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Abstract
Background Acute coronary syndrome (ACS)-related readmission is an important hospital quality measure. Medication 
management therapy, especially adherence to antiplatelet agents post discharge, could play an important role in reducing 
readmission rates. Newer agents such as ticagrelor and prasugrel have been shown, in randomized control trials, to have 
superior effectiveness to cardiovascular outcomes compared to clopidogrel, but they are more expensive and have more 
common adverse events such as bleeding and dyspnea.
Objective We compared real-world readmission rates and adherence to antiplatelet agents among patients who initiated 
these agents post discharge.
Methods This was a retrospective cohortstudy of patients with an index ACS-related hospitalization between 1 July 2017 
and 31 December 2018. Using integrated pharmacy and medical claims data from a large national pharmacy benefits man-
ager for commercially insured adults aged ≥ 18 years, we compared ACS-related readmission and medication adherence (as 
medication possession ratio (MPR)) among the three agents. ANOVA and logistic regression, controlling for demographics 
such as age, gender, and Charlson Comorbidity Index, were used to estimate any association between the agents and 365-
day readmission rates.
Results Of the 948 eligible patients, 86, 342, and 520 were initiated on prasugrel, ticagrelor, and clopidogrel (PTC), respec-
tively. There were 4.7%, 5.3%, and 8.5% readmissions rates in the PTC cohorts, respectively, but these were not statistically 
significant in either the ANOVA or the logistic regression analyses. MPR was highest in the ticagrelor (88.1%) cohort, fol-
lowed by the prasugrel (79.1%) and clopidogrel (76.4%) cohorts.
Conclusion Ticagrelor cohort had the highest medication adherence. Clopidogrel cohort had the highest readmission rate 
but the difference with the other cohorts was statistically insignificant.
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1 Introduction

In the Study of Platelet Inhibition and Patient Outcomes 
(PLATO) and the Trial to Assess Improvement in Thera-
peutic Outcomes by Optimizing Platelet Inhibition with 
Prasugrel-Thrombolysis in Myocardial Infarction (TRITON-
TIMI), ticagrelor and prasugrel, respectively, were shown to 
be superior to clopidogrel for reducing ischemic complica-
tion and stent thromboses. The American Heart Associa-
tion/American College of Cardiology (AHA/ACC) in their 
2016 guidelines, therefore, recommended their use over 

clopidogrel in patients with acute coronary syndrome (ACS) 
(Non-ST Elevation-Acute Coronary Syndrome (NSTE-ACS) 
or ST Segment Elevation Myocardial Infarction (STEMI)). 
Specifically, they recommended use of ticagrelor after coro-
nary stent implantation without revascularization or prasu-
grel for those who are not at high risk for bleeding compli-
cations or without a history of stroke or transient ischemic 
attack [1–3]. Subsequent studies and meta-analyses show 
mixed results of either confirmatory superior effectiveness 
or no differences in effectiveness between clopidogrel and 
ticagrelor or prasugrel; however, a higher rate of bleeding 
and dyspnea in ticagrelor versus clopidogrel is well estab-
lished [4–6].

Readmission rates of patients with ACS remain a con-
cern and hence this metric is one of the measures tracked 
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Key Points 

Ticagrelor and prasugrel are recommended over clopi-
dogrel in patients with acute coronary syndrome under 
certain conditions.

Clopidogrel is preferred when cost, bleeding, and dysp-
nea are important considerations.

In a cohort of 948 patients, we found ticagrelor to have 
the highest medication adherence rate (88%) compared 
to prasugrel (79%) and clopidogrel (76%).

Although the clopidogrel cohort had the highest read-
mission rate, the differences among the three cohorts 
were not statistically significant in the multiple logistic 
regression model.

integrated member enrollment, pharmacy administrative and 
medical claims of a large national (USA) pharmacy benefits 
manager (PBM). The target population comprised patients 
who were continuously eligible between 1 January 2017 
and 31 December 2019, aged ≥ 18 years as of 1 January 
2017, and were hospitalized for an episode of ACS in the 
index period (Fig. 1). The index period spanned an 18-month 
period from 1 July 2017 through 31 December 2018. The 
first ACS-related hospitalization date in the index period was 
considered the index date. Outcomes were assessed within 
365 days post index date. Patients were categorized into 
ticagrelor, clopidogrel, or prasugrel cohorts based on the 
study medication prescribed post index event. Patients were 
excluded from the analysis if they had a prior ACS-related 
hospitalization or prior antiplatelet medication claim in the 
pre-period (previous 180 days), or switched study medica-
tions in the post-index analysis period.

2.2  Variables

The outcomes of interest were the proportion of ACS-related 
inpatient readmissions and medication adherence measured 
as medication possession ratio (MPR) in each of the three 
patient cohorts. The MPR was computed as the sum of the 
days’ supply of the study medications divided by the length 
of the study period (365 days).

In addition to antiplatelet medication, other patient char-
acteristics included in the study were age, gender, any inpa-
tient hospitalization in the pre-period, history of bleeds, 
ischemic complications, coronary stent use, number of days 
between index date and first prescription of study medica-
tion, MPR (for study medications and other cardiovascular 
medications), and Charlson Comorbidity Index (CCI) (based 
on medical claims from the pre-period).

2.3  Statistical Analysis

Descriptive statistics were estimated and bivariate differ-
ences between the medication groups were tested using 
a Pearson  chi-square test for categorical variables and 
ANOVA for continuous variables. Multivariate logistic 
regression analysis was performed to estimate the associ-
ation of the type of study medication used with the odds 
of ACS-related inpatient readmissions, controlling for the 

Fig. 1  Study timeline
Index Period   07/01/2017 – 12/31/2018
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by the Centers for Medicare and Medicaid (CMS) Hospital 
Readmission Reduction Program and is a component in the 
Medicare star ratings [7, 8]. Dyspnea and bleeding, which 
may be more common with ticagrelor, are associated with 
higher readmission rates [3, 9]. Likewise, medication non-
adherence, which may be greater for branded products with 
higher co-pays, is associated with higher readmissions [10].

Influenced by the paucity of real-world comparative 
effectiveness studies of the antiplatelet medications, in this 
study we retrospectively compared the medication adher-
ence and ACS-related hospital readmissions of patients with 
ACS who initiated ticagrelor, prasugrel, or clopidogrel post 
discharge.

2  Methods

2.1  Data and Study Design

This was a retrospective cohort study designed to examine 
recurrence of inpatient hospitalizations for patients initi-
ating antiplatelet treatment for ACS after an ACS-related 
index hospitalization. ACS-related hospitalizations included 
acute/chronic ischemic heart disease (I24.9, I25*, I24*), 
unstable angina (I20.0), and myocardial infarction (I21.0-4, 
I21.9, I21.A*, I22). Data were derived from de-identified, 
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confounding variables listed above. Everyone in the sample 
had continuous eligibility without censorship or switch-
ing of medication concerns, making logistic regression an 
appropriate model for analysis. We also analyzed patients 
who switched between antiplatelets for context. Statistical 
significance was set at p < 0.05. All analyses were conducted 
in SAS statistical software version 9.4 (SAS Institute, Cary, 
NC, USA).

3  Results

3.1  Patient Characteristics

Of the total 948 eligible patients who experienced an ACS-
related inpatient hospitalization within the study index 
period, 86, 520, and 342 were initiated on PCT, respectively 
(Fig. 2). The average ages of patients initiated on PCT were 
55.9, 55.8, and 54.1 years, respectively (Table 1; clopidogrel 
vs. ticagrelor p < 0.05). The percent male in the prasugrel, 
clopidogrel and ticagrelor cohorts were 81.4%, 68.8% and 
77.8%, respectively (prasugrel vs. clopidogrel and clopi-
dogrel vs. ticagrelor p < 0.05). Average CCI was 0.686, 
1.031, and 0.602 in the PCT cohorts, respectively (prasugrel 
vs. clopidogrel, and clopidogrel vs. ticagrelor p < 0.05). The 
clopidogrel cohort had a history of a higher rate of ischemic 
complications (6.2%) than ticagrelor (2.6%) and prasugrel 
(3.5%), p = 0.0481. There were no significant differences in 
the proportion of patients with a history of bleeds or with 
coronary stent among the three cohorts (Table 1). 

3.2  Medication and Health Services Outcomes

MPR was highest in the ticagrelor cohort at 88.1% compared 
to prasugrel (76.4%) and clopidogrel (79.1%). Of these, the 
proportion adherent (MPR ≥ 80%) were 81.3%, 61.6%, and 
68.9% in the ticagrelor, prasugrel, and clopidogrel cohorts, 
respectively. The difference between prasugrel and clopi-
dogrel MPRs was not statistically significant. There were 
no statistically significant differences in average number of 
inpatient hospitalizations in the pre-period or days to first 
prescribed study medication following ACS admission 
among the study cohorts.

The ACS-related inpatient readmission rates for the tica-
grelor, clopidogrel, and prasugrel cohorts were 5.3%, 8.5%, 
and 4.7%, respectively (not shown). None of the readmis-
sion rate comparisons between cohorts were statistically 
significant.

In the multivariable logistic regression analysis, with the 
ticagrelor cohort as reference group, there were no statis-
tically significant associations between the odds of ACS-
related readmissions and use of clopidogrel (odds ratio (OR) 

1.013; 95% confidence interval (CI) 0.956–1.073) or of pras-
ugrel (OR 0.967; 95% CI 0.849–1.104) (Table 2).

4  Discussion

In this study, we compared the medication adherence of 
patients with ACS who initiated ticagrelor, prasugrel, or 
clopidogrel after an index ACS-related hospitalization and 
subsequent ACS-related readmissions within 365 days of 
discharge. We found ticagrelor to have the highest adherence 
(88%), followed by clopidogrel (79%) and prasugrel (76%). 
We also found that there were no statistically significant dif-
ferences in readmission rates among the three study cohorts.

Medication adherence is associated with lower hospital 
re-admission [11] and hence several interventions pre- and 
post-discharge have been implemented at different care 
settings to improve medication adherence such as tran-
sitions-of-care with a care coordinator [10, 12, 13]. The 
mean MPR for prasugrel in our study was 76.4%, which 
was nearly identical to the 78.8% in the Nordstrom et al. 
study of patients with ACS after a percutaneous coro-
nary intervention [14]. Similar to our findings, in a study 
comparing ticagrelor and clopidogrel on major adverse 
cardiovascular events, patients in the ticagrelor cohort 
had a higher adherence rate (MPR 81.6%) than those on 
clopidogrel (MPR 73.9%) [11]. The proportion of males 
in that study was comparable to ours (77.2% vs. 77.8%), 
and in their study, the mean age in the ticagrelor group was 
60 years compared to 62 years in the clopidogrel group 
(54 years vs. 55.8 years, respectively, in our study). These 
findings in the literature and our study of the high tica-
grelor adherence rate is surprising since the randomized 
control trials (RCTs) and meta-analysis found high tica-
grelor discontinuation rates driven mainly by dyspnea or 
bleeding [5, 6]. Our study population was younger and 
most of these adverse events are more common in the 
elderly, which could explain the higher ticagrelor adher-
ence rate. Furthermore, because clopidogrel is signifi-
cantly less expensive than ticagrelor, and is dosed once 
daily rather than twice daily in the case of ticagrelor, it 
is counter-intuitive that medication adherence would be 
significantly greater with ticagrelor. This raises the possi-
bility of other unmeasured differences among groups, such 
as lower socioeconomic status among users of clopidogrel. 
MPR for concomitant antihypertensive claims [(ticagrelor: 
82.9% [adherent 72.4%]), (clopidogrel: 71.3% [adherent 
71.1%]), (prasugrel: 62.2% [adherent 78.3%])] and statins 
[(ticagrelor: 86.4% [adherent 82.0%]), (clopidogrel: 75.8% 
[adherent 77.3%]), (prasugrel: 68.6% [adherent 91.7%])] 
show a similar pattern with better adherence among the 
ticagrelor cohort.
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Most of the antiplatelet comparative effectiveness studies 
evaluated, as a primary outcome, a composite measure of 
all-cause mortality, myocardial infarction or strokes, and 
the findings are mixed [2–6]. The landmark RCTs PLATO 
and TRITON-TIMI clearly show superiority of ticagrelor 
and prasugrel in reducing the composite measures men-
tioned earlier and stent thrombosis; conversely, subsequent 
smaller controlled trials and the SWEDEHEART registry 
observational study [2, 4, 5] found no significant differ-
ences in effectiveness between these two medications 
and clopidogrel. Bergmark suggested that the difference 
between such landmark RCTs and a large real-world study 
like SWEDEHEART is reflected in the populations studied 
(well-defined vs. higher inclusivity). In real-world prac-
tice, patients may differ from clinical trial patients based 

on comorbidities, age, race, socioeconomic status, and 
insurance coverage (or lack thereof), making other consid-
erations important, such as cost (and co-pays) of the medi-
cations, bleeding potential of patients, dosing frequency, 
and concerns for medication compliance [15]. Thus, real-
world studies such as our study are useful to inform practice 
beyond RCTs.

There are few studies specifically comparing readmis-
sion rates among patients treated with antiplatelet agents 
for ACS. For example, Song et al. compared 90-day read-
mission rates of patients aged over 65 years on ticagrelor 
or prasugrel and reported no statistically significant dif-
ference in readmissions between them [16]. Our study of 
younger adults over a 365-day follow-up period reported 

Fig. 2  Flow diagram of the use 
of ticagrelor, clopidogrel, and 
prasugrel
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Study Medica�on Rx a�er Discharge
N=1,440  (43.0%)

No Medica�on Switch in Post Period
N=1,245  (37.2%)

No Medica�on Use in Pre Period
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Ticagrelor
N=342 (36.1%)

Clopidogrel
N=520  (54.9%)

Prasugrel
N=86  (9.1%)
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higher readmission rates with clopidogrel (8.5%) than tica-
grelor (5.3%) or prasugrel (4.7%); however, readmission 
rates were not statistically significant in the multivariate 
logistic regression analysis. The lack of differences in the 
logistic regression model could likely reflect the higher pre-
study hospitalization rate and higher comorbidity index in 
the clopidogrel cohort compared to ticagrelor and prasugrel 
cohorts, as well as differences in medication adherence rates 
between agents.

4.1  Limitations and Strengths

Our study is subject to biases typical of observation stud-
ies such as selection bias and limitations of administra-
tive claims datasets that are not collected primarily for 
research. Importantly, administrative data do not provide 
information on severity of coronary artery anatomy and 
many other clinical factors related to ACS. In addition, 
use of aspirin, which is an important variable, is often 

Table 1  Demographics, covariates, and outcome variables by study medication

Pairwise comparisons p < 0.05 ‡ = prasugrel vs. clopidogrel, ‡‡ = prasugrel vs. ticagrelor, ‡‡‡ = clopidogrel vs. ticagrelor

Variable Total (N = 948) Prasugrel (n = 86) Clopidogrel (n = 520) Ticagrelor (n = 342)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age‡‡‡ 55.20 (9.45) 55.90 (8.78) 55.84 (9.79) 54.06 (8.99)
Male‡, ‡‡‡ 73.2% 81.4% 68.8% 77.8%
Inpatient hospitalizations in pre-period 0.07 (0.39) 0.05 (0.26) 0.09 (0.42) 0.05 (0.37)
Charlson Comorbidity  Index‡, ‡‡‡ 0.84 (1.23) 0.69 (1.06) 1.03 (1.40) 0.60 (0.92)
History of bleeds 2.90% 3.50% 3.90% 1.20%
Ischemic complications 4.60% 3.50% 6.20% 2.60%
Coronary stent 1.70% 3.50% 1.50% 1.50%
Anticoagulant use 0.50% 0.00% 0.80% 0.30%
Beta-blockers use 18.00% 20.90% 19.00% 15.80%
Calcium channel blockers use 13.50% 16.30% 15.80% 9.40%
Diuretics use 11.60% 14.00% 13.70% 7.90%
Other antihypertensive use 37.00% 43.00% 40.20% 30.70%
Antihyperlipidemic drug use 34.5% 40.70% 35.80% 30.10%
Days to first prescription of study medication 12.43 (34.63) 6.08 (12.17) 14.06 (38.52) 11.55 (31.94)
Medication Possession  Ratio‡‡, ‡‡‡ 82.1% (26.4) 76.4% (29.2) 79.1% (29.1) 88.1% (19.2)
Proportion adherent to study medication 72.70% 61.60% 68.90% 81.30%

Table 2  Logistic regression 
results assessing association 
between study medication and 
ACS- related hospitalization

MPR medication possession ratio
*Ticagrelor as reference cohort

Odds ratio (95% CI) Wald Chi-Sq Pr > ChiSq

Clopidogrel* 1.013 (0.956–1.073) 0.1935 0.6600
Prasugrel* 0.967 (0.849–1.104) 0.2591 0.6108
Age 1.016 (0.989–1.045) 1.3326 0.2483
Male 0.897 (0.507–1.586) 0.1397 0.7085
Days to first antiplatelet 1.005 (0.999–1.011) 3.9036 0.0482
Hospitalizations in pre-period 0.867 (0.491–1.531) 0.2435 0.6217
Charlson Comorbidity Index 1.089 (0.863–1.374) 0.5133 0.4737
Adherent (MPR ≥ 80%) 1.276 (0.673–2.42) 0.5573 0.4554
History of bleeds 2.144 (0.68–6.756) 1.6959 0.1928
Ischemic complications 3.149 (1.145–8.661) 4.9365 0.0263
Coronary stent placement 1.805 (0.431–7.565) 0.6524 0.4193
Antihypertensive 0.917 (0.772–1.088) 0.9934 0.3189
Antihyperlipidemic 0.972 (0.823–1.149) 0.1084 0.742
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not recorded in claims data because aspirin is often pur-
chased by patients over the counter, hence introducing 
information bias. Additionally, readmission is a multifac-
torial public health problem, and affected by many factors 
beyond choice of medication; many providers and health 
plans implement interventions aimed at improving clini-
cal outcomes in patients discharged with ACS. As such, 
although our dataset represents many different health 
plans across the country, giving it a broad real-world 
practice appeal, it fails to account for the individual pro-
grams in place at hospitals, community pharmacies, and 
health plans to improve adherence and reduce readmis-
sions. Medication adherence (such as MPR or proportion 
of days covered) calculated from claims data might not 
necessarily mean patients actually took the drug. But they 
have been widely used and validated as good measures 
with caveats. MPR is also believed to have the tendency 
to overestimate adherence because it does not account for 
early refills [17]. Finally, our study excluded antiplatelet 
switches, which do occur in general practice. However, 
when we analyzed the switchers (229), 30.3% switched 
from ticagrelor, 11% from clopidogrel, and 15.7% from 
prasugrel. Overall, the readmission rate of switchers was 
higher than non-switchers (10% vs. 7%). Readmissions 
from those who switched from ticagrelor were lowest 
(8.1%) compared to clopidogrel (14.1%) and prasugrel 
(15.4%).

Most studies that show superiority of ticagrelor and 
prasugrel over clopidogrel used a composite measure that 
includes deaths and stroke. Our findings are limited to 
only readmissions of non-switchers. Additionally, tica-
grelor had the highest proportion of patients who were 
adherent, yet ticagrelor also had the highest number that 
switched (30.3%) compared to prasugrel (15.7%), and 
clopidogrel (11%). Prescribers therefore should be cog-
nizant of the importance of adherence to antiplatelet effi-
cacy in initiating therapy. Switching could be due to cost 
or adverse events including bleeding, and often requires 
de-escalation [18].

5  Conclusion

Although AHA and ACC recommend ticagrelor and 
prasugrel over clopidogrel because of their superior anti-
platelet effectiveness as demonstrated in the PLATO and 
TRITON-TIMI studies, clopidogrel use remains popular 
among prescribers for several reasons. We found adher-
ence to ticagrelor higher than clopidogrel and prasugrel, 
but no statistically significant association between the 
antiplatelet agent initiated after an index ACS-related 
hospitalization and hospital readmission one year post 
discharge.
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