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Aims Ticagrelor is associated with a lower risk of ischemic events than clopidogrel. However, it is uncertain whether the benefits
of more intensive anti-ischemic therapy outweigh the risks of major bleeding in patients who have a high bleeding risk
(HBR). Therefore, this study compared ticagrelor and clopidogrel in myocardial infarction (MI) patients with HBR.
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Methods and
results

This study included all patients enrolled in the SWEDEHEART registry who were discharged with dual antiplatelet therapy
using ticagrelor or clopidogrel following MI between 2010 and 2017. High bleeding risk was defined as a PRECISE-DAPT
score ≥25. Information on ischemic events, major bleeding, and mortality was obtained from national registries, with
365 days of follow-up. Additional outcomes include major adverse cardiovascular events (MACE), a composite of MI,
stroke and all-cause mortality, and net adverse clinical events (NACE), a composite of MACE and bleeding. This study
included 25042 HBR patients, of whom 11848 were treated with ticagrelor. Ticagrelor was associated with a lower risk
of MI, stroke, and MACE, but a higher risk of bleeding compared to clopidogrel. There were no significant differences
in mortality and NACE. Additionally, when examining the relationship between antiplatelet therapy and bleeding risk in
69040 MI patients, we found no statistically significant interactions between the PRECISE-DAPT score and treatment
effect.
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Conclusions We observed no difference in NACE when comparing ticagrelor and clopidogrel in HBR patients. Moreover, we found no
statistically significant interactions between bleeding risk and the comparative effectiveness of clopidogrel and ticagrelor
in a larger population of MI patients.
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Introduction
Dual antiplatelet therapy (DAPT) using a combination of aspirin and
oral P2Y12-receptor inhibitors is the cornerstone of antithrombotic
pharmacological therapy in patients with myocardial infarction (MI).1,2

Guidelines recommend that DAPT should include potent P2Y12-
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receptor inhibitors, such as ticagrelor, as they are associated with a
lower risk of ischemic events than clopidogrel.2–5 However, studies
show that while more intensive antiplatelet regimens decrease the
risk of ischemic events, they also increase the risk of bleeding,5–10

which is also associated with a worse prognosis in MI patients.11,12

Therefore, it is uncertain whether the benefits of more intensive
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Table 1 Patient demographics before and after inverse probability of treatment weighting

Unweighted Weighted
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Clopidogrel Ticagrelor SMD Clopidogrel Ticagrelor SMD
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Demographics
n 130194 110848 12627.03 9051.07
Age, mean (SD) 80.01 (8.09) 77.07 (7.51) 0.299 79.01 (8.61) 79.11 (7.66) 0.012
Sex, female 6318 (47.9) 5162 (43.6) 0.087 5844.3 (46.3) 4129.2 (45.6) 0.013
PRECISE-DAPT score, median [Q1, Q3] 35.0 [30.00, 42.00] 32.0 [28.00, 38.00] 0.282 34.00 [29.00, 41.00] 33.00 [29.00, 40.00] 0.033
Creatinine clearance (mL/min), median [Q1, Q3] 45.5 [35.09, 54.80] 48.9 [40.02, 57.20] 0.228 46.63 [36.21, 56.06] 47.04 [37.61, 56.12] 0.022
Prior bleeding 1580.0 (12.0) 1328.0 (11.2) 0.024 1556.8 (12.3) 1086.0 (12.0) 0.010
Hemoglobin (g/dL), mean (SD) 130.7 (16.99) 133.6 (16.68) 0.172 131.48 (17.24) 132.01 (16.98) 0.031
Length of stay (days), median [Q1, Q3] 4.00 [3.00, 7.00] 4.00 [3.00, 6.00] 0.153 4.00 [3.00, 6.00] 4.00 [3.00, 6.00] 0.040
Calender year 1.607 0.777

2010 3237.0 (24.5) 0.0 (0.0) 1705.5 (13.5) 0.0 (0.0)
2011 3207.0 (24.3) 36.0 (0.3) 1708.7 (13.5) 168.5 (1.9)
2012 2239.0 (17.0) 1136.0 (9.6) 1801.5 (14.3) 1614.6 (17.8)
2013 1365.0 (10.3) 1813.0 (15.3) 1707.7 (13.5) 1596.5 (17.6)
2014 1056.0 (8.0) 1988.0 (16.8) 1589.8 (12.6) 1463.4 (16.2)
2015 827.0 (6.3) 2169.0 (18.3) 1476.6 (11.7) 1406.4 (15.5)
2016 695.0 (5.3) 2372.0 (20.0) 1399.7 (11.1) 1438.8 (15.9)
2017 568.0 (4.3) 2334.0 (19.7) 1237.5 (9.8) 1363.0 (15.1)

Current smokers 1364.0 (10.3) 1504.0 (12.7) 0.074 1443.6 (11.4) 1032.8 (11.4) 0.001
Comorbidities

MI 3962.0 (30.0) 2525.0 (21.3) 0.201 3317.6 (26.3) 2198.0 (24.3) 0.046
CHF 2304.0 (17.5) 1173.0 (9.9) 0.221 1853.2 (14.7) 1212.8 (13.4) 0.037
Diabetes mellitus 3526.0 (26.7) 3133.0 (26.4) 0.006 3413.1 (27.0) 2431.0 (26.9) 0.004
Stroke 1663.0 (12.6) 1056.0 (8.9) 0.119 1503.3 (11.9) 990.6 (10.9) 0.030
Renal failure 910.0 (6.9) 572.0 (4.8) 0.088 807.5 (6.4) 592.1 (6.5) 0.006
COPD 1266.0 (9.6) 1024.0 (8.6) 0.033 1200.4 (9.5) 854.9 (9.4) 0.002
Peripheral arterial disease 1055.0 (8.0) 690.0 (5.8) 0.086 937.9 (7.4) 650.6 (7.2) 0.009
Hypertension 9202.0 (69.7) 8244.0 (69.6) 0.004 8894.7 (70.4) 6458.0 (71.4) 0.020
Cancer 635.0 (4.8) 471.0 (4.0) 0.041 608.7 (4.8) 437.3 (4.8) 0.001

Prior medical interventions
CABG 1537.0 (11.6) 969.0 (8.2) 0.116 1292.3 (10.2) 841.2 (9.3) 0.032
PCI 2118.0 (16.1) 1744.0 (14.7) 0.037 1975.8 (15.6) 1392.9 (15.4) 0.007

Type of myocardial infarction
STEMI 3653.0 (27.7) 4514.0 (38.1) 0.223 4006.4 (31.7) 2986.1 (33.0) 0.027
Killip class > 1 448.0 (3.4) 267.0 (2.3) 0.069 374.6 (3.0) 246.3 (2.7) 0.015

Medications on admission
Aspirin 6755.0 (51.2) 4778.0 (40.3) 0.219 5932.5 (47.0) 4037.6 (44.6) 0.048
Beta-blockers 5759.0 (43.6) 4290.0 (36.2) 0.152 5210.6 (41.3) 3578.2 (39.5) 0.035
Calcium channel antagonists 3295.0 (25.0) 3033.0 (25.6) 0.014 3232.1 (25.6) 2302.6 (25.4) 0.004
Digoxin 122.0 (0.9) 37.0 (0.3) 0.078 87.7 (0.7) 48.3 (0.5) 0.021
ACE-inhibitor or ARB 5517.0 (41.8) 4900.0 (41.4) 0.009 5347.6 (42.4) 3783.7 (41.8) 0.011
Diuretics 4284.0 (32.5) 2876.0 (24.3) 0.183 3732.9 (29.6) 2516.9 (27.8) 0.039
Statins 4352.0 (33.0) 3459.0 (29.2) 0.082 3995.0 (31.6) 2706.3 (29.9) 0.038

In-hospital treatments
PCI 7335.0 (55.6) 9976.0 (84.2) 0.656 8528.9 (67.5) 6454.0 (71.3) 0.082
Coronary angiography 9204.0 (69.8) 10945.0 (92.4) 0.603 10026.8 (79.4) 7412.3 (81.9) 0.063
Inotropes 217.0 (1.6) 275.0 (2.3) 0.049 249.5 (2.0) 195.2 (2.2) 0.013
Diuretics 2879.0 (21.8) 2111.0 (17.8) 0.101 2662.2 (21.1) 1821.2 (20.1) 0.024
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Table 1 Continued

Unweighted Weighted
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Clopidogrel Ticagrelor SMD Clopidogrel Ticagrelor SMD
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Medications on discharge
Beta-blockers 11542.0 (87.5) 10464.0 (88.3) 0.026 11049.0 (87.5) 7925.6 (87.6) 0.002
Calcium channel antagonists 2943.0 (22.3) 2570.0 (21.7) 0.015 2844.4 (22.5) 2035.7 (22.5) 0.001
Digoxin 111.0 (0.8) 28.0 (0.2) 0.083 74.2 (0.6) 35.6 (0.4) 0.028
ACE-inhibitor or ARB 9989.0 (75.7) 9909.0 (83.6) 0.198 9923.9 (78.6) 7224.0 (79.8) 0.030
Diabetes medications 2646.0 (20.1) 2407.0 (20.3) 0.007 2557.1 (20.3) 1838.7 (20.3) 0.002
Statins 11118.0 (84.3) 11131.0 (93.9) 0.315 11092.3 (87.8) 8015.7 (88.6) 0.022

anti-ischemic therapy outweigh the risks of major bleeding in indi-
viduals who have a high bleeding risk (HBR). In fact, contrary to
the current guidelines, real-world data demonstrate that clopidogrel
is commonly used in MI patients with HBR.13–16 Thus, there is an
ongoing debate as to what may be the optimal strategy for antiplatelet
therapy following MI in patients who are at an elevated risk of major
bleeding.9,16,17

In a previous study by our group, we compared ticagrelor and
clopidogrel in a cohort of MI patients who were >80 years old.
Although we observed a reduced risk of ischemic events in elderly
patients treated with ticagrelor, we also observed that the ticagrelor
group experienced a greater number of bleeding events and had a
higher mortality rate.18 Several studies have shown that older patients
are more susceptible to bleeding, which we believe to be a possible
explanation for why ticagrelor was associated with a higher mortality
rate than clopidogrel in our previous study of elderly MI patients.19–22

However, age is but one of several factors that are known to be asso-
ciated with HBR.23,24 This study aimed to assess treatment outcomes
following DAPT using either clopidogrel or ticagrelor in a general
population of MI patients who are at an elevated risk of bleeding.
Based on our previous findings, we hypothesized that ticagrelor would
be associated with a lower risk of ischemic events, but a higher risk of
both major bleeding and all-cause mortality in MI patients who have
a high risk of bleeding.

Methods
Study population
The Swedish Web-System for Enhancement and Development of
Evidence-Based Care in Heart Disease Evaluated According to Recom-
mended Therapies (SWEDEHEART) registry provides data on all patients
admitted to coronary care units in Sweden with symptoms suggestive
of MI.25 Currently, all Swedish hospitals that provide care for acute
cardiac diseases (n = 74) report to the SWEDEHEART registry, with
data for over 100 variables on baseline characteristics, medication on
admission, in-hospital therapies, complications, and discharge medication
being recorded for all patients (http://www.ucr.uu.se/swedeheart/). The
accuracy of data entered into the SWEDEHEART registry is regularly
evaluated against medical health records by independent reviewers, with
a reported agreement of approximately 96%.25 Patients whose clinical
data is recorded in the SWEDEHEART registry are not asked to provide
informed consent, but they are informed about their participation in the
SWEDEHEART-registry and that they may withdraw consent at any time
should they wish to do so. The study protocol was approved by the
regional ethics committee in Stockholm, Sweden (D-nr: 2012/60-31/2,
2014/1484-32, 2015/332-32).

The study population consisted of MI patients who had received DAPT
using a combination of aspirin and either clopidogrel or ticagrelor following

a diagnosis of acute MI. The study participants were consecutively enrolled
in the SWEDEHEART registry between 1 January 2010, and 31 December
2017. Bleeding risk was assessed using the PRECISE-DAPT score. High
bleeding risk was defined as a PRECISE-DAPT score of 25 or greater,
moderate bleeding risk was defined as a PRECISE-DAPT score of 18–24,
low bleeding risk was defined as a PRECISE-DAPT score of 11–17, and
very low bleeding risk was defined as a PRECISE-DAPT score of 10 or
less.23 We used the alternative 4-item version of the PRECISE-DAPT
score, consisting of age, haemoglobin concentration, prior bleeding, and
creatinine clearance, because data on the white blood cell count was
unavailable in the SWEDEHEART registry. Creatinine clearance was es-
timated using the Cockcroft–Gault equation.23,26

To emulate the design of a putative clinical trial, we excluded patients
who presented with comorbidities that would make them unlikely to be
selected for randomization in a clinical trial of antiplatelet agents, such
as dementia or ongoing dialysis treatment. Additional exclusion criteria
include treatment with direct oral anticoagulants, vitamin K antagonists
or P2Y12-receptor inhibitors on admission, age <18 years, in-hospital
mortality, serious in-hospital bleeding (requiring blood transfusion or
surgery), and hospitalization exceeding 60 days. Moreover, we also ex-
cluded patients who had incomplete data concerning any of the individual
components of the 4-item PRECISE-DAPT score (i.e. age, haemoglobin
concentration, prior bleeding, or creatinine clearance).

Exposure
Patients were considered exposed to either ticagrelor or clopidogrel if
there was a corresponding drug dispensation recorded in the Swedish
Prescribed Drug register within two weeks of hospital discharge. In
cases where data on drug dispensation was unavailable (n = 1009),
we instead determined the exposure for clopidogrel or ticagrelor based
on data recorded in the SWEDEHEART registry concerning DAPT at
discharge.

Outcomes
The endpoints of this study consist of all-cause mortality, recurrent MI,
ischemic stroke, and major bleeding, as well as the composite outcomes
of major adverse cardiovascular events (MACE) and net adverse clinical
events (NACE). Major adverse cardiovascular events was defined as a
composite of all-cause mortality, MI and ischemic stroke, while NACE
was defined as a composite of MACE and major bleeding. The outcomes
of recurrent MI, ischemic stroke, and major bleeding were defined using a
set of International Classification of Diseases (ICD) codes, as detailed in
the supplementary materials (see Supplementary material online, Table SI).
All outcomes were assessed as time to the first event within 365 days of
the discharge date or until the end of the follow-up period on the 31
December 2017, whichever occurred first.

Data on readmission due to adverse cardiovascular events and major
bleeding was obtained from the Swedish national patient registry, which is

http://www.ucr.uu.se/swedeheart/
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Figure 1 Weighted cumulative incidence of treatment outcomes in HBR patients. (a), Major adverse cardiovascular event. (b), Net adverse clinical
event. (c), Myocardial infarction. (d), Ischemic stroke. (e), All-cause mortality. (f), Major bleeding.
Abbreviations: MACE = Major adverse cardiovascular event, NACE = Net adverse clinical event.

based on reported ICD codes from all hospital admissions in Sweden. The
registration of recurrent MI within the first month after hospital discharge
required concomitant entries in both the Swedish national patient registry
and the SWEDEHEART registry. Data on vital status was acquired from
the Swedish population registry.

Statistical analysis
Continuous variables are presented either using means and standard
deviations (SDs) or using medians and interquartile ranges (IQRs),
as appropriate. Categorical variables are presented using counts and
percentages.
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Figure 2 Treatment outcomes in high bleeding risk patients.
Abbreviations: MACE = Major adverse cardiovascular event, NACE = Net adverse clinical event.

To account for confounding by indication, we used inverse proba-
bility treatment weighting (IPTW) to achieve a similar distribution of
observed baseline covariates for the ticagrelor- and clopidogrel groups.27

A multivariable logistic regression model was used to estimate propen-
sity scores, with the assigned treatment as the dependent variable.
The model consisted of 37 covariates: cardiovascular risk factors (age,
sex, smoking, and hypertension), the PRECISE-DAPT score and its var-
ious components, calendar year, prior cardiovascular events (MI, stroke,
and major bleeding), prior revascularization therapy (coronary artery
bypass grafting, and percutaneous coronary intervention [PCI]), comor-
bidities (congestive heart failure, diabetes mellitus, renal failure, chronic
obstructive pulmonary disease, peripheral arterial disease, and cancer),

medications at hospital admission (aspirin, beta-blockers, calcium channel
antagonists, digoxin, angiotensin-converting enzyme [ACE] inhibitors or
angiotensin receptor blockers [ARB], diuretics, statins, and inotropes),
the presence of ST-segment elevation, Killip class, coronary angiography
during the hospital stay, PCI during the hospital stay, medical therapy at
discharge (diuretics, beta-blockers, calcium channel antagonists, digoxin,
ACE-inhibitor or ARB, statins, and medication for diabetes mellitus), cre-
atinine clearance, haemoglobin concentration, and hospital length of stay.
The computed propensity scores were used to calculate weights for each
study participant. The weights were subsequently stabilized by multiplying
the weight by the probability of being exposed to ticagrelor treatment
for those exposed and the probability of being unexposed to ticagrelor
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Figure 3 Relationship between treatment effect and bleeding risk, assessed using the 4-item version of the PRECISE-DAPT score.
Abbreviations: MACE = Major adverse cardiovascular event, NACE = Net adverse clinical event.

treatment for those unexposed, in order to decrease the variance of
the effect estimates.28 Weights were truncated at the 99th percentile, to
limit the potential influence of outliers. We calculated standardized mean
differences (SMD) between the two treatment groups for all parameters,
to examine variable balance before and after IPTW. Weighting was con-
sidered successful if the SMD was between −0.1 and 0.1.

In addition to IPTW, we also included the above-mentioned 39 co-
variates in IPTW adjusted Cox proportional hazards models, to obtain
a doubly robust estimate of causal effect.29 The proportional haz-
ards assumption was evaluated by examining the Schoenfeld residuals.
Additionally, weighted Kaplan–Meier curves were plotted to compare
treatment groups concerning the cumulative incidences of the outcomes.

All statistical analyses were performed using R Statistical Software
(version 4.1.1; R Foundation for Statistical Computing, Vienna, Austria).

Sensitivity analyses
To further explore the relationship between the choice of antiplatelet
therapy and bleeding risk in MI patients who are treated with DAPT,
we performed several sensitivity analyses to examine the interaction
between treatment effect and bleeding risk following antiplatelet therapy
using either clopidogrel or ticagrelor. First, we examined the change in
the hazard ratio for several treatment outcomes following DAPT across
different values of the PRECISE-DAPT score. These results were derived

from a proportional hazards model, which included the PRECISE-DAPT
score as a continuous variable modelled using restricted cubic splines (with
3 knots) and an interaction term between the PRECISE-DAPT score and
antiplatelet therapy. Next, we also examined differences in the absolute
risk of adverse events across several pre-specified subgroups of MI patients
who had different degrees of bleeding risk.

Results
Study population
A total of 25042 MI patients with HBR were included in this study
(Supplemental materials, Supplemental Figure I). Of the included study
participants, 11848 (47.3%) were treated with ticagrelor and the
remainder received clopidogrel, with the proportion of patients being
treated with ticagrelor increasing over time from 0% in 2010 to 80% in
2017 (see Supplementaty material online, Figure II). High bleeding risk
patients who were treated with ticagrelor were, on average, younger
and more likely to present with ST-segment elevation and undergo
invasive therapy than HBR patients who were treated with clopido-
grel (Table 1). Despite these differences between the two treatment
groups, we observed similar distributions of baseline covariates after
covariate adjustment using IPTW (see Table 1; and Supplementary
material online, Figure III).
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Figure 4 Comparison of clopidogrel and ticagrelor across the spectrum of bleeding risk.
Abbreviations: MACE = Major adverse cardiovascular event, NACE = Net adverse clinical event.

Outcomes in patients with a high
bleeding risk
Ticagrelor was associated with a lower risk of MI (hazard ratio [HR],
0.83 [95% CI 0.72–0.96]), stroke (HR, 0.76 [95% CI 0.59–0.98]) and
MACE (HR, 0.89 [95% CI 0.81–0.98]), and a higher risk of bleeding
compared to clopidogrel (HR, 1.27 [95% CI 1.07–1.51]) in MI patients
with HBR (Figures 1 and 2). There were no significant differences in
mortality (HR 0.96 [95% CI 0.85–1.08]) and NACE (HR 0.96 [95% CI
0.88–1.05]).

Association between bleeding risk and
treatment effect
High bleeding risk patients were on average older and less likely to
present with ST-segment elevation, undergo coronary angiography
and receive ticagrelor than MI patients who had a lower bleeding risk
(see Supplementary material online, Table S2). Ticagrelor therapy was
generally more favourable than the use of clopidogrel in patients who
had a lower bleeding risk than in patients who had a higher bleeding
risk when examining the outcome of NACE, although this interaction
was not statistically significant (Figures 3 and 4). While ticagrelor was
associated with a higher absolute risk of major bleeding and a lower
absolute risk of ischemic events in HBR patients than in patients who
presented with a lower bleeding risk, we found that the relative differ-

ence between ticagrelor and clopidogrel remained virtually unchanged
when comparing patients outcomes among individuals who presented
with a moderate- or a high bleeding risk.

Discussion
In this observational study, we aimed to assess whether the ben-
efits of more intensive anti-ischemic therapy outweigh the risks of
major bleeding in MI patients who have a high bleeding risk. We
found that ticagrelor was associated with a lower risk of recurrent
ischemic events, while also being associated with an increased risk
of bleeding compared to clopidogrel in HBR patients. However, we
observed no differences in all-cause mortality and NACE between
ticagrelor and clopidogrel in 25042 MI patients with HBR, which is
in line with the results of other studies on the use of less potent
P2Y12 inhibitors in HBR patients.9,16 Additionally, when examining
the relationship between antiplatelet therapy and bleeding risk in
69040 MI patients, we found no statistically significant interactions
between the PRECISE-DAPT score and treatment effect.
Studies suggest that the use of less intensive anti-ischemic regi-

mens, such as shorter DAPT durations or P2Y12 monotherapy, may
decrease the risk bleeding without significantly increasing the risk of
adverse ischemic events.30,31 In contrast to these findings, we found
that although the less potent P2Y12 inhibitor was associated with a
lower risk of bleeding events, it was also associated with a higher risk
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of ischemic events than the potent P2Y12 inhibitor ticagrelor.32 This
discrepancy may, in part, be explained by differences in study popula-
tions and the definitions used for HBR. Furthermore, it is important
to bear in mind that these strategies of de-escalation are rather
different and therefore may not necessarily have the same associa-
tion with patient outcomes. More research is required to determine
which de-escalation strategies might be most appropriate for HBR
patients.
Currently, there is no consensus regarding the definition of HBR

in patients with coronary heart disease.24,33 The PRECISE-DAPT
score was used in this study because it has performed well in both
external validations and comparisons with other classifications of
HBR and is recommended in the current guidelines.23,34–37 There are,
however, several differences between the derivation cohort of the
PRECISE-DAPT score and the participants of this study. For instance,
the PRECISE-DAPT score was conceived as a bleeding risk score for
patients who undergo coronary stenting, whereas the present cohort
also includes patients who were treated medically. Furthermore, while
the derivation cohort of the PRECISE-DAPT score consisted of clini-
cal trial participants, the current study was based on real-world data.
These discrepancies in study demographics may have affected the
performance of the PRECISE-DAPT score in this cohort, as previously
demonstrated by Wester et al.34

Studies show that the pharmacological effect of P2Y12 inhibitors is
subject to considerable inter-individual differences, which is particu-
larly true for clopidogrel.38,39 In addition to bleeding risk assessments,
pharmacogenomics and platelet function testing have also been pro-
posed to guide the choice of antiplatelet therapy in MI patients.40,41

Given that we did not observe any statistically significant modification
of treatment effect across bleeding risk groups in this study, one
might speculate that other strategies for patient selection may be
more appropriate in guiding the choice of antiplatelet therapy. More
research is required to investigate the impact of patient selection on
the effect of antiplatelet therapy in MI patients.
A limitation of this study is that DAPT duration was not accounted

for in the study protocol, as this parameter was not recorded in the
SWEDEHEART registry at the time of this study. Moreover, we were
unable to adjust for differences in stent type as well as the type of
anticoagulant, which was used in conjunction with PCI. An additional
limitation of this study is that the cause of death was not known.
There is also a risk of survival bias, as the protocol of this study re-
quired the exclusion of patients who died prior to hospital discharge.
Furthermore, we acknowledge that the observational design of this
study constitutes a major limitation, as it allows for the possibility of
residual confounding. The fact that this was an observational study
may, however, also be considered beneficial, as it allowed us to assess
treatment outcomes in a real-world setting.
In conclusion, we found that ticagrelor was associated with a

lower risk of recurrent ischemic events, but a higher risk of major
bleeding compared to clopidogrel in HBR patients. We found no
significant differences in all-cause mortality and NACE when com-
paring ticagrelor and clopidogrel in HBR patients. Furthermore, we
found no statistically significant interactions between bleeding risk and
the comparative effectiveness of clopidogrel and ticagrelor in a larger
population of MI patients.
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