Patient Outcomes (PLATO)
and the Trial to Assess Improvement in Therapeutic Outcomes
by Optimizing Platelet Inhibition with Prasugrel-Thrombolysis
in Myocardial Infarction 38 (TRITON-TIMI 38) identified the
effect of PPIs in prasugrel or ticagrelor users, conflicting results
regarding ischaemic events were obtained, and neither study
showed a reduction in bleeding events!*!*. This is probably due
to the failure to address the confounding factors of higher PPI
use in patients at higher bleeding risk.

Therefore, we emulated a target trial'® to determine the
effect of PPIs on GI bleeding and cardiovascular outcome in
AMI patients maintained on DAPT after PCI and to confirm
the interaction between the type of P2Y,, inhibitor and the
use of PPIs, using a large nationwide cohort.

‘ Editorial, see page €200

Methods

DATA SOURCES

This study was a nationwide retrospective analysis of the
National Health Claims database established by the Korean
National Health Insurance Service (K-NHIS). The K-NHIS
database represents the entire population of Korea'’, and all
citizens are continuously enrolled unless they are ineligible
because of emigration or death. This database contains

Impact on daily practice

In a retrospective nationwide cohort study that included
35,560 propensity score-matched pairs, the use of proton
pump inhibitors (PPIs) was associated with a lower risk of
major gastrointestinal bleeding after 1 year. There was no
significant difference in the risk of major adverse cardiac
and cerebrovascular events (a composite of cardiovascular
death, spontaneous myocardial infarction, repeat
revascularisation, and ischaemic stroke) between the use
of dual antiplatelet therapy (DAPT) with or without PPIs.
The beneficial effects of PPIs on gastrointestinal bleeding,
without an increased risk of cardiovascular events, were
observed consistently, regardless of P2Y,, inhibitor type,
PPI type, or individual bleeding risk. These findings
promote routine PPI use in patients on DAPT.

all Korean healthcare information, including diagnoses,
prescriptions, and surgical procedures.

STUDY PARTICIPANTS

Among the 52 million Korean citizens included in the
K-NHIS database, we identified 161,825 adult patients (aged
40-80 years) who underwent PCI for AMI and were treated
with either clopidogrel, prasugrel or ticagrelor in combination
with aspirin, between January 2013 and December 2020. In
accordance with the eligibility criteria of the COGENT-1 trial,
we excluded patients who had received a PPI, an H2-receptor
antagonist, sucralfate or misoprostol within 30 days of admission
(N=5,304); pre-existing active malignancy (N=8,411); a history
of red blood cell (RBC) transfusions (N=3,383); or an RBC
transfusion at index admission for AMI (N=11,313). Patients
with severe conditions, including those who experienced
cardiogenic shock (N=930) or had a length of stay exceeding
14 days (N=13,878), were also excluded. Additionally,
patients who received other discharge medications that could
affect bleeding, such as an oral anticoagulant (N=5,039) or
H2-receptor antagonist (N=12,888), were excluded. Since study
participants could have more than one exclusion criterion, the
final sample size was 118,420 (Figure 1).

MEASUREMENTS
All procedures and prescriptions (mapped to the Anatomical
Therapeutic Chemical classification system) were coded using
domestic codes. Diagnoses are coded using the International
Classification of Diseases, 10" revision (ICD-10). As
the K-NHIS routinely audits the claims, such data are
considered reliable and are used in numerous peer-reviewed
publications!®?,

This study compared the outcomes between patients who
received a combination of aspirin and clopidogrel, prasugrel or
ticagrelor as DAPT along with a PPI and those who received

PCI  percutaneous coronary intervention
proton pump inhibitor

Abbreviations

AMI  acute myocardial infarction HBR  high bleeding risk

DAPT dual antiplatelet therapy MACCE major adverse cardiac and PPI
Gl gastrointestinal cerebrovascular events
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Impact of PPIs in post-MI patients taking DAPT

Hospitalised patients aged 40 to 80 years who underwent percutaneous coronary intervention for
acute myocardial infarction and were prescribed either clopidogrel, prasugrel, or ticagrelor in combination
with aspirin at discharge, between January 2013 and December 2020 (N=161,825)

Exclusion (N=43,405)

— Previous use of a PPI, an H2-receptor antagonist, sucralfate, or misoprostol within 30 days
before admission (N=5,304)

— Pre-existing cancer (N=8,411)

— History of RBC transfusion (N=3,383)

— RBC transfusion at index hospitalisation (N=11,313)

— Cardiogenic shock (N=930)

— Length of stay more than 14 days (N=13,878)

— Oral anticoagulant prescription at discharge (N=5,039)

— H2-receptor antagonist prescription at discharge (N=12,888)

| Eligible participants (N=118,420) |

/\

| Without PPI (N=82,854) |

| Notmatched (N=47,294)  |«——

A 4

| Without PPI (N=35,560) |

1:1 propensity score matching

| WithPPI(N=35566) |

—| Not matched (N=6) |

A 4

| WithPPI(N=35560) |

Figure 1. Study flowchart. PPI: proton pump inhibitor; RBC: red blood cell

DAPT without a PPL For the subgroup analysis of the P2Y
inhibitor type, patients were classified into two groups based on
their discharge medication: clopidogrel or prasugrel/ticagrelor.
Patients who were prescribed both clopidogrel and prasugrel
or ticagrelor as discharge medication were reclassified based on
their prescribed medication at the next visit. Co-prescription
of a PPI was defined as the presence of a prescription for
dexlansoprazole, esomeprazole, lansoprazole, omeprazole,
pantoprazole, or rabeprazole as a discharge medication, which
is defined as a prescription of at least 2 days at discharge.
In assessing compliance, we examined the percentage of
patients who were both alive and consistently using a specific
medication at a given point in time.

Baseline characteristics included age, sex, health-related
behaviours, and comorbidities. Details of the data collection
process and definitions of covariates are presented in
Supplementary Appendix 1. Comorbidities, including history
of myocardial infarction (MI), chronic heart failure, diabetes
mellitus, hypertension, hyperlipidaemia, GI ulcer, anaemia,
liver cirrhosis, chronic kidney disease with dialysis, stroke,
and intracranial haemorrhage, were defined by diagnosis
codes, prescription records, and inpatient and/or outpatient
hospital visits within 1 year of admission (Supplementary
Table 1). A high bleeding risk (HBR) was defined by the
Academic Research Consortium (ARC)%.

ENDPOINTS

The primary efficacy endpoint was major GI bleeding, which
was defined as hospitalisation, or an emergency room visit
with diagnostic codes in the primary position and transfusion

receipt. The definition demonstrated a positive predictive
value of 92% for GI bleeding in a previous validation study?'.
Furthermore, we incorporated incidents of major or minor GI
bleeding that necessitated hospitalisation, regardless of whether
transfusion was required, as a secondary efficacy endpoint.

The primary safety endpoint was major adverse cardiac
and cerebrovascular events (MACCE), which was defined as
a composite of cardiovascular death, spontaneous MI, repeat
revascularisation, and ischaemic stroke. Vital status and cause
of death were obtained from death certification data collected
by Statistics Korea's. Cardiovascular death was defined
by the presence of cardiovascular disease codes (I00-178).
Spontaneous MI (121-122) was defined by the presence of the
diagnostic codes in the primary position during hospitalisation.
In a validation study, the accuracy of diagnosis of MI in
K-NHIS data was 93%22. Repeat revascularisation was defined
by the presence of procedure codes for PCI or coronary artery
bypass grafting after the index date. Ischaemic stroke was
defined by the presence of the diagnostic codes for ischaemic
stroke (I63-164) in the primary position during hospitalisation
with imaging procedures. The secondary safety endpoints were
the individual components of the primary endpoint.

STATISTICAL ANALYSIS

The propensity score (PS) was estimated in each emulated
cohort to minimise the systematic differences in the baseline
characteristics between the two groups. All covariates from
claims data were included in the logistic regression model to
estimate the probability of receiving treatment, conditional to
their covariates. To minimise this bias, we implemented a 1:1
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PS nearest-neighbour matching with a calliper width of 0.1
on the PS scale?. Differences in baseline covariates between
the two groups were evaluated using an absolute standardised
difference, with a value of >0.1 indicating a significant
difference?. In addition, a sensitivity analysis was conducted
using inverse probability treatment weighting with the PS.

The intention-to-treat approach was implemented,
investigating the efficacy of the randomised assigned
treatment, regardless of treatment adherence. To mimic
this approach, patients were assigned to the “with PPI” or
“without PPI” group, based on whether they were prescribed
a PPI as their discharge medication, and matched for baseline
covariates. Patients were followed up from the index date
until outcome occurrence, death, the end of the study period
(31 December 2021) or a prespecified time interval (1 year
after PCI). Within the matched cohort, 1-year cumulative
incidences of each endpoint were estimated using the Kaplan-
Meier method, and log-rank tests were used to evaluate
differences between groups. We calculated hazard ratios
(HRs) with 95% confidence intervals (ClIs) for the incidence
of adverse events using the Cox regression model. We used
robust standard errors to calculate the CI, given the matching
data. We examined the proportional hazards assumption
using plots of the log-log survival function and Schoenfeld
residuals. Furthermore, we conducted subgroup analyses by
age, sex, diabetes mellitus, type of P2Y,, inhibitor, history
of GI ulcer and the presence of HBR*. Considering the low
compliance of PPI in real-world data, a per-protocol analysis
was also performed, which included only those patients who
did not change group during the 1-year observation period.

All analyses were conducted using the SAS Enterprise Guide
(version 7.1 [SAS Institute]) and R 4.1.2 (R Foundation for
Statistical Computing). A 2-tailed p-value of <0.05 was
considered statistically significant.

Results

BASELINE CHARACTERISTICS

Among 118,420 eligible participants, 30% (N=35,566)
received a PPI along with DAPT as discharge medication. The
mean age of the total population was 61.2 years, and 83.2% of
patients were male. In a comparison of the entire cohort before
emulating the COGENT-1 trial, eligible participants were
more likely to be younger, to have a lower risk of bleeding,
and to have received fewer prescribed discharge medications
(Supplementary Table 2). Compared to AMI patients undergoing
PCI on DAPT without PPI, those with PPIs were older, less
likely to be male, and more likely to have a history of GI ulcer
and ARC-HBR (Supplementary Table 3). After PS matching,
35,560 patients were assigned to the groups with and without
PPI (Figure 1). There was no evidence of inequality in baseline
characteristics, comorbidities, or medication history between
the “with PPI” and “without PPI” groups (all standardised
mean differences were <0.1) (Table 1). Compliance of PPIs,
aspirin, and P2Y,, inhibitors at 1 year were 55.2%, 52.6%,
and 50.0%, respectively.

EFFICACY ENDPOINTS

At 1 year, the group with PPIs had a significantly lower
incidence of major GI bleeding requiring transfusion compared
to the group without PPIs (0.7% vs 0.4%, HR 0.59, 95%

Eurolntervention 2025;21:€229-2239 ¢ Danbee Kang et al.

CIL: 0.48-0.73) (Table 2, Figure 2A). In the patients who were
prescribed aspirin with clopidogrel (HR 0.62, 95% CI: 0.45-
0.86) (Figure 2B) and in those prescribed aspirin with prasugrel
or ticagrelor (HR 0.58, 95% CI: 0.44-0.76) (Figure 2C), PPI
use was significantly associated with a lower risk of major GI
bleeding requiring transfusion (Table 2). In subgroup analysis,
the efficacy of PPIs was consistently observed in all subgroups,
including the type of P2Y , inhibitor (p for interaction=0.75),
presence of HBR (p for interaction=0.49), and history of
GI ulcer (p for interaction=0.21) (Supplementary Figure 1A).
Furthermore, the beneficial effects of PPIs for GI bleeding
were consistent across all types of PPIs (Table 3). Among
patients with high adherence to PPI therapy, the use of PPIs
was associated with a much lower risk of major GI bleeding
requiring transfusion compared to the group without PPI use
(HR 0.20, 95% CI: 0.16-0.27). The incidence rate of major or
minor GI bleeding with hospitalisation was also lower in the
PPI group than in the group who did not receive PPIs (Table 2).
The results were also consistent using inverse probability
treatment weighting (Supplementary Table 4).

SAFETY ENDPOINTS

At the 1-year follow-up, MACCE occurred in 4,714 patients in
the group who did not receive PPIs and in 4,619 patients in the
PPI group, with corresponding incidence rates of 13.4% and
13.1%, respectively (HR 0.98, 95% CI: 0.94-1.02) (Table 2,
Figure 3A). There was no difference in the risk of MACCE
between the two groups for patients prescribed aspirin with
clopidogrel (HR 0.98, 95% CI: 0.92-1.04) (Figure 3B) and
those prescribed aspirin with prasugrel or ticagrelor (HR
0.99, 95% CI: 0.93-1.04) (Figure 3C). In subgroup analysis,
the PPI group showed no significant difference in the risk
of MACCE compared to the group without PPIs. This was
consistent across all subgroups, including the P2Y , inhibitor
type (p for interaction=0.83) (Supplementary Figure 1B).
Furthermore, no harmful effects were observed across all types
of PPIs (Table 3). For the secondary endpoints, there were no
significant differences in the incidence rates of cardiovascular
death, spontaneous MI, repeat revascularisation, or ischaemic
stroke between the patients who received PPIs and those who
did not, regardless of the type of P2Y,, inhibitor (Table 2).

Discussion

This emulation of a randomised trial using a nationwide
cohort investigated the effects of PPI co-prescription on
major GI bleeding and cardiovascular outcomes in AMI
patients using DAPT after PCI, stratified by the type of P2Y ,
inhibitor (Central illustration). The main findings were as
follows. First, even after exclusion of the high GI bleeding
risk population, in whom there is a mandatory need for
short-term or long-term use of a PP, the concomitant use
of PPIs with DAPT was associated with a significantly lower
risk of major GI bleeding events for 1 year in patients with
AMI undergoing PCI. The beneficial effects of PPIs on major
GI bleeding were observed consistently, irrespective of the
type of P2Y,, inhibitor or PPI. Second, co-prescription of any
PPI type did not increase the risk for cardiovascular ischaemic
events in either the population with aspirin plus clopidogrel
or the population with aspirin plus prasugrel or ticagrelor.
Third, the results of reducing GI bleeding without increasing



Table 1. Baseline characteristics of matched population.

Overall Without PPI
(N=71,120) (N=35,560)

Age, years
Sex, male
Medical aid
BMI, kg/m2*
Residential area, metropolitan
Prior comorbidity
Myocardial infarction
Chronic heart failure
Diabetes mellitus
Hypertension
Hyperlipidaemia
Gl ulcer
Anaemia
Liver cirrhosis
CKD with dialysis
Stroke
Intracranial haemorrhage
Use of steroids
Use of NSAIDs
ARC-HBR
Heavy alcohol drinker*
Current smoker®
Admission from emergency room
Medications at discharge
Aspirin
Clopidogrel
Prasugrel
Ticagrelor
Beta blocker
ACEi
ARB
Statins

61.68+9.90
58,191 (81.8)

2,435 (3.4)

24.98+3.03
43,020 (60.5)

3,236 (4.6)
3,931 (5.5)
20,337 (28.6)
22,589 (31.8)
28,313 (39.8)
14,465 (20.3)
1,749 (2.5)
77 (0.1)
326 (0.5)
2,274 (3.2)
212 (0.3)
162 (0.2)
111 (0.2)
16,539 (23.3)
577 (1.5)
21,582 (42.9)
56,892 (80.0)

71,120 (100)
33,392 (47.0)
5,935 (8.3)
31,793 (44.7)
55,755 (78.4)
27,730 (39.0)
23,302 (32.8)
68,976 (97.0)

Impact of PPIs in post-MI patients taking DAPT

With PPI “
(N=35,560)

61.62:9.87 61.75:9.94 0.013
29,237 (82.2) 28,954 (81.4) 0.021
1,148 (3.2) 1,287 (3.6) 0.021
25.0043.02 24.96:3.04 0.028
21,516 (60.5) 21,504 (60.5) 0.001
1,496 (4.2) 1,740 (4.9) 0.033
1,840 (5.2) 2,091 (5.9) 0.031
10,011 (28.2) 10,326 (29.0) 0.020
11,041 (31.0) 11,548 (32.5) 0.031
13,975 (39.3) 14,338 (40.3) 0.020
7,079 (19.9) 7,386 (20.8) 0.021
816 (2.3) 933 (2.6) 0.021
34 (0.1) 43(0.1) 0.008
152 (0.4) 174 (0.5) 0.009
1,072 (3.0) 1,202 (3.4) 0.021
101 (0.3) 111 (0.3) 0.005
82 (0.2) 80 (0.2) 0.001
53 (0.1) 58 (0.2) 0.004
7,998 (22.5) 8,541 (24.0) 0.036
293 (1.5) 284 (1.5) <0.001
10,711 (42.9) 10,871 (42.9) <0.001
28,612 (80.5) 28,280 (79.5) 0.023
35,560 (100) 35,560 (100) <0.001
16,617 (46.7) 16,775 (47.2) 0.009
3,104 (8.7) 2,831 (8.0) 0.028
15,839 (44.6) 15,954 (44.8) 0.007
27,984 (78.7) 27,771 (78.1) 0.015
13,972 (39.3) 13,758 (38.7) 0.012
11,553 (32.5) 11,749 (33.0) 0.012
34,564 (97.2) 34,412 (96.8) 0.025

Values are presented as n (%) or mean+SD. #*For N=50,239; *for N=38,897; $for N=50,255. ACEi: angiotensin-converting enzyme inhibitor;
ARB: angiotensin Il receptor blocker; ARC: Academic Research Consortium; BMI: body mass index; CKD: chronic kidney disease; Gl: gastrointestinal;
HBR: high bleeding risk; IQR: interquartile range; NSAID: non-steroidal anti-inflammatory drug; PPI: proton pump inhibitor; SD: standard deviation;

SMD: standardised mean difference

cardiovascular events in patients who were prescribed a PPI
during DAPT maintenance were consistent in both the
populations with and without HBR.

As awareness and understanding of the prognostic importance
of bleeding has grown, the design of drug-eluting stents and
advances in other medical treatments have improved. For
instance, antiplatelet strategies after PCI for AMI patients, such
as high-intensity statins, are becoming less intensive in order to
minimise the risk of bleeding?*. Another strategy used to reduce
GI bleeding, which is the most common serious complication
of antithrombotic therapy, is the concomitant administration
of PPIs. However, in real-world practice, the prescription
rates of PPI prophylaxis are still low even in patients with

DAPT maintenance who are at a higher risk of GI bleeding?’.
This could be attributed to the recommendation discrepancy
between the ESC and American College of Cardiology/
American Heart Association (ACC/AHA) guidelines”?¢. In the
ESC guideline, routine use of PPIs for all patients on DAPT is
recommended as a Class I indication. However, the ACC/AHA
guideline stipulates that only patients at high risk of bleeding
should receive PPIs, and routine PPI use is discouraged (Class
IIl) in patients treated with DAPT?S. This discrepancy might
be caused by a difference in the interpretation of previous
conflicting results from the randomised trial and registry
data involving the potential interaction between PPIs and
clopidogrel. The COGENT-1 trial, which is a randomised

Eurolntervention 2025;21:€¢229-e¢239 « Danbee Kang et al.
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Table 2. Comparison of 1-year efficacy and safety endpoints according to the use of PPIs.

Without PPI
No. of events

With PPI Without (ref) vs with PPI
(1-year cumulative %) HR (95% CI)

Efficacy endpoints

Major Gl bleeding requiring transfusion 236 (0.7) 140 (0.4) 0.59 (0.48-0.73)¢
Major or minor Gl bleeding with hospitalisation 336 (1.0) 236 (0.7) 0.70 (0.60-0.83)*
Safety endpoints
MACCE* 4,714 (13.4) 4,619 (13.1) 0.98 (0.94-1.02)
Cardiovascular death 268 (0.8) 295 (0.8) 1.10 (0.93-1.30)
Spontaneous myocardial infarction 2,319 (6.6) 2,345 (6.7) 1.01 (0.96-1.07)
Ischaemic stroke 345 (1.0) 385 (1.1) 1.12 (0.97-1.29)
Repeat revascularisation 2,743 (7.8) 2,600 (7.4) 0.95 (0.90-1.00)

Clopidogrel user
Efficacy endpoints

Major Gl bleeding requiring transfusion 92 (0.6) 57 (0.4) 0.62 (0.45-0.86)*
Major or minor Gl bleeding with hospitalisation 128 (0.8) 102 (0.6) 0.79 (0.61-1.02)
Safety endpoints
MACCE* 2,332 (14.2) 2,298 (13.8) 0.98 (0.92-1.04)
Cardiovascular death 178 (1.1) 174 (1.1) 0.97 (0.79-1.19)
Spontaneous myocardial infarction 1,093 (6.7) 1,117 (6.7) 1.01 (0.93-1.10)
Ischaemic stroke 195 (1.2) 232 (1.4) 1.18 (0.98-1.43)
Repeat revascularisation 1,330 (8.1) 1,303 (7.9) 0.97 (0.90-1.05)

Prasugrel or ticagrelor user
Efficacy endpoints

Major Gl bleeding requiring transfusion 145 (0.8) 83 (0.5) 0.58 (0.44-0.76)%
Major or minor Gl bleeding with hospitalisation 208 (1.1) 134 (0.7) 0.65 (0.52-0.81)°
Safety endpoints
MACCE* 2,382 (12.7) 2,321 (12.5) 0.99 (0.93-1.04)
Cardiovascular death 90 (0.5) 121 (0.7) 1.36 (1.03-1.78)
Spontaneous myocardial infarction 1,226 (6.6) 1,228 (6.7) 1.01 (0.94-1.10)
Ischaemic stroke 150 (0.8) 153 (0.8) 1.03 (0.82-1.29)
Repeat revascularisation 1,413 (7.6) 1,297 (7.0) 0.93 (0.86-1.00)

*MACCE was defined as a composite of cardiovascular death, spontaneous myocardial infarction, ischaemic stroke and repeat revascularisation. indicates
statistical significance. Cl: confidence interval; HR: hazard ratio; MACCE: major adverse cardiac and cerebrovascular events; PPI: proton pump inhibitor

trial for evaluating the effects of PPIs among patients receiving
aspirin and clopidogrel, demonstrated that the prophylactic use
of omeprazole reduced the rate of upper GI bleeding without
an increased risk of cardiovascular events'>. Similarly, a Danish
nationwide registry showed that the use of PPIs was associated
with a lower risk of upper GI bleeding events in AMI patients
taking DAPT?. However, that study did not present an analysis
of ischaemic events to identify PPI-clopidogrel interactions,
even though clopidogrel was used in the majority of the cohort.

Therefore, this study was conducted to confirm the effects
of PPIs on GI bleeding by controlling baseline differences
through PS matching within populations that mimic trials
(predominantly low bleeding risk populations). We used
patient-level claims data from the Republic of Korea to
emulate the randomised trial. One of the major strengths
of this study was that we focused on clinically meaningful
events, i.e., major GI bleeding events requiring transfusion
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with admission, in a large sample size. In this study, we found
that major GI bleeding events were reduced significantly
when a PPI was administered concurrently with DAPT in
both AMI populations treated with aspirin plus clopidogrel
and those with aspirin plus potent P2Y,, inhibitors
(prasugrel or ticagrelor). Notably, we first demonstrated the
Gl-protective effects of PPIs in patients with AMI on potent
P2Y , inhibitor-based DAPT maintenance, which is the most
popular strategy for AMI patients in contemporary practice.
Furthermore, we also found that the beneficial effects of
PPIs on major GI bleeding were observed consistently,
irrespective of the various types of PPL. Considering that
the co-prescription of a PPI with DAPT showed benefits in
terms of major GI bleeding events, regardless of the presence
of HBR or GI ulcer history, our findings support the ESC
guideline of recommending the routine use of a PPI in
patients on DAPT.
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Figure 2. Cumulative incidence of major GI bleeding requiring transfusion up to 1-year follow-up. Kaplan-Meier curves are
shown to compare major GI bleeding requiring transfusion according to the use of PPlIs in patients overall (A), in clopidogrel
users (B), and in potent P2Y , inhibitor users (C) with AMI undergoing PCI on DAPT. AMI: acute myocardial infarction;
CI: confidence interval; DAPT: dual antiplatelet therapy; GI: gastrointestinal; HR: hazard ratio; PCI: percutaneous coronary

intervention; PPI: proton pump inhibitor

Pharmacodynamic investigations have observed a reduction
in the antiplatelet efficacy of clopidogrel when co-administered
with PPIs, attributed to the competitive inhibition of CYP2C19,
which plays a major role in activating clopidogrel?’. Several
observational studies and meta-analyses have demonstrated

a relationship between PPIs and adverse cardiovascular
outcomes in patients with coronary artery disease undergoing
PCI?, In this regard, both the European Medicines Agency and
the U.S. Food and Drug Administration released statements
warning of a potential interaction between PPIs and clopidogrel
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Figure 3. Cumulative incidence of major adverse cardiac and cerebrovascular events up to 1-year follow-up. Kaplan-Meier curves
are shown to compare major adverse cardiac and cerebrovascular events (a composite of cardiovascular death, spontaneous MI,
repeat revascularisation, and ischaemic stroke) according to the use of PPIs in patients overall (A), in clopidogrel users (B), and
in potent P2Y,, inhibitor users (C) with AMI undergoing PCI on DAPT. AMI: acute myocardial infarction; CI: confidence
interval; DAPT: dual antiplatelet therapy; GI: gastrointestinal; HR: hazard ratio; PCI: percutaneous coronary intervention;

PPI: proton pump inhibitor

and discouraging their combined use in the absence of a strong
indication. However, the COGENT-1 trial reported that there
was no significant increase in the risk of cardiovascular events
with the concomitant use of clopidogrel and omeprazole's.
Based on this result, the current guidelines recommend the use
of PPIs, even in clopidogrel users, without warning, if indicated.

Eurolntervention 2025;21:€229-¢239 « Danbee Kang et al.

However, the COGENT-1 trial was stopped before enrolling
the planned 5,000 patients due to financial issues (actual
enrolment of 3,873 patients), and the relatively short follow-up
period (6 months) may have resulted in an insufficient sample
size to identify the differences in ischaemic events according
to the use of PPIs. In the current study, using an emulated
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Table 3. Comparison of 1-year efficacy and safety endpoints according to the type of PPI.

Without PPI | Dexlansoprazole | Esomeprazole | Lansoprazole | Omeprazole | Pantoprazole | Rabeprazole
(N=35,560) (N=4,740) (N=8,516) (N=11,268) (N=450) (N=4,382) (N=6,204)

Hazard ratio (95% confidence interval)

Primary efficacy
endpoint

(major Gl bleeding
requiring transfusion)

0.29 0.62 0.55 0.34 0.72 0.80

Reference (4 15'056)  (0.44-0.88) (0.39-0.76) (0.05-2.38) (0.46-1.13)  (0.56-1.15)

Primary safety Reference 0.86 1.05 0.93 0.90 0.96 1.11
endpoint (MACCE*) (0.78-0.94) (0.98-1.11) (0.87-0.98) (0.68-1.18)  (0.88-1.05) (1.04-1.20)

Clopidogrel user

Primary efficacy

endpoint 0.31 0.53 0.61 0.62 0.86
(major Gl bleeding Reference (5157063)  (0.33-0.85)  (0.40-0.92) NA (0.28-1.41)  (0.55-1.33)
requiring transfusion)

Primary safety 0.87 1.06 0.96 1.16 0.94 1.05

endpoint (MACCE®) HEEEES

Prasugrel or ticagrelor user

(0.78-0.97) (0.97-1.15) (0.88-1.05) (0.76-1.78)  (0.79-1.11) (0.95-1.16)

Primary efficacy

endpoint Reference 0.13 0.76 0.48 0.62 0.88 0.68
(major Gl bleeding (0.02-0.95) (0.44-1.32) (0.28-0.83)  (0.09-4.42) (0.51-1.51) (0.35-1.30)
requiring transfusion)

Primary safety Reference 0.90 1.04 0.88 0.74 0.93 1.21

endpoint (MACCE*) (0.77-1.05) (0.95-1.15) (0.81-0.96) (0.52-1.07)  (0.84-1.04) (1.09-1.33)

*MACCE was defined as a composite of cardiovascular death, spontaneous myocardial infarction, ischaemic stroke, or repeat revascularisation.
Gl: gastrointestinal; MACCE: major adverse cardiac and cerebrovascular events; NA: not applicable; PPI: proton pump inhibitor
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The current study evaluated the association between the co-prescription of PPIs and DAPT with the occurrence of GI bleeding
and ischaemic events in patients with AMI undergoing PCI. Using a large-scale PS-matching algorithm according to the
co-prescription of PPIs from a nationwide South Korean claims database, 35,560 pairs of AMI patients undergoing PCI on
DAPT were generated (A). The co-prescription of PPIs and DAPT showed beneficial effects with regard to reducing major GI
bleeding (B) without an increased risk of cardiovascular events (C), regardless of the P2Y , inhibitor type. These findings
promote routine PPI use in AMI patients on DAPT treated with PCI. AMI: acute myocardial infarction; CI: confidence interval;
DAPT: dual antiplatelet therapy; GI: gastrointestinal; HR: hazard ratio; PCI: percutaneous coronary intervention; PPI: proton
pump inhibitor; PS: propensity score
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randomised trial from a large real-world dataset (35,560 pairs
of PS matching), we found that the concomitant use of PPIs did
not increase ischaemic events in patients with AMI undergoing
PCI on either potent P2Y , inhibitor- or clopidogrel-based
DAPT. Although a previous study showed that the clopidogrel-
PPI interaction is known to be drug specific and not a class-
specific effect depending on the degree of interference with
CYP2C19 activity®, the current study found that there was no
significant difference in terms of cardiovascular risk according
to any type of PPI co-prescription in clopidogrel users. One
of the major strengths of the current study is that it found an
effect on ischaemic events when different types of PPIs were
used in combination with DAPT after PCIL. Considering that
the current study population is exclusively East Asian, with
a higher proportion of clopidogrel resistance than Western
populations®, our results suggest that any type of PPI could
be used safely in patients with AMI, even those receiving
clopidogrel-based DAPT, irrespective of ethnicity.

Limitations

Some limitations of this study should be acknowledged. First,
explicit target trial emulation alone cannot eliminate the bias
that arises from lack of randomisation, even if the observational
analysis correctly emulates all other components of the target
trial. The relatively high rate of MACCE in the current study
might be influenced by the selection of a high-risk population
after the PS matching process and the exclusive enrolment of
patients with AMI. Second, detailed information for platelet
function tests, genotype, dosage of aspirin, angiographic
findings, and PCI procedures were not available because of
the nature of the claims dataset. Third, certain risk factors
for GI bleeding, such as Helicobacter pylori infection, were
unavailable. Fourth, the number of patients with HBR was
relatively small after excluding those requiring the inevitable
use of PPIs. Fifth, compliance with the use of PPIs was not
optimal, which could have influenced the results. Sixth,
although this study showed a statistically significant reduction
in major GI bleeding risk with PPI use in patients on DAPT,
the absolute risk reduction is relatively small, and it resulted in
a high number needed to treat. However, given that PPIs are
relatively inexpensive and pose no ischaemic risk trade-off, this
result may not diminish the significance of these findings.

Conclusions

Even among patients with a predominantly low GI bleeding risk
who required DAPT following PCI for AMI, co-prescription
of PPIs showed a significantly lower risk of major GI bleeding
requiring transfusion during 1 year. The beneficial effects of
PPIs on GI bleeding were observed consistently, regardless
of P2Y,, inhibitor type, PPI type, or individual bleeding risk.
Furthermore, PPI use was not associated with an increased
risk of cardiovascular events in patients treated with either
clopidogrel or potent P2Y,, inhibitors.
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Supplementary data

Supplementary Appendix 1. Supplementary methods: measurements.

Data on income at the time of the first screening exam was obtained from the insurance
eligibility database. Income level was categorized by medical aid or not. Residential areas at
the time of the first screening exam were classified as metropolitan or rural. Data on health-
related behaviors and labs were obtained from the health screening exams database from
records within 4 years before percutaneous coronary intervention. Smoking habits, frequency
of drinking, and amount of alcohol were also collected by self-administered questionnaires
during the health screening exams. Current alcohol intake (g/day) was calculated using
frequency of drinking (times/week) and amount of alcohol on each occasion collected using
self-administered questionnaires at the health screening exams. Heavy alcohol drinking was
defined as alcohol intake >40 g/day in women and >60 g/day in men. Height and weight were
measured, and body mass index was calculated.

Long-term use of nonsteroidal anti-inflammatory drugs and steroids was defined as a
patient who was prescribed these medications for at least 90 and 30 days, respectively, between
180 days before admission and 14 days after admission. Concomitant use of beta-blockers,
renin-angiotensin receptor blockers, and statins was defined when a patient was prescribed a

discharge medication.
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Supplementary Table 1. Definitions of covariates and clinical outcomes.

Diagnosis ICD-10 code Diagnostic definition

MI 121, 122, 123 Admission >1 or
revascularization

Ischemic stroke 163, 164, G45 Admission >1

GI bleeding K22.6,K25.0, K25.2, K254, (Admission >1 or
K25.6,K26.0, K26.2, K26.4, emergency room) and RBC
K26.6,K27.0,K27.2, K274, transfusion >1
K27.6, K28.0, K28.2, K28.4,
K28.6, K29.0, K62.5, K92.0,
K92.1, K92.2
Any GI bleeding K22.6,K25.0, K25.2, K25 4, Admission >1 or emergency
K25.6, K26.0, K26.2, K26.4, room
K26.6, K27.0, K27.2, K27.4,
K27.6, K28.0, K28.2, K28.4,
K28.6, K29.0, K62.5, K92.0,
K92.1, K92.2
Hypertension 110-113, 115 Admission >1 or outpatient

department >1

Liver disease

K704, K711, K721, K729, K765,
K766, K767, 1850, 1859, 1864,
1982, K700, K701, K702, K703,
K709, K717, K713, K714, K715,
K760, K762, K763, K764, K768,
K769, 2944

Admission or outpatient
department >1

Diabetes mellitus

E10-E14

Admission or outpatient
department >1

CKD with dialysis

CRRT (07051, 07052, 07053,
07054, 07055, O7031, O7032,
07033, 07034, O7035); IHD
(07020, 07021, 09991, 02011,
02012, 02081, 02082, 02083,
02013); PD (07062, 07061,
07071, 07072, 07073, O7074,
07075, E6581', '"E6582, E6593,
02016, 02019, 07076, O7077)

Admission or outpatient
department >1

Cancer C00- C97 Admission or outpatient
department >1

Anemia D50, D58, D59, D63, D65 Admission or outpatient
department >1

Medications ATC Codes

NSAIDs

MO01AB16, MO3BX, MO1AB11, MO1AC, MO1AE14, MO1ABOS,




S01BC03, MO1AX, MO1ABO08, MO1AE04, MO1AGO3, SO1BCO04,
MO1AEO1, DI0AX, NO2BES1, CO1EB16, NO2BA16, MO1AEO3,
MO02AA10,N02AJ14, MO1AE17, MO1AB1S, S01BCO05, MO1AE,
MO01AGO1, MOIAC06, MO1AX01, MOTAES2, MO1AEO2, NO2CC51,
MO01AX17, MO1ACO1, M02AA07, SO1BC09, MO1AB14, MO1AA,
NO02BA06, MO1AB02, MO1ACO02, MO1AEL1, MO1AGO02, MO1ACOS,
MO01AX22, L04AK02, MO1ABO1, MO1AE12, MO1AB09, MO1AE13,
MO1AB, MO1AH, MO1AHO1, MO1AHO7, MO1AHO5, MO1AHO7,
NO2BASI1
H02AB04, H02BX01, DO7AC14, HO2AB06, DO7AA03, SO1BA(4,
H02AB13, HO2AB02, SO1CA01, SO1CA, SOIBAO01, S02CAO06,
RO1ADO3, DO7CCO01, HO2ABO1, DOSAXS52, HO2BX, DO7ACO01,
Steroids ROIADOS, DO7AC09, RO3AK07, RO3BA02, RO3AL11, AO7EAQ6,
RO3AK12, H02AB09, D11AX, S02CA03, DO7AB02, DO7CA,
D07AA02, HO2AB07, RO1AD11, DO7CB01, HO2AB08, SO1BAOS,
DO1A, DO7AB09

Aspirin B01AC30, BO1AC56, N0O2BAO1
Clopidogrel BO1AC04, BOIAC30

Prasugrel BO1AC22

Ticagrelor CO07AA05

C07AA01-03, COTAA05-07, CO7TAA12, COTAA14-17, CO7TAAIY,
C07AA23,C07AA27,C07ABO1-14, C07AG01-02, CO7BA02,
C07BA05-07, CO7BA12, CO7BA68, CO7BB02-04, CO7BB06-07,
C07BB12, C07BB52, C07BGO1, C07CA02, CO7CA03, CO7CA17,
C07CA23, CO7CB03, CO7CB02-03, CO7CB53, C07CG01, CO7DAO06,
C07DBO01, C07FB02-03, CO7FB07, CO7FB12-13, CO7FX01-06
A02BC51,A02BC, A02BC04, A02BC02, MO1AES2, A02BCO05,
Proton Pump Inhibitors ~ A02BC53, A02BC03, A02BC01, A02BC06, NOSAX12, A02BC54,
B01AC56, NOSAX16

A02BAO1, A02AH, A02AX, A02BA02, AO2BA, A02BAO03,
A02BA53, A02BA04, AO2BA06

Abbreviations: ATC, anatomical therapeutic chemical; CKD, chronic kidney disease; CRRT, continuous renal

replacement therapy; GI, gastrointestinal; ICD, International Classification of Diseases; MI, myocardial infarction;
NSAID, nonsteroidal anti-inflammatory drug; RBC, red blood cell.

Beta blocker

H2-blocker




Supplementary Table 2. Baseline characteristics of the entire cohort before emulating

the COGENT-1 trial.

Without PPI With PPI
SMD
(N=111,730) (N=50,095)
Age, years 62.0 (10.1) 63.2 (10.1) -.119
Sex, male 91196 (81.6) 39026 (77.9) -.093
Medical aid 4635 (4.1) 2417 (4.8) .033
BMI, kg/m2 (N=108,106) 24.9 (3.1) 24.8 (3.1) -.032
Residential area, metropolitan 67597 (60.5) 30304 (60.5) <.001
Comorbidity disease
Myocardial infarction 7686 (6.9) 2995 (6.0) -.037
Chronic heart failure 8394 (7.5) 4356 (8.7) .043
Diabetes mellitus 35906 (32.1) 17391 (34.7) .055
Hypertension 40905 (36.6) 19662 (39.2) .054
Hyperlipidemia 46443 (41.6) 22087 (44.1) .051
Gl ulcer 23664 (21.2) 11691 (23.3) .052
Anemia 4704 (4.2) 2854 (5.7) .069
Liver cirrhosis 176 (0.2) 123 (0.2) .020
CKD with dialysis 559 (0.5) 200 (0.4) -.015
Stroke 4660 (4.2) 2412 (4.8) .031
Intracranial hemorrhage 425 (0.4) 215(0.4) .008
Use of Steroid 421 (0.4) 325(0.6) .038
Use of NSAID 344 (0.3) 206 (0.4) .017
ARC-HBR 5828 (5.2) 3531 (7) .076
Heavy alcoholics (N=87,958) 887 (1.4) 377 (1.5) .002
Current smoker (N=108,111) 30969 (42) 13697 (39.9) -.043
Admit from emergency room visit 89384 (80) 39575 (79) -.025
Medication at discharge
Aspirin 111730 (100) 50095 (100) -
Clopidogrel 71940 (64.4) 27169 (54.2) -.208
Prasugrel 6338 (5.7) 3073 (6.1) .020
Ticagrelor 33452 (29.9) 19853 (39.6) 205
Beta blocker 89225 (79.9) 39270 (78.4) -.036
ACEI 51299 (45.9) 19567 (39.1) -.139
ARB 33339 (29.8) 17567 (35.1) 112
Statin 109405 (97.9) 47948 (95.7) -.126

Values were presented n (%), mean (SD), or median (IQR)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, Angiotensin II receptor
blocker; ARC-HBR, Academic Research Consortium-High Bleeding Risk; BMI, body mass
index; CKD, chronic kidney diseases; GI, gastro-intestinal; IQR, Interquartile range; NSAID,
nonsteroidal anti-inflammatory drug; PPI, proton pump inhibitor; SD, standard deviation; SMD,
standardized mean difference.



Supplementary Table 3. Baseline characteristics of the overall population.

Overall Without PPI With PPI
P-value SMD
(N=118,420) (N=82,854) (N=35,566)
Age, years 61.24 (9.95) 61.03 (9.94) 61.75 (9.94) <.001 072
Sex, male 98,509 (83.2) 69,551 (83.9) 28,958 (81.4) <.001 .067
Medical aid 4,088 (3.5) 2,801 (3.4) 1,287 (3.6) .041 .013
BMI, kg/m? (N=81,068) 24.99 (3.03) 25.00 (3.02) 24.96 (3.04) 101 .012
Residential area, metropolitan 73,776 (62.3) 52,269 (63.1) 21,507 (60.5) <.001 .054
Comorbidity disease
Myocardial infarction 6,896 (5.8) 5,156 (6.2) 1,740 (4.9) <.001 .058
Chronic heart failure 6,918 (5.8) 4,825 (5.8) 2,093 (5.9) .690 .003
Diabetes mellitus 34,339 (29.0) 24,012 (29.0) 10,327 (29.0) .854 .001
Hypertension 38,683 (32.7) 27,132 (32.7) 11,551 (32.5) .369 .006
Hyperlipidemia 47,019 (39.7)  32,678(39.4) 14,341 (40.3) .005 .018
Gl ulcer 23,188 (19.6) 15,798 (19.1) 7,390 (20.8) <.001 .043
Anemia 3,015 (2.5) 2,080 (2.5) 935 (2.6) .243 .007
Liver cirrhosis 94 (0.1) 50 (0.1) 44 (0.1) .001 .021
CKD with dialysis 732 (0.6) 558 (0.7) 174 (0.5) <.001 .024
Stroke 3,953 (3.3) 2,751 (3.3) 1,202 (3.4) .615 .003
Intracranial hemorrhage 367 (0.3) 256 (0.3) 111 (0.3) 975 .001
Use of Steroid 236 (0.2) 156 (0.2) 80 (0.2) .220 .008
Use of NSAID 182 (0.2) 124 (0.1) 58 (0.2) .646 .003
ARC-HBR 23,254 (19.6) 16,021 (19.3) 7,233 (20.3) <.001 .025
Heavy alcohol drinker (N=65,009) 970(1.2) 686 (1.2) 284 (1.1) <.001 .010
Current smoker (N=81,072) 35,431 (54.5) 24,558 (53.1) 10,873 (57.9)  <.001 .100
Admit from emergency room visit 94,169 (79.5) 65,888 (79.5) 28,281 (79.5) .987 <.001
Medication at discharge
Aspirin 118,420 (100) 82,854 (100) 35,566 (100) >.999 <.001
Clopidogrel 66,737 (56.4) 49,962 (60.3) 16,775 (47.2) <.001 .266
Prasugrel 8,338 (7.0) 5,506 (6.6) 2,832 (8.0) <.001 .051
Ticagrelor 43,345 (36.6) 27,386 (33.1) 15,959 (44.8) <.001 244
Beta blocker 94,158 (79.5) 66,383 (80.1)  27,775(78.1) <.001 .050
ACEI 52,016 (43.9) 38,258 (46.2) 13,758 (38.7) <.001 152
ARB 36,230 (30.6) 24,480 (29.5) 11,750 (33.0) <.001 .075
Statin 112,165 (94.7) 77,747 (93.8) 34,418 (96.8) <.001 139

Values were presented as n (%), mean (SD), or median (IQR)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, Angiotensin Il receptor blocker; ARC-
HBR, Academic Research Consortium-High Bleeding Risk; BMI, body mass index; CKD, chronic kidney
diseases; Gl, gastrointestinal; IQR, Interquartile range; NSAID, nonsteroidal anti-inflammatory drug; PPI, proton
pump inhibitor; SD, standard deviation; SMD, standardized mean difference.



Supplementary Table 4. Comparison of 1-year efficacy and safety endpoints according
to the use of PPIs using propensity score weighting methods.

Without (ref) vs. with PPI

— HR (95 % Cl)
Overall
Efficacy endpoints
Major Gl bleeding requiring transfusion 0.59 (0.49-0.72)
Major or minor Gl bleeding with hospitalization 0.70 (0.60-0.82)
Safety endpoints
MACCE”" 0.98 (0.94-1.01)
Cardiovascular death 1.05(0.91-1.21)
Spontaneous myocardial infarction 1.00 (0.95-1.05)
Ischemic stroke 1.09 (0.96-1.23)
Repeat revascularization 0.96 (0.92-1.00)
Clopidogrel User
Efficacy endpoints
Major Gl bleeding requiring transfusion 0.62 (0.45-0.82)
Major or minor Gl bleeding with hospitalization 0.76 (0.61-0.95)
Safety endpoints
MACCE”" 0.98 (0.92-1.02)
Cardiovascular death 0.99 (0.83-1.18)
Spontaneous myocardial infarction 0.99 (0.92-1.06)
Ischemic stroke 1.12 (0.96-1.31)
Repeat revascularization 0.97 (0.91-1.03)
Prasugrel or Ticagrelor User
Efficacy endpoints
Major Gl bleeding requiring transfusion 0.57 (0.45-0.73)
Major or minor Gl bleeding with hospitalization 0.65 (0.52-0.80)
Safety endpoints
MACCE”" 0.99 (0.94-1.04)
Cardiovascular death 1.22 (0.96-1.55)
Spontaneous myocardial infarction 1.02 (0.95-1.10)
Ischemic stroke 1.03(0.84-1.26)
Repeat revascularization 0.95 (0.88-1.01)

"MACCE was defined as a composite of cardiovascular death, spontaneous myocardial infarction, ischemic stroke,
or repeat revascularization.

Abbreviations: CI, confidence interval; HR, hazard ratio; MACCE, major adverse cardiac and cerebrovascular
events; PPI, proton pump inhibitor.




(A) Efficacy endpoint (B) Safety endpoint

HR for major Gl ing requiring ion (95% CI) HR for MACCE (95% CI)
Age (years) ' Age (years)
<65 (N=42.536) —F 059 (0.45, 0.79) <85 (N=42,536) 0.99 (0.94, 1.04)
265 (N=28,584) Ij 0.59(0.43, 0.81) =65 (N=28,584) 0.97 (0.92, 1.04)
p-for interaction : 099 p-for inferaction 0.75
Male (N=58,191) 4.3— 0.57 (0.45,0.72) Male (N=58.181) 0.99 (0.99, 1.03)
Female (N=12.929) 4%.** 0.74(0.45,122) Female (N=12,929) 0.96 (0.88, 1.08)
p-for interaction ‘ 0.35 p-for inferaction 0.66
Diabetes Mallitus : Diabetes Mellitus
No (N=50,783) —':— 0.57 (0.43,0.74) No (N=50,783) 0.99 (0.95, 1.04)
Yes (N=20,337) ‘ir.— 0.64 (0.45, 0.90) Yes (N=20,337) 0.95 (0.89, 1.02)
p-for interaction ‘ 0.59 p-for inferaction 0.34
Type of P2Y12 inhibitor \ Type of P2Y12 inhibitor
Clopidogrel (N=33,382) :I 0,82 (D.45,0.88) Clopidogrel (N=33,392) 0.98 (0.92, 1.04)
Ticagrelor’ prasugrel (N=37,728) —‘— 0.58 (0.44, 0.76) Ticagrelor/ prasugrel {(N=37 728) 0.99 (0.93, 1.04)
p-for interaction : 075 p-for inferaction 0.83
History of Gl ulcer ‘ History of Gl ulcer
No (N=54,581) 4.%7 0.55(0.44,0.70) No (N=54581) 0.97 (0.93, 1.02)
Yes (N=14,465) 0.76(0.49, 1.19) Yes (N=14,465) ‘ 1.01(0.93, 1.11)
p-for interaction 0.21 p-for inferaction 1 042
High bleeding risk group ' High bleeding risk group
No (N=54,581) + 0.56 (0.44,0.72) No (N=54,581) 0.99 (0.95, 1.04)
Yes (N=16,538) 0.66 (0.45, 0.98) Yes (N=16,539) 0.95 (0.87, 1.03)
p-for interaction 049 p-for inferaction 035
QOverall - 059 (0.48,073) Overall - 0.88 (0.94, 1.02)
0.25 05 1 2z 0.25 05 1 z

Supplementary Figure 1. Comparison of efficacy and safety endpoints between the with or

without PPI groups according to various subgroups.

A) Efficacy endpoints; (B) safety endpoints. Abbreviations: CI, confidence interval; GI,
gastrointestinal; HR, hazard ratio; MACCE, major adverse cardiac and cerebrovascular

events.



