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ABSTRACT

Introduction: Prescribing patterns and subop-
timal adherence present methodological chal-
lenges for real-world head-to-head comparisons
of ticagrelor and clopidogrel in intent-to-treat
studies. The aim of this study was to compare
ticagrelor and clopidogrel in an on-treatment
population.
Methods: This retrospective cohort study used
the OptumTM ClinformaticsTM database to
identify patients with acute coronary syndrome
(ACS) discharged on ticagrelor or clopidogrel
between January 1, 2012 and September 30,
2019. The primary end point was hospitaliza-
tion for myocardial infarction (MI); the sec-
ondary end point was hospitalization for major
bleeding. The ticagrelor and clopidogrel cohorts
were balanced by propensity score matching
(PSM) 1:3 for demographic and clinical charac-
teristics. Outcomes were ascertained from day
31 until day 365 or end of follow-up.

Results: Of 339,387 patients with ACS, 14,110
ticagrelor- and 57,482 clopidogrel-treated
patients met the study criteria. After PSM,
13,373 ticagrelor- and 29,656 clopidogrel-trea-
ted patients provided 4945 and 13,895 patient-
years of data, respectively, for the primary end
point. Hospitalization for MI was significantly
lower in the ticagrelor compared to the clopi-
dogrel cohort (2.22 vs. 3.52 per 100 patient-
years; 36.8% relative risk reduction [RRR];
P\ 0.0001). Hospitalization for major bleeding
was similar in the ticagrelor and clopidogrel
cohorts (2.04 vs. 2.06 per 100 patient-years;
1.1% RRR, P = 0.9214).
Conclusions: In this real-world on-treatment
analysis, hospitalization for MI was significantly
lower with ticagrelor compared to clopidogrel,
with similar rates of hospitalization for major
bleeding. Study findings underscore the impor-
tance of being on the appropriate guideline-
recommended therapy and support the use of
ticagrelor over clopidogrel.
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Key Summary Points

Why carry out this study?

Prescribing patterns and suboptimal
adherence present methodological
challenges for intent-to-treat
observational studies; therefore, results
from real-world studies comparing
ticagrelor and clopidogrel in patients with
acute coronary syndrome (ACS) have been
inconsistent.

This retrospective cohort study compared
hospitalization for myocardial infarction
(MI) and hospitalization due to major
bleeding in an on-treatment population of
patients with ACS discharged on ticagrelor
or clopidogrel.

What was learned from the study?

A significant 36.8% relative risk reduction
in hospitalization for MI between days 31
and 365 after discharge was seen with
ticagrelor compared with clopidogrel
among propensity score-matched cohorts
of on-treatment patients; there was no
significant difference in hospitalization
due to major bleeding.

This is the first on-treatment analysis with
the primary objective of comparing
hospitalization for MI after an ACS with
ticagrelor and clopidogrel in a
contemporary US ACS patient population
in a real-world setting.

The findings of this study support the use
of ticagrelor over clopidogrel as part of
dual antiplatelet therapy (DAPT) for
patients with ACS and underscore the
importance of adherence and persistence
with DAPT.

INTRODUCTION

Acute coronary syndrome (ACS) is a significant
cause of morbidity and mortality worldwide.
There were more than 1 million unique hospi-
talizations for ACS in the United States (US) in
2016 [1]. Patients with a history of ACS have an
increased long-term risk of recurrent major
adverse cardiovascular events (MACE), includ-
ing myocardial infarction (MI), and 1-year
mortality [2, 3]. Dual antiplatelet therapy
(DAPT) with aspirin and a P2Y12 inhibitor for at
least 12 months (6–12 months for patients with
increased bleeding risk) has been shown to
reduce the risk of recurrent cardiovascular
events [4].

Ticagrelor is a direct-acting and reversible
P2Y12 inhibitor with more potent antiplatelet
activity than clopidogrel [5, 6]. DAPT with
ticagrelor in preference to clopidogrel in com-
bination with aspirin is recommended in cur-
rent ACS guidelines from the American College
of Cardiology/American Heart Association (class
IIa) and the European Society of Cardiology,
based on the results of the PLATO trial [4, 7, 8].
This randomized, double-blind trial in 18,624
patients with ACS, with or without ST-segment
elevation, demonstrated a significant reduction
in the risk of the composite end point of death
due to vascular causes, MI, or stroke at
12 months with ticagrelor compared with
clopidogrel (9.8 vs. 11.7%; hazard ratio [HR]
0.84, 95% CI 0.77–0.92; P\0.001). There were
also significant reductions with ticagrelor vs.
clopidogrel in the rates of the prespecified sec-
ondary end points of death from any cause, MI,
or stroke (10.2 vs. 12.3%; HR 0.84, 95% CI
0.77–0.92; P\ 0.001), MI alone (5.8 vs. 6.9%;
HR 0.84, 95% CI 0.75–0.95; P = 0.005), and
death from vascular causes (4.0 vs. 5.1%; HR
0.79, 95% CI 0.69–0.91; P = 0.001) [9]. There
was no significant difference in overall PLATO
major bleeding; however, PLATO non-coronary
artery bypass graft-related major bleeding was
increased with ticagrelor compared with clopi-
dogrel (P = 0.03) [9].

Ticagrelor and clopidogrel have also been
compared in real-world studies in patients with
ACS, although the results for these intention-to-
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treat (ITT) observational studies have been
inconsistent. The benefit of ticagrelor compared
with clopidogrel was demonstrated in a large
real-world population of ACS patients treated
over 24 months in the SWEDEHEART study
[10]. In this ITT prospective cohort study,
45,073 patients were analyzed based on whe-
ther ticagrelor was prescribed on discharge [10].
The intended duration of DAPT with ticagrelor
and aspirin at discharge was 12 months in
83.8% of patients and\12 months in 7.1%
[10]. Ticagrelor was associated with a lower
adjusted risk of the composite end point of all-
cause mortality or rehospitalization for MI or
stroke compared with clopidogrel (HR 0.85,
95% CI 0.78–0.93) [10].

ITT methodologies in observational studies
have inherent limitations, including that
patient classification uses baseline treatment
assignment, but outcome assessments occur
later, at which point patients may have swit-
ched treatments [11, 12]. Bias may occur when
treatment switching occurs more frequently in
one group than others, treatment adherence
varies among groups, confounders are not
properly considered, or treatment duration
varies depending on outcome [11, 12].

Differences in outcomes among ITT obser-
vational studies may reflect these methodolog-
ical limitations. For example, a retrospective ITT
analysis in 11,185 patients with ACS who
underwent percutaneous coronary intervention
(PCI) classified patients according to prescribed
P2Y12 inhibitor treatment had findings that
were discordant with those of SWEDEHEART as
well as the PLATO trial, which included medi-
cally managed patients as well as those who
underwent PCI [13]. In this study, a higher
proportion of patients in the ticagrelor cohort
than in the clopidogrel cohort switched treat-
ments (14.0 and 2.3%, respectively) and most
(91%) of the patients switching from ticagrelor
to clopidogrel did so prior to a MACE, whereas
only 57% of patients who switched from clopi-
dogrel did so before a MACE [13]. The study did
not find a reduced risk of the primary composite
outcome of all-cause death, hospitalization for
nonfatal ACS, coronary revascularization (ex-
cluding planned staged PCI) or stent thrombosis
within 365 days after the index hospitalization,

with ticagrelor compared with clopidogrel after
multivariable adjustment (adjusted HR 0.97,
95% CI 0.85–1.10) [13].

Given the limitations of ITT analyses in
observational studies, the aim of this study was
to compare the incidence of hospitalization for
MI in an on-treatment population of patients
with ACS receiving post-discharge treatment
with either ticagrelor or clopidogrel in real-
world clinical practice.

METHODS

This was a retrospective, observational cohort
study using real-world data from patients trea-
ted with ticagrelor or clopidogrel following
hospitalization for an ACS event. Data were
obtained from the OptumTM ClinformaticsTM

Data Mart (Optum CDM) database, a closed
system of de-identified health claims data for
patients with commercial or Medicare Advan-
tage coverage from a large national US health
insurer. The database includes summary infor-
mation on inpatient hospital stays and infor-
mation on services performed in an inpatient
setting, which were used to identify hospital-
izations for MI. This analysis used patient-level
data on diagnoses, prescriptions, place of ser-
vice (inpatient hospitalizations), and proce-
dures from January 1, 2011 to September 30,
2019.

Institutional Review Board approval and
written informed consent from patients were
not required because this study used only
de-identified claims data. The data source for
this study was the OptumTM ClinformaticsTM

database, which can be accessed by license
from Optum (https://www.optum.com/business/
solutions/life-sciences.html).

Eligibility Criteria

The study included patients with ACS, identi-
fied by International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9 CM)
and International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10 CM)
diagnosis codes for ST-elevation myocardial
infarction (STEMI), non-ST-elevation
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myocardial infarction (NSTEMI), unstable ang-
ina (UA), and acute MI (see Table S1 in the
electronic supplementary material).

Patients were required to have at least one
Medicare or commercial inpatient hospitaliza-
tion claim for an ACS event between January 1,
2012 and September 30, 2019, to have 1 year of
continuous enrollment before this index ACS
event, and to have filled a prescription for
ticagrelor (90 mg) or clopidogrel (75 mg or
300 mg) within 30 days of discharge (index
medication). Exclusion criteria were
age\18 years at the index medication fill date
and a prescription for both ticagrelor and
clopidogrel within 1 month of discharge.
Patients with a prescription for ticagrelor or
clopidogrel within 30 days who did not con-
tribute to patient-years (i.e., no prescription
covering day 31 or later) were also excluded.

Patients were stratified according to which
P2Y12 inhibitor they were prescribed as their
index medication (ticagrelor or clopidogrel
cohort).

Outcome Measures

The primary objective of the study was to
compare incidence rates and cumulative inci-
dence of inpatient hospitalization for MI in
patients with ACS treated with ticagrelor or
clopidogrel from day 31 to day 365 (or end of
follow-up). Events were identified by ICD-9 CM
and ICD-10 CM diagnosis codes during inpa-
tient admissions (see Table S2 in the electronic
supplementary material). The primary objective
hypothesis was that ticagrelor would be associ-
ated with a lower risk of hospitalization for MI
than clopidogrel, based on the findings of
PLATO. MI was chosen as the efficacy outcome
of interest rather than a composite MACE out-
come because the Optum CDM database does
not capture mortality data for all patients.

The secondary objective was to compare
incidence rates and cumulative incidence of
inpatient hospitalizations due to major bleed-
ing in the ticagrelor and clopidogrel popula-
tions from day 31 to day 365 (or end of follow-
up plus 7 days). Events were identified by ICD-9
CM and ICD-10 CM diagnosis codes for

intracranial, gastrointestinal, pulmonary, uro-
logic, and other major bleeding during inpa-
tient admissions (see Table S3 in the electronic
supplementary material). The hypothesis for
the secondary objective, based on PLATO, was
that ticagrelor would be associated with a
higher risk of hospitalization for major bleeding
compared with clopidogrel.

Event rates per 100 patient-years for hospi-
talization for MI and hospitalization for major
bleeding were compared without balancing for
covariates and also after propensity score
matching (PSM) to match patient baseline
characteristics and control for event severity.
Kaplan–Meier curves were used to plot the
incident frequency of hospitalization for MI.

Patients were followed from the index date
(day 31 after ACS discharge) until the earliest of
the following events, after which they were
censored: discontinuation (date of last fill plus
number of days of supply and a grace period of
7 days per 30 days of supply); hospitalization for
MI (outcome of interest); switching treatment
to another P2Y12 inhibitor or a prescription for
a lower ticagrelor dose (60 mg); or 365 days after
ACS discharge.

The primary and secondary outcomes were
also evaluated before and after PSM in patient
subgroups, stratified by age (\65 years
and C 65 years), PCI procedure for the index
ACS event (yes/no), history of type 2 diabetes
(T2D; yes/no), and history of chronic kidney
disease (CKD; yes/no).

Statistical Methods

Sample size calculation was done with a two-
tailed Chi-squared test with an alpha of 0.05
and power of 80%. A minimum of 7714 patients
in each cohort was required to provide suffi-
cient power to demonstrate a 16% relative risk
reduction (RRR) for hospitalization for MI,
based on the reduction in MI events in the
PLATO trial. Descriptive statistics were used to
report demographic and clinical characteristics
pre- and post-PSM; P values were calculated for
the post-PSM populations only.

PSM was used to balance the ticagrelor and
clopidogrel cohorts by adjusting for differences
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in baseline demographic variables (patient
characteristics and medical history) at the time
of the index ACS event (Table S4 in the elec-
tronic supplementary material). Correlation
among covariables was assessed before PSM, and
highly correlated variables were combined
using feature engineering or removed. PSM was
performed using 1:3 neighbor matching with a
0.01 caliper value. The PSM method aimed to
capture as many patients from the clopidogrel
population as possible while ensuring that the
quality of the match was not compromised. A
standardized mean difference (SMD) for con-
tinuous variables and raw difference for cate-
gorical variables with a threshold value
of\ 0.05 was used to define balance. Visual
inspection was also done using his-
tograms/density plots.

The ticagrelor and clopidogrel cohorts were
balanced after PSM (Figure S1 and Table S5 in
electronic supplementary material).

Additional sensitivity analyses were per-
formed with exact matching on ACS type and

prior history of MI, followed by optimal full
matching using all remaining covariates, as
described in the electronic supplementary
material (Tables S6 and S7).

Statistical analyses were performed using
RStudio statistical software cobalt package
(RStudio Inc., Boston, MA, USA).

RESULTS

There were 339,387 patients with Medi-
care/commercial claims for hospitalization for
ACS between January 1, 2012 and September
30, 2019. Of these, 71,592 patients met the
inclusion criteria: 14,110 and 57,482 in the
ticagrelor and clopidogrel cohorts, respectively
(Fig. 1), providing 5219 and 26,457 patient-
years of data for the primary end point,
respectively; corresponding values for the sec-
ondary end point were 5489 and 27,560
patient-years, respectively. After PSM, the tica-
grelor and clopidogrel cohorts included 13,373
and 29,656 patients, respectively,

Fig. 1 Patient attrition. ACS acute coronary syndrome. aIncludes 10,492 patients with claims for prasugrel
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Table 1 Patient demographics, procedures, and diagnosis covariates before and after propensity score matching

Ticagrelor,
pre-PSM
(n = 14,110)

Clopidogrel,
pre-PSM
(n = 57,482)

Ticagrelor,
post-PSM
(n = 13,373)

Clopidogrel,
post-PSM
(n = 29,656)

Differencea

post-PSM

Age, years, mean (SD) 66 (12) 70 (12) 66 (12) 68 (12) 0.0134

Gender

Male 9700 (68.7) 35,561 (61.9) 9045 (67.6) 19,403 (65.4) 0.0034

Female 4409 (31.2) 21,908 (38.1) 4327 (32.4) 10,253 (34.6) - 0.0035

Other 1 (0.0) 13 (0.0) 1 (0.0) 0 (0.0) 0.0001

Regionb

Midwest 3525 (25.0) 13,933 (24.2) 3307 (24.7) 7203 (24.3) 0.0025

Northeast 1598 (11.3) 7315 (12.7) 1549 (11.6) 3572 (12.0) - 0.0006

South 6539 (46.3) 24,583 (42.8) 6125 (45.8) 13,389 (45.1) - 0.0033

West 2436 (17.3) 11,586 (20.2) 2380 (17.8) 5475 (18.5) 0.0012

Other 12 (0.1) 65 (0.1) 12 (0.1) 17 (0.1) 0.0003

Procedure history

PCI 313 (2.2) 1764 (3.1) 301 (2.3) 750 (2.5) - 0.0011

CABG 104 (0.7) 995 (1.7) 103 (0.8) 278 (0.9) - 0.0001

Comorbidity (diagnosis

history)c

Heart failure 1224 (8.7) 9907 (17.2) 1222 (9.1) 3373 (11.4) 0.0003

MI 1319 (9.3) 6753 (11.7) 1287 (9.6) 3139 (10.6) - 0.0005

Dyslipidemia 8478 (60.1) 39,027 (67.9) 8213 (61.4) 18,977 (64.0) 0.0048

PAD 1227 (8.7) 9113 (15.9) 1218 (9.1) 3320 (11.2) - 0.0001

T2D 4640 (32.9) 23,068 (40.1) 4521 (33.8) 10,825 (36.5) 0.0022

TIA 259 (1.8) 1968 (3.4) 257 (1.9) 686 (2.3) 0.0001

AF 745 (5.3) 6300 (11.0) 745 (5.6) 2114 (7.1) - 0.0017

Hypertension 9042 (64.1) 42,675 (74.2) 8820 (66.0) 20,449 (69.0) 0.0094

Ischemic stroke 326 (2.3) 2476 (4.3) 326 (2.4) 903 (3.0) - 0.0002

CKD 2288 (16.2) 14,018 (24.4) 2270 (17.0) 5885 (19.8) 0.0007

Anemia 2669 (18.9) 16,357 (28.5) 2653 (19.8) 6835 (23.0) 0.0035

Hospitalization for

major bleeding

811 (5.7) 4727 (8.2) 790 (5.9) 1970 (6.6) - 0.0002

CCI score

Mean (SD) 1.92 (2.44) 2.72 (2.81) 1.99 (2.47) 2.25 (2.57) 0.0041

Median 1 2 1 1 –
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Table 1 continued

Ticagrelor,
pre-PSM
(n = 14,110)

Clopidogrel,
pre-PSM
(n = 57,482)

Ticagrelor,
post-PSM
(n = 13,373)

Clopidogrel,
post-PSM
(n = 29,656)

Differencea

post-PSM

Index date year

2012 299 (2.1) 9070 (15.8) 299 (2.2) 972 (3.3) - 0.0019

2013 830 (5.9) 8639 (15.0) 830 (6.2) 2651 (8.9) - 0.0041

2014 885 (6.3) 7131 (12.4) 885 (6.6) 2535 (8.5) 0.0020

2015 1158 (8.2) 6817 (11.9) 1158 (8.7) 3281 (11.1) - 0.0011

2016 1474 (10.4) 6234 (10.8) 1472 (11.0) 3735 (12.6) - 0.0006

2017 2932 (21.8) 7191 (12.5) 2841 (21.2) 5721 (19.3) 0.0040

2018 3753 (26.6) 7468 (13.0) 3375 (25.2) 6393 (21.6) - 0.0042

2019 2779 (19.7) 4932 (8.6) 2513 (18.8) 4368 (14.7) 0.0059

Index ACS type

NSTEMI 6863 (48.6) 35,461 (61.7) 6858 (51.3) 17,354 (58.5) 0.0087

UA 450 (3.2) 6682 (11.6) 450 (3.4) 1443 (4.9) - 0.0030

STEMI 6742 (47.8) 15,123 (26.3) 6010 (44.9) 10,747 (36.2) - 0.0058

Multipled 55 (0.4) 216 (0.4) 55 (0.4) 112 (0.4) –

Concomitant

medicationse

Beta-blocker 1623 (11.5) 9005 (15.7) 1603 (12.0) 3905 (13.2) –

ACE-I 3659 (25.9) 19,197 (33.4) 3526 (26.4) 9081 (30.6) –

ARB 4841 (34.3) 23,053 (40.1) 4719 (35.3) 10,961 (37.0) –
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corresponding to 94.8 and 51.6% of the pre-
PSM cohorts. There were 4945 and 13,895
patient-years of data for the primary end point
and 5202 and 14,464 patient-years of data for
the secondary end point for the ticagrelor and
clopidogrel cohorts, respectively.

The majority of patients were male and the
mean age in the ticagrelor and clopidogrel
cohorts was 66 and 70 years (66 and 68 years
post-PSM), respectively; most patients had no
prior history of MI or hospitalization for major
bleeding (Table 1). The proportion of patients
using anticoagulants during the follow-up per-
iod was lower in the ticagrelor cohort than in
the clopidogrel cohort. Before PSM, 851 patients
(6.0%) in the ticagrelor cohort and 6779
patients (11.8%) in the clopidogrel cohort were
taking anticoagulants; post-PSM values were
830 (6.2%) and 3510 (11.8%), respectively. The
mean (standard deviation) duration of antico-
agulant use in the post-PSM population was 91

(84) days in the ticagrelor cohort and 120 (100)
days in the clopidogrel cohort.

Before PSM, the ticagrelor and clopidogrel
cohorts were unbalanced with respect to age,
some index years (2012, 2013, 2014, 2017,
2018, and 2019), male gender, Charlson’s
Comorbidity Index score, some baseline
comorbidities (heart failure, dyslipidemia,
peripheral artery disease, CKD, T2D, atrial fib-
rillation, hypertension, and anemia), and some
index ACS types (NSTEMI, UA, STEMI) (see
Figure S1i and Table S5 in the electronic sup-
plementary material). These covariates were
balanced after PSM, as indicated by SMD or raw
difference values below the\0.05 threshold
(see Table S5 in the electronic supplementary
material), and similar propensity score distri-
butions for both cohorts (see Figure S1ii in the
electronic supplementary material). PSM also
produced balanced cohorts for the subgroups
analyzed (data not shown).

Table 1 continued

Ticagrelor,
pre-PSM
(n = 14,110)

Clopidogrel,
pre-PSM
(n = 57,482)

Ticagrelor,
post-PSM
(n = 13,373)

Clopidogrel,
post-PSM
(n = 29,656)

Differencea

post-PSM

Statin 6268 (44.4) 30,350 (52.8) 6057 (45.4) 14,645 (49.4) –

Data are n (%) unless otherwise indicated
a Standardized mean difference for continuous variables; raw difference for categorical variables
b Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, North Dakota, Nebraska, Ohio, South Dakota,
Wisconsin; Northeast: Connecticut, Massachusetts, Maine, New Hampshire, New Jersey, New York, Pennsylvania, Rhode
Island, Vermont; South: Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky, Louisiana,
Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia; West:
Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington,
Wyoming; Other: Puerto Rico, Unknown
c Comorbidities were identified by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9
CM) and International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10 CM) diagnosis codes
d Includes all combinations of[ 1 ACS type
e Post-PSM cohorts: ticagrelor n = 13,371, clopidogrel n = 29,657
ACE-I angiotensin-converting enzyme inhibitor, ACS acute coronary syndrome, AF atrial fibrillation, ARB angiotensin
receptor blocker, CABG coronary artery bypass grafting, CCI Charlson’s Comorbidity Index, CKD chronic kidney disease,
MI myocardial infarction, NSTEMI non-ST-elevation myocardial infarction, PAD peripheral artery disease, PCI percu-
taneous coronary intervention, PSM propensity score matching, SD standard deviation, STEMI ST-elevation myocardial
infarction, T2D type 2 diabetes, TIA transient ischemic attack, UA unstable angina
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Hospitalization for Myocardial Infarction

Hospitalization for MI was lower in the tica-
grelor cohort than the clopidogrel cohort, with
event rates of 2.17 vs. 4.10 per 100 patient-years
(47.3% RRR) before PSM (see Figure S2i in the
electronic supplementary material) and 2.22 vs.
3.52 per 100 patient-years (36.8% RRR;
P\ 0.0001) after PSM (Fig. 2). The Kaplan–Me-
ier plot indicated that the probability of survival
without hospitalization for MI was significantly
greater for the ticagrelor vs. clopidogrel cohort
throughout the treatment period (P\ 0.0001)
(Fig. 3).

Hospitalization Due to Major Bleeding

Hospitalization for major bleeding was lower in
the ticagrelor cohort than in the clopidogrel
cohort before PSM (event rate 1.95 vs. 2.28 per
100 patient-years; RRR 14.6%) (see Figure S2ii in
the electronic supplementary material).

However, the event rates in the ticagrelor and
clopidogrel cohorts were similar after PSM (2.04
vs. 2.06 per 100 patient-years; 1.1% RRR;
P = 0.9214) (Fig. 4).

Subgroup Analyses

Subgroup analyses after PSM indicated that
ticagrelor was associated with significant
reductions in hospitalization for MI in the
subgroups of patients aged C 65 years, with PCI
for the index ACS event, without T2D, and
without CKD, but not for the subgroups with
age\65 years, without PCI for the index ACS
event, with T2D, or with CKD (Fig. 5, see also
Table S8 in the supplementary material). Results
for subgroups pre-PSM are presented in Table S9
in the supplementary material.

There were no statistically significant differ-
ences between ticagrelor and clopidogrel for
hospitalization due to major bleeding in most
subgroups. However, in the subgroup of

Fig. 2 Hospitalization for MI post-propensity score matching. MI myocardial infarction, RRR relative risk reduction
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patients who did not undergo PCI for the index
ACS event (549 and 1936 patient-years of fol-
low-up for ticagrelor and clopidogrel, respec-
tively), the event rates for ticagrelor and

clopidogrel were 4.01 and 2.43 per 100 patient-
years, respectively, and the RRR of - 65.0%
favored clopidogrel over ticagrelor (P = 0.0467)
(see Figure S3 and Table S10 in the electronic

Fig. 3 Kaplan–Meier curve for hospitalization for MI (post-propensity score matching). Log-rank P value: P\ 0.0001. MI
myocardial infarction
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supplementary material). Results for subgroups
pre-PSM are presented in Table S11 in the elec-
tronic supplementary material.

DISCUSSION

This is the first on-treatment analysis with the
primary objective of comparing hospitalization
for MI after an ACS event with ticagrelor and
clopidogrel in a US population in a real-world
setting. After an ACS event, a significant pro-
portion of patients experience recurrent MACE,
including MI [2, 3], with consequent clinical
and economic impacts. Non-adherence to
therapy is a major predictor of developing sub-
sequent cardiovascular events leading to rehos-
pitalization in patients with ACS [14]. This
analysis underscores the importance of adher-
ence to the appropriate guideline-recom-
mended therapy, in this case ticagrelor in
preference to clopidogrel for at least 12 months

(6–12 months for patients with increased
bleeding risk) post-ACS [4]. This study supports
the efficacy findings of the PLATO trial [9], and
confirms the effectiveness of ticagrelor in a real-
world setting.

In this population of patients who were on-
treatment with their discharged P2Y12 inhi-
bitor, hospitalization for MI was significantly
lower in the overall ticagrelor cohort compared
with the clopidogrel cohort. Reductions in
hospitalization for MI were also seen with tica-
grelor vs. clopidogrel in subgroups of patients
aged C 65 years, without T2D at baseline,
without CKD at baseline, and with PCI for the
index ACS event.

The reduction in hospitalizations for MI seen
with ticagrelor vs. clopidogrel in the overall
study population was also not at the expense of
an increase in hospitalizations due to major
bleeding. There was no significant difference
between ticagrelor and clopidogrel in the risk of
hospitalization for major bleeding in most of

Fig. 4 Hospitalization for major bleeding post-propensity score matching. RRR relative risk reduction
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the subgroups studied. The exception was the
subgroup of patients who did not undergo PCI
for the index ACS event, in which ticagrelor was
associated with a higher risk for hospitalization
due to major bleeding compared with clopido-
grel. However, this should be interpreted with
caution due to the small size of this subgroup
(549 and 1936 patient-years of follow-up for
bleeding for ticagrelor and clopidogrel,
respectively).

In the US, prescribing patterns and treat-
ment persistence have presented methodologi-
cal challenges for real-world head-to-head
comparisons. The methods used in this analysis
to ensure patients were on-treatment with their

discharged index P2Y12 inhibitor throughout
the follow-up period, combined with balancing
of the cohorts by PSM, overcome some of the
potential limitations of real-world observational
studies.

Results of this study vary from the findings of
earlier real-world studies comparing ticagrelor
and clopidogrel, which had the inherent limi-
tations of the ITT analysis methods used. An ITT
observational analysis in approximately 11,000
patients with ACS with planned PCI found no
significant reduction in hospitalization for ACS
with ticagrelor vs. clopidogrel (adjusted HR
0.93; 95% CI 0.79–1.09) 365 days after the index
ACS hospitalization [13]. However, major
bleeding was increased with ticagrelor vs.
clopidogrel [13]. Similarly, the SWEDEHEART
study reported readmission for MI at 24 months
was lower with ticagrelor vs. clopidogrel,
although the difference was not statistically
significant after adjustment for confounders
(adjusted HR 0.89; 95% CI 0.78–1.01) [10]. The
study also reported that bleeding requiring
admission occurred more frequently with tica-
grelor vs. clopidogrel over 24 months [10].

The findings of this study highlight the
importance of adherence and persistence with
guideline-recommended antiplatelet therapy
for the reduction of hospitalization for MI post-
ACS. However, despite guideline recommenda-
tions for DAPT for at least 12 months (6–-
12 months for patients with increased bleeding
risk) post-ACS with ticagrelor in preference to
clopidogrel [4], a significant proportion of
patients discontinue P2Y12 inhibitor therapy
within 1 year [15–18]. Furthermore, de-escala-
tion of P2Y12 inhibitor therapy, from ticagrelor
or prasugrel to clopidogrel, occurs relatively
frequently [19, 20]. Early discontinuation of
DAPT has been found to be associated with an
increased risk of MACE [17, 18]; therefore,
efforts to improve adherence (including
addressing affordability for patients) [16, 21],
and maintaining patients on more potent
P2Y12 inhibitors have the potential to improve
outcomes in patients with ACS without the
expense of hospitalization due to major
bleeding.

Fig. 5 Hospitalization for MI in patient subgroups post-
propensity score matching. ACS acute coronary syndrome,
CKD chronic kidney disease (stage 1–5), MI myocardial
infarction, PCI percutaneous coronary intervention, T2D
type 2 diabetes. aP\ 0.0001; bP = 0.0005; cP = 0.0009;
dP = 0.0001
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Study Strengths and Limitations

The Optum CDM database provides longitudi-
nal data from a large sample ([ 90 million
patients,[ 150,000 health care providers),
allowing adequate sample sizes for the ACS
population and ticagrelor and clopidogrel
cohorts. The study population was representa-
tive of insured patients in the US, and the
results are therefore likely generalizable to this
population but not to uninsured patients.

Censoring patients after discontinuation
based on the date of the last fill plus a 7-day
grace period for every 30 days of supply was a
proxy for persistence with treatment. Patients
switching from their index medication were
also censored, preventing categorization of
patients to a medication cohort without having
received that medication during the treatment
period, as is likely in an ITT observational
analysis. This was particularly important for this
study because patients are frequently de-esca-
lated from ticagrelor to clopidogrel in clinical
practice [22].

This study has limitations inherent to retro-
spective analyses and the use of claims-based
data. Prescription claims recorded in the Optum
CDM database can only account for distribution
of medication, not actual use. Use of over-the-
counter medications such as aspirin was not
captured; therefore, DAPT was inferred as per US
treatment guidelines for ACS [4].

The Optum CDM database did not report
mortality information for all patients. However,
the discontinuation criteria ensured consistent
prescriptions for ticagrelor or clopidogrel during
the follow-up period, which increased the like-
lihood of patients being alive and on treatment.
The lack of mortality data also meant that
mortality due to non-MI events during the fol-
low-up period was not captured. Therefore, the
incidence of vascular death in the ticagrelor and
clopidogrel cohorts could not be compared;
however, it is unlikely that vascular death
would be higher with ticagrelor, based on the
results of the PLATO study [9]. No difference in
non-cardiovascular mortality was expected, as
this was not observed in PLATO [9].

Although the study cohorts appeared bal-
anced after PSM, there is a possibility of residual

confounding effects that cannot be controlled
with PSM, and it is not possible to determine
the potential effect of unmeasured covariates on
treatment selection or outcomes [23].

CONCLUSIONS

This real-world on-treatment analysis showed
that among patients with ACS that persisted
with treatment, hospitalization for MI was sig-
nificantly reduced with ticagrelor compared
with clopidogrel, with no significant difference
in hospitalization for bleeding. These findings
in a real-world contemporary US ACS popula-
tion highlight the importance of adherence to
guideline-recommended antiplatelet therapy
post-ACS.
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