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ORIGINAL RESEARCH

Does the Effectiveness of a Medicine Copay 
Voucher Vary by Baseline Medication 
Out-Of-Pocket Expenses? Insights From 
ARTEMIS
Jennifer A. Rymer , MD, MBA, MHS; Lisa A. Kaltenbach, MS; Eric D. Peterson , MD, MPH;  
David J. Cohen , MD, MSc; Gregg C. Fonarow , MD; Niteesh K. Choudhry, MD, PhD;  
Timothy D. Henry , MD; Christopher P. Cannon , MD; Tracy Y. Wang, MD, MHS, MSc

BACKGROUND: Persistence to P2Y12 inhibitors after myocardial infarction (MI) remains low. Out-of-pocket cost is cited as a fac-
tor affecting medication compliance. We examined whether a copayment intervention affected 1-year persistence to P2Y12 
inhibitors and clinical outcomes.

METHODS AND RESULTS: In an analysis of ARTEMIS (Affordability and Real-World Antiplatelet Treatment Effectiveness After 
Myocardial Infarction Study), patients with MI discharged on a P2Y12 inhibitor were stratified by baseline out-of-pocket medi-
cation burden: low ($0–$49 per month), intermediate ($50–$149 per month), and high (≥$150 per month). The impact of the 
voucher intervention on 1-year P2Y12 inhibitor persistence was examined using a logistic regression model with generalized 
estimating equations. We assessed the rates of major adverse cardiovascular events among the groups using a Kaplan–Meier 
estimator. Among 7351 MI-treated patients at 282 hospitals, 54.2% patients were in the low copay group, 32.0% in the middle 
copay group, and 13.8% in the high copay group. Patients in higher copay groups were more likely to have a history of prior MI, 
heart failure, and diabetes compared with the low copay group (all P<0.0001). Voucher use was associated with a significantly 
higher likelihood of 1-year P2Y12 inhibitor persistence regardless of copayment tier (low copay with versus without voucher: 
adjusted odds ratio [OR], 1.44 [95% CI, 1.25–1.66]; middle copay: adjusted OR, 1.63 [95% CI, 1.37–1.95]; high copay group: 
adjusted OR, 1.41 [95% CI, 1.05–1.87]; P interaction=0.42). Patients in the high copay group without a voucher had similar 
risk of 1-year major adverse cardiovascular events compared with patients in the high copay group with a voucher (adjusted 
hazard ratio, 0.89 [95% CI, 0.66–1.21]).

CONCLUSIONS: Medication copayment vouchers were associated with higher medication persistence at 1 year following an MI, 
regardless of out-of-pocket medication burden.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifier: NCT02406677.

Key Words: copay ■ myocardial infarction ■ persistence ■ voucher

The American College of Cardiology/American Heart 
Association guidelines recommend at least 1 year of 
dual antiplatelet therapy after an acute myocardial 

infarction (MI).1 Despite these recommendations, adher-
ence and persistence to oral P2Y12 inhibitors after MI 

remains low.2–4 Indeed, nearly one third of patients are no 
longer persistent with at least 1 of their post-MI medica-
tions by 6 months after discharge, and nearly 50% are no 
longer taking these medications 1 year after discharge.2–4 
Premature discontinuation of oral P2Y12 inhibitors is 
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associated with an increased risk of cardiovascular mor-
bidity and mortality.5,6 Some commonly cited reasons 
for poor medication persistence are out-of-pocket costs 
and the inability to afford the often numerous medica-
tions added after an MI.7,8 Increased out-of-pocket costs 
and cost sharing with the patient have been shown to 
be barriers to medication persistence across a variety 
of disease states and patient populations, in addition to 
cardiovascular diseases.9–11

ARTEMIS (Affordability and Real-World Antiplatelet 
Treatment Effectiveness After Myocardial Infarction 
Study) was a cluster-randomized trial that showed 
improved 1-year P2Y12 inhibitor persistence when 
patients who had an MI were given a copayment 
voucher that offset medication copayment costs.12 In 
the current post hoc analysis, we examined whether 
the impact of copayment intervention on 1-year per-
sistence to P2Y12 inhibitors and outcomes varied as a 
function of baseline medication out-of-pocket expense 
burden. We hypothesized that the copay intervention 
would have a larger impact in patients with a higher 

copayment burden compared with those with a lower 
copayment burden. Our analysis will further assess 
whether there is a particular patient population based 
on copayment burden that may benefit most from a 
copay intervention or voucher.

METHODS
The current study was supported by a research grant 
from AstraZeneca to the Duke Clinical Research 
Institute, Durham, North Carolina. The authors are 
solely responsible for the design and conduct of the 
study, all study analyses, drafting and editing of the 
article, and its final contents. The authors declare that 
all supporting data are available within the article and 
its online supplementary files. The Duke University 
Medical Center institutional review board approved the 
use of ARTEMIS data for this analysis.

Data Source and Patient Population
The design and results of ARTEMIS (NCT02406677) 
have been previously published.12 ARTEMIS was a 
multicenter, cluster-randomized controlled trial, con-
ducted from June 2015 to September 2016, in which 
301 hospitals were randomized to a P2Y12 inhibi-
tor copayment reduction program versus usual care. 
The P2Y12 inhibitor copayment reduction interven-
tion involved vouchers to offset the copayment costs 
of ticagrelor and clopidogrel (treatment selection was 
at the discretion of the physician) in the year after MI. 
ARTEMIS examined the effect of this intervention on 
1-year medication persistence and clinical outcomes.

Eligible patients included those aged ≥18 years 
who presented with a non–ST-segment–elevation MI 
(NSTEMI) or ST-segment–elevation MI (STEMI), were 
discharged on an oral P2Y12 inhibitor, had US-based 
healthcare coverage with prescription drug coverage, 
and could provide informed consent. Patients with prior 
intracranial hemorrhage, contraindications to P2Y12 
inhibitor therapy at discharge, enrollment in another 
research study that specified the type and duration of 
P2Y12 inhibitor in the 1 year following MI, life expec-
tancy <1 year, or plans to move outside of the United 
States in the next year were excluded. For the current 
analysis, there were 8329 patients discharged alive on 
clopidogrel or ticagrelor with a postdischarge prescrip-
tion fill in the Symphony Health Solutions database 
within 1 year of discharge. Symphony Health Solutions 
captures pharmacy fill data from ≈90% of retail, 60% 
of mail-order, and 70% of specialty pharmacies in the 
United States.11 We excluded 978 patients with miss-
ing or “do not know” responses to the baseline ques-
tion asked of trial participants regarding out-of-pocket 
costs for medications. Table S1 describes the baseline 
characteristics of the excluded patients compared with 

CLINICAL PERSPECTIVE

What Is New?
•	 The use of medication copayment vouchers is 

associated with improved medication persis-
tence after myocardial infarction.

•	 Copayment assistance alone does not appear 
to improve postmyocardial infarction clinical out-
comes, even in patients with high copayment 
burden.

What Are the Clinical Implications?
•	 As use of a copayment voucher is not asso-

ciated with a larger impact in terms of post-
myocardial infarction medication persistence 
in patients with a higher copayment burden 
compared with those with a lower copayment 
burden, copayments should not be reserved for 
patients with high copayment burden.

Nonstandard Abbreviations and Acronyms

ARTEMIS	 Affordability and Real-World 
Antiplatelet Treatment Effectiveness 
After Myocardial Infarction Study

BARC	 Bleeding Academic Research 
Consortium

MACE	 major adverse cardiovascular events
MI FREEE	 Post-Myocardial Infarction Free Rx 

Event and Economic Evaluation
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the final study population. The final study population 
included 7351 patients at 282 sites.

All patients enrolled in ARTEMIS provided written in-
formed consent, and the study protocol was approved 
by the institutional review board of each participating 
site. The Duke University Medical Center institutional 
review board approved use of ARTEMIS data for the 
current analysis.

Study End Points and Definitions
The primary study end points included 1-year oral 
P2Y12 inhibitor persistence, which was defined as 
continued oral P2Y12 inhibitor use without a gap in 
prescription fills ≥30 days, and 1-year major adverse 
cardiovascular events (MACE), defined as a composite 
of death, recurrent MI, or stroke. Persistence was ex-
amined using prescription fill data from the Symphony 
Health Solutions database. In this analysis, we also ex-
amined the individual components of MACE, as well as 
Bleeding Academic Research Consortium (BARC) 3+ 
bleeding, which includes overt bleeding with a hemo-
globin drop of <5 g/dL, transfusion with overt bleed-
ing, cardiac tamponade, bleeding requiring surgical 
intervention, bleeding requiring intravenous vasoactive 
agents, or intracranial hemorrhage.

We stratified patients by copayment tiers accord-
ing to their responses to a question on the baseline 
questionnaire that asked, “How much out-of-pocket 
money do you spend approximately each month to 
pay for your medications?” The low copay tier was 
prospectively classified for these analyses as those 
patients who responded that they paid $0 to $49 per 
month; the middle copay tier included those who paid 
$50 to $149 per month, and the high copay tier in-
cluded those who paid ≥$150 per month. The copay 
tiers were created based on thresholds as listed 
above, which we found allowed for balanced groups 
of patients. The study groups included the follow-
ing: low copay group without the voucher (reference 
group), middle copay group without the voucher, 
high copay without the voucher, low copay with the 
voucher, middle copay with the voucher, and high 
copay with the voucher.

Statistical Analysis
We compared the baseline patient and hospital charac-
teristics among the following groups: low, middle, and 
high self-reported copay groups. Categorical variables 
are presented as frequencies with percentages, and 
the differences between the groups were assessed 
using chi-square or Fisher exact tests. Continuous 
variables are presented as medians with interquartile 
ranges with comparisons between the study groups 
performed using Wilcoxon rank sum test.

We also examined rates of oral P2Y12 inhibitor per-
sistence among the study groups. Rates are presented 
as frequencies (percentages) and the differences in 
persistence among the study groups was assessed 
using a logistic regression model with generalized esti-
mating equations to account for within-hospital cluster-
ing. We adjusted for age, non-White race versus white 
race, male sex, private versus nonprivate insurance, 
employment, education (college graduate or higher 
versus less than college), baseline financial hardship, 
history of prior MI, coronary artery bypass grafting, 
stroke/transient ischemic attack, peripheral artery dis-
ease, diabetes, hypertension, current/recent smoking, 
presentation with STEMI versus NSTEMI, home P2Y12 
inhibitor use, creatinine clearance, femoral artery ac-
cess versus other access, performance of percutane-
ous coronary intervention (multivessel percutaneous 
coronary intervention versus culprit only versus none), 
coronary artery bypass grafting performed, and drug-
eluting stent used.

We also assessed rates of clinical events among 
the study groups using a Kaplan–Meier estimator. 
Differences in rates of clinical events among the study 
groups were assessed using a Cox proportional haz-
ards model with robust standard errors to account for 
within-hospital clustering and to adjust for covariates 
selected a priori. We adjusted for the same covariates 
as were used to adjust for differences in P2Y12 inhibi-
tor persistence. All statistical analyses were performed 
using SAS version 9.4 software (SAS Institute Inc).

RESULTS
Among 7351 patients presenting with MI at 282 sites, 
there were 3983 (54.2%) patients in the low copay 
group, 2350 (32.0%) in the middle copay group, and 
1018 (13.8%) in the high copay group. Table  1 de-
scribes the differences in baseline clinical and hospital 
characteristics among the low, middle, and high copay 
groups. Patients who had a high copay were older 
compared with patients in the lower copay groups (65 
versus 64 versus 61 years, respectively; P<0.0001). 
Patients with a high copay were less likely to have 
Medicaid compared with the lower copay groups (3.0% 
versus 4.0% versus 13.5%, respectively; P<0.0001). 
Additionally, patients in the high copay group were 
significantly more likely to have various clinical comor-
bidities, such as history of prior MI, prior percutaneous 
coronary intervention, prior coronary artery bypass 
grafting, heart failure, diabetes, hypertension, and hy-
perlipidemia compared with the lower copay groups 
(all P<0.0001). Before admission, patients in the high 
copay group were significantly more likely to be tak-
ing a P2Y12 inhibitor compared with those in the lower 
copay groups.
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Table 1.  Baseline Patient Characteristics Stratified by Copayment Group

Variable
Overall 
(N=7351) Low Copay (n=3983) Middle Copay (n=2350) High Copay (n=1018) P value

Demographics

Age, median (25th–75th), y 62 (54–70) 61 (53–69) 64 (55–71) 65 (57–72) <0.0001

Women 2433 (33.1) 1311 (32.9) 800 (34.0) 322 (31.6) 0.37

Hispanic 262 (3.6) 161 (4.0) 75 (3.2) 26 (2.6) 0.04

Black 748 (10.2) 446 (11.2) 204 (8.7) 98 (9.6) 0.005

Insurance payor

Private 4667 (63.5) 2435 (61.1) 1582 (67.3) 650 (63.9) <0.0001

Medicare 3223 (43.8) 1583 (39.7) 1085 (46.2) 555 (54.5) <0.0001

Medicaid 660 (9.0) 537 (13.5) 93 (4.0) 30 (3.0) <0.0001

Financial hardship <0.0001

None 3275 (44.6) 2513 (63.1) 645 (27.4) 117 (11.5)

Extreme 638 (8.7) 155 (3.9) 236 (10.0) 247 (24.3)

Employed full-time 2773 (37.7) 1575 (39.5) 884 (37.6) 314 (30.8) <0.0001

Education 0.008

Graduated high school 2644 (36.0) 1410 (35.4) 865 (36.8) 369 (36.3)

College 2792 (38.0) 1520 (38.2) 875 (37.2) 397 (39.0)

Income, $ <0.0001

≤10 000 490 (6.7) 368 (9.2) 93 (4.0) 29 (2.9)

10 001–20 000 708 (9.6) 407 (10.2) 197 (8.4) 104 (10.2)

20 001–30 000 785 (10.7) 361 (9.1) 283 (12.0) 141 (13.9)

30 001–50 000 1078 (14.7) 534 (13.4) 374 (15.9) 170 (16.7)

50 001–70 000 815 (11.1) 417 (10.5) 277 (11.8) 121 (11.9)

70 001–100 000 709 (9.6) 367 (9.2) 253 (10.8) 89 (8.7)

1 000 001–150 000 511 (7.0) 295 (7.4) 163 (6.9) 53 (5.2)

≥150 001 317 (4.3) 164 (4.1) 104 (4.4) 49 (4.8)

Prefer not to answer income 
questions

1937 (26.4) 1069 (26.8) 606 (25.8) 262 (25.7)

Medical history

Prior MI 1581 (21.5) 674 (16.9) 578 (24.6) 329 (32.3) <0.0001

Prior PCI 1968 (26.8) 817 (20.5) 734 (31.2) 417 (41.0) <0.0001

Prior CABG 862 (11.7) 348 (8.7) 318 (13.5) 196 (19.3) <0.0001

Prior stroke/TIA 510 (6.9) 225 (5.7) 179 (7.6) 106 (10.4) <0.0001

PAD 477 (6.5) 201 (5.1) 168 (7.2) 108 (10.6) <0.0001

Heart failure 592 (8.1) 223 (5.6) 223 (9.5) 146 (14.3) <0.0001

Diabetes 2528 (34.4) 1003 (25.2) 931 (39.6) 594 (58.4) <0.0001

Hypertension 5296 (72.0) 2588 (65.0) 1848 (78.6) 860 (84.5) <0.0001

Hyperlipidemia 4497 (61.2) 2150 (54.0) 1608 (68.4) 739 (72.6) <0.0001

ESRD on dialysis 145 (2.0) 64 (1.6) 50 (2.1) 31 (3.1) 0.01

P2Y12 inhibitor use before 
admission

1128 (15.3) 452 (11.4) 389 (16.6) 297 (28.2) <0.0001

In-hospital characteristics

STEMI 3323 (45.2) 1961 (49.2) 966 (41.1) 396 (38.9) <0.0001

Killip class III/IV 237 (3.2) 108 (2.7) 88 (3.8) 41 (4.0) <0.0001

Catherization performed 7217 (98.2) 3918 (98.4) 2305 (98.1) 994 (97.6) 0.28

PCI performed 6538 (88.9) 3587 (90.1) 2070 (88.1) 881 (86.5) 0.002

In-hospital events

MACE 56 (0.76) 29 (0.73) 17 (0.72) 10 (0.98) 0.68

 (Continued)
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Differences in Rates of Oral P2Y12 
Inhibitor Persistence Between Copay 
Groups
Observed 1-year P2Y12 inhibitor persistence rates 
were 54.1%, 51.5%, and 47.8% in the low, middle, and 
high copay groups, respectively (P<0.01). Table 2 com-
pares the rates of persistence across study groups ref-
erenced to the low copay group treated at hospitals 
not randomized to provide a voucher, as well as within 
strata (ie, high copay with voucher versus high copay 
without voucher). All copay groups with a voucher had 
a significantly higher rate of P2Y12 inhibitor persistence 
compared with the same-level copay group without a 
voucher (reference) or when compared with the low 
copay group without a voucher (Table 2). There was 
no difference in rates of P2Y12 inhibitor persistence 
for the high copay group without a voucher (43.0% 
versus 49.5%; adjusted odds ratio [OR], 0.98 [95% 

CI, 0.76–1.26]) and the middle copay group without a 
voucher (44.6% versus 49.5%; adjusted OR, 0.89 [95% 
CI, 0.75–1.05]), compared with the low copay group 
without a voucher. There was no evidence of effect 
modification based on the level of copay burden (P for 
interaction=0.42).

Differences in Clinical Event Rates 
Between Copay Groups

Observed rates of MACE within 1 year were 17.1%, 
11.3%, and 8.5% for patients with high, middle, and low 
copayments, respectively (P<0.0001). Rates of BARC 
3+ bleeding were 1.8%, 1.9%, and 1.3% for patients 
with high, middle, and low copayments, respectively 
(P<0.0001). The Figure illustrates the cumulative inci-
dence of MACE and BARC 3+ bleeding events (95% 
CI) in the first year after MI for both the intervention 
(voucher) arm and the usual care (without a voucher) 

Variable
Overall 
(N=7351) Low Copay (n=3983) Middle Copay (n=2350) High Copay (n=1018) P value

Bleeding event 136 (1.9) 75 (1.9) 43 (1.8) 18 (1.8) 0.97

Recurrent MI 36 (0.5) 19 (0.5) 13 (0.6) 4 (0.4) 0.82

Heart failure 398 (5.4) 193 (4.9) 142 (6.0) 63 (6.2) 0.06

Cardiac arrest 185 (2.5) 112 (2.8) 57 (2.4) 16 (1.6) 0.07

Stroke 20 (0.3) 10 (0.3) 4 (0.2) 6 (0.6) 0.09

Discharge P2Y12 inhibitor 
prescribed

0.15

Clopidogrel 3455 (47.0) 1831 (46.0) 1138 (48.4) 486 (47.7)

Ticagrelor 3896 (53.0) 2152 (54.0) 1212 (51.6) 532 (52.3)

Discharge location

Home 7153 (97.3) 3877 (97.3) 2289 (97.4) 987 (97.0) 0.65

Other acute care hospital 33 (0.4) 14 (0.3) 14 (0.6) 5 (0.5)

Skilled nursing facility 29 (0.4) 17 (0.4) 10 (0.4) 2 (0.2)

Extended care/rehabilitation 112 (1.5) 61 (1.5) 30 (1.3) 21 (2.1)

Against medical advice 3 (0.04) 3 (0.08) 0 0

Hospice 1 (0.01) 1 (0.03) 0 0

Data are presented as number (percentage) unless otherwise indicated. CABG indicates coronary artery bypass grafting; ESRD, end-stage renal disease; 
MACE, major adverse cardiovascular events; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; STEMI, ST-
segment–elevation myocardial infarction; and TIA, transient ischemic attack.

Table 1.  Continued

Table 2.  Association Between Copayment and Voucher Status and 1-Year Persistence to an Oral P2Y12 Inhibitor

Study group (vs within-strata copay group without a voucher or low copay 
group without a voucher) Persistence, no./No. (%)

Adjusted OR 
(95% CI)

Adjusted 
P value

Low copay group with a voucher vs low copay group without a voucher 1387/2428 (57.1) vs 769/1555 (49.5) 1.44 (1.25–1.66) <0.0001

Middle copay group with a voucher vs middle copay group without a voucher 799/1428 (56.0) vs 411/922 (44.6) 1.63 (1.37–1.95) <0.0001

High copay group with a voucher vs high copay without a voucher 315/618 (51.0) vs 172/400 (43.0) 1.41 (1.05–1.87) 0.02

High copay group with a voucher vs low copay group without a voucher 315/618 (51.0) vs 769/1555 (49.5) 1.38 (1.10–1.71) 0.005

Middle copay group with a voucher vs low copay group without a voucher 799/1428 (56.0) vs 769/1555 (49.5) 1.45 (1.22–1.73) <0.0001

Middle copay group without a voucher vs low copay group without a voucher 411/922 (44.6) vs 769/1555 (49.5) 0.89 (0.75–1.05) 0.17

High copay group without a voucher vs low copay without a voucher 172/400 (43.0) vs 769/1555 (49.5) 0.98 (0.76–1.26) 0.86

OR indicates odds ratio.
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Figure 1.  Cumulative incidence of clinical outcomes by study groups (copay status and 
intervention vs usual care).
(A) Cumulative incidence of major adverse cardiovascular events (MACE) after discharge for myocardial 
infarction (MI) by study groups (copay status and intervention vs usual care). (B) Cumulative incidence 
of Bleeding Academic Research Consortium (BARC) 3+ bleeding after discharge for MI by study groups 
(copay status and intervention vs usual care).
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arm, stratified by copay status (low, middle, high). 
Table 3 compares the rates of various clinical events be-
tween various study subgroups (low copay group with 
a voucher, middle copay group with a voucher, and high 
copay group with a voucher) and the reference group 
(same-level copay group without a voucher). Patients 
in the high copay group without a voucher had similar 
risk of MACE within 1 year of discharge compared with 
patients in the high copay group with a voucher (17.0% 
versus 17.3%; adjusted hazard ratio [HR], 0.89 [95% CI, 
0.66–1.21]). However, patients in the high copay group 
with a voucher were significantly more likely to have a 
MACE within 1 year of discharge compared with the 
reference group (low copay group without a voucher) 
(17.3% versus 8.9%; adjusted HR, 1.37 [95% CI, 1.02–
1.83]). There were no other significant differences in the 
rates of any of the clinical end points (MACE or BARC 
3+) when comparing the other study groups with the 
low copay group with no voucher. Despite greater 
1-year persistence of P2Y12 inhibitor in all of the co-
payment groups, bleeding risks were not significantly 
different within copay strata.

DISCUSSION
Using data from ARTEMIS, we examined the associa-
tion between copayment assistance on 1-year persis-
tence to oral P2Y12 inhibitors as well as outcomes, 
including MACE and bleeding events. Patients who 
reported having high out-of-pocket costs were older 
and significantly more likely to have various clinical 
comorbidities and had worse 1-year MACE outcomes 
compared with patients who reported low out-of-
pocket costs. Regardless of self-reported out-of-
pocket copay burden, patients who had a voucher for 
a P2Y12 inhibitor had significantly improved 1-year per-
sistence to PY212 inhibitors compared with the group 
of patients who had self-reported copay costs from the 
same copay strata and no voucher. We did not find a 
larger impact for the copay intervention in patients with 
a higher copayment burden compared with those with 
a lower copayment burden.

Importantly, we found that regardless of the pa-
tient’s self-reported total out-of-pocket costs, patients 
who had a voucher for a P2Y12 inhibitor had improved 
1-year persistence after hospitalization for an MI. We 
hypothesized that the copay intervention would be as-
sociated with a greater increase in 1-year persistence 
of oral P2Y12 inhibitors among patients with higher 
copayment burden than those with lower copayment 
burden. While there was a significant increase in 1-
year persistence for all groups with copayment offset 
(ie, voucher) regardless of self-reported out-of-pocket 
costs, there were no significant differences in the rel-
ative improvement in 1-year oral P2Y12 inhibitor per-
sistence for patients in the high or middle copayment 
group without a voucher compared with patients in the 
low copayment group without a voucher.

Our findings are similar to those from the MI 
FREEE (Post-Myocardial Infarction Free Rx Event and 
Economic Evaluation) trial. In that trial, patients with a 
recent MI who were assigned to full prescription cov-
erage of post-MI medications, including β-blockers, 
angiotensin-converting enzyme inhibitors, and statins 
had significantly improved medication adherence 
compared with those assigned to usual drug cover-
age.8 Similar to our findings for 1-year persistence of 
P2Y12 inhibitors, the MI FREEE trial demonstrated that 
this benefit in adherence to post-MI medications was 
independent of baseline copayment levels. Because 
patients with higher copayment burden are less likely 
to be adherent to medications, we hypothesized that 
they may benefit more from the intervention in terms 
of improved persistence to oral P2Y12 inhibitors, but 
our findings did not support this hypothesis. Further 
work is needed to determine whether there are groups 
of patients based on other factors besides copayment 
burden that may differentially benefit from a copayment 
voucher. Ideally, future work would identify specific 
groups that could benefit the most from copayment 
vouchers.

Although we demonstrated a significant improve-
ment in 1-year persistence across all copayment 
groups with a voucher compared with patients in the 
low copayment tier without a voucher, we did not 

Table 3.  Association Between Copayment and Voucher Status and Risk of Clinical Events

Outcome Study group
Observed 
rates, %

Adjusted HR 
(95% CI)

Adjusted 
P value

MACE Low copay group with a voucher vs low copay group without a voucher 8.2 vs 8.9 1.01 (0.80–1.27) 0.93

Middle copay group with a voucher vs middle copay group without a voucher 11.1 vs 11.6 1.08 (0.85–1.37) 0.52

High copay group with a voucher vs high copay group without a voucher 17.3 vs 17.0 1.12 (0.82–1.52) 0.46

BARC 3+ 
bleeding

Low copay group with a voucher vs low copay group without a voucher 1.2 vs 1.4 0.95 (0.57–1.61) 0.86

Middle copay group with a voucher vs middle copay group without a voucher 1.7 vs 2.3 0.82 (0.45–1.50) 0.53

High copay group with a voucher vs high copay group without a voucher 2.0 vs 1.5 1.40 (0.55–3.55) 0.47

BARC indicates Bleeding Academic Research Consortium; HR, hazard ratio; and MACE, major adverse cardiovascular events.
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demonstrate a significant impact of the voucher and 
copayment levels on clinical outcomes. In fact, the 
group of patients with a high copay and a voucher 
had significantly higher rates of MACE compared 
with the low copay group without a voucher. Indeed, 
in the overall study population, the ARTEMIS trial did 
not demonstrate any significant difference in clinical 
outcomes between the intervention (voucher) group 
and the usual care arm.12 Even in MI FREEE, where 
there were improvements in adherence to multiple 
guideline-recommended medications, there was no 
significant difference in the primary outcome, the 
first major cardiovascular event or revascularization, 
between the intervention and usual coverage arms.8 
As noted by Jackevicius and Ko,13 though ARTEMIS 
demonstrated improvement in adherence rates to 
P2Y12 inhibitors in the intervention arm, the adher-
ence rate in the intervention was still only 55%, a 
9% increase from the usual care arm. Although this 
increase is significant, it was likely not large enough 
to impact clinical outcomes. Similarly, though we 
demonstrated increased persistence, there is not al-
ways a direct link between increased persistence and 
improved clinical outcomes. Given the indirect link 
between persistence and improved outcomes, most 
trials (including ARTEMIS) have been underpowered 
to detect differences in clinical outcomes. Moreover, 
improving clinical outcomes most likely requires a mul-
tipronged approach, including improved adherence, 
persistence, outpatient follow-up, health literacy, and 
ability to afford medications.

There are several important limitations of the cur-
rent study. Although we adjusted for an extensive list 
of clinically relevant variables for the adjusted analy-
ses (1-year persistence and 1-year clinical events), un-
measured confounders may still exist. We measured 
patient-reported persistence, as well as persistence 
validated through pharmacy fill data. However, we 
were not able to determine whether the patient was 
actually ingesting the medication. Additionally, it is 
possible that there were patients who used more than 
one pharmacy during the study period and that one of 
the pharmacies was not participating in the Symphony 
claims database. Furthermore, we based the copay 
groups on patient self-reported out-of-pocket costs. 
These groups may be subject to misclassification if 
patients underestimate or overestimate out-of-pocket 
costs. As previously described, only 72% of patients 
in the intervention (voucher) arm actually used the 
voucher.12 Thus, there may have been a greater (or 
lesser) impact of the voucher across the various co-
payment tiers, if it were possible to account for this 
additional confounder. Finally, we are not able to deter-
mine the voucher’s relationship to percentage of total 
drug costs, total healthcare spending, or disposable 
income.

CONCLUSIONS
Provision of copayment assistance was associated 
with higher medication persistence 1 year after MI re-
gardless of out-of-pocket medication cost burden. As 
such, use of copayment vouchers should not neces-
sarily be reserved for patients with high copayment 
burden. However, copayment assistance alone does 
not appear to improve post-MI clinical outcomes, even 
in patients with high copayment burden.
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Table S1. Baseline Characteristics of the Final Study Population compared with the Excluded 

Study Population. 

Variable Study Population 

(N=7351) 

Excluded Population 

(N=978) 

p-value 

Demographics    

Age, median (25th, 75th) 62 (54, 70) 60 (51, 69) <0.0001 

Female sex 2433 (33.1) 262 (26.8) <0.0001 

Hispanic  262 (3.6) 37 (3.8) 0.73 

Black 748 (10.2) 90 (9.2) 0.34 

Insurance payor    

Private 4667 (63.5) 657 (67.2) 0.02 

Medicare 3223 (43.8) 340 (34.8) <0.0001 

Medicaid 660 (9.0) 82 (8.4) 0.54 

Medical history    

Prior MI 1581 (21.5) 122 (12.5) <0.0001 

Prior PCI 1968 (26.8) 143 (14.6) <0.0001 

Prior CABG 862 (11.7) 61 (6.2) <0.0001 

Prior stroke/TIA 510 (6.9) 38 (3.9) 0.0003 

PAD 477 (6.5) 41 (4.2) 0.0052 

Heart failure 592 (8.1) 53 (5.4) 0.0038 

Diabetes 2528 (34.4) 191 (19.5) <0.0001 

Hypertension 5296 (72.0) 439 (44.9) <0.0001 

Hyperlipidemia 4497 (61.2) 368 (37.6) <0.0001 

ESRD on dialysis 145 (2.0) 11 (1.1) 0.07 

P2Y12 inhibitor use prior to admission 1128 (15.3) 74 (7.6) <0.0001 

In-hospital characteristics    

STEMI 3323 (45.2) 506 (51.7) 0.0001 



Killip Class III/IV 233 (3.2) 22 (2.3) 0.18 

Catherization performed 7217 (98.2) 956 (97.8) 0.36 

PCI performed 6538 (88.9) 888 (90.8) 0.08 

In-hospital events    

MACE 56 (0.76) 11 (1.1) 0.23 

Bleeding event 136 (1.9) 13 (1.3) 0.25 

Recurrent MI 36 (0.5) 9 (0.9) 0.08 

Heart failure 398 (5.4) 50 (5.1) 0.69 

Cardiac arrest 185 (2.5) 36 (3.7) 0.07 

Stroke 0.3% 0.3% 0.03 

Discharge P2Y12 inhibitor prescribed   0.10 

Clopidogrel 3455 (47.0) 432 (44.2)  

Ticagrelor 3896 (53.0) 546 (55.8)  
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