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Abstract

Study Objective—To determine the association between enrollment in the Medicare Part D 

low-income cost subsidy (LIS) program, which reduces out-of-pocket medication costs, and fill 

adherence to the antiplatelet drug, clopidogrel, after coronary stent placement.
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Design—Retrospective cohort study.

Data Source—Pharmacy claims database of a large, national Medicare Part D insurer.

Patients—A total of 2967 beneficiaries of a national Medicare Part D plan who had a coronary 

stent placed between April and December 2006 and were prescribed clopidogrel but were not 

preexisting users of clopidogrel; of these patients, 504 were enrolled in the LIS program and 2463 

were not enrolled in the LIS program.

Measurements and Main Results—We defined LIS status as being enrolled in the LIS 

program at any point during the 12 months after the procedure. We examined the association 

between LIS status and good medication fill adherence to clopidogrel, defined as proportion of 

days covered ≥ 80%, or discontinuation of clopidogrel over the 12-month window starting from 

the date of their stent placement. We also identified patients with claims-based diagnoses of major 

bleeding events while taking clopidogrel. For those patients, we calculated fill adherence only for 

the period between medication initiation and the onset of major bleeding and/or did not classify 

them as having inappropriately discontinued the medication. We created a propensity score 

predicting the propensity of being eligible for the LIS benefit and used inverse propensity score 

weighting with regression adjustment to generate estimates of the effect parameters. LIS 

enrollment was associated with a higher predicted likelihood of good clopidogrel fill adherence 

after stent placement (54.8% for LIS enrollees vs 47.6% for non-enrollees, p=0.008). No 

significant difference was noted between the two groups in predicted risk of discontinuing 

clopidogrel after stent placement (18.3% for LIS enrollees vs 21.0% for non-enrollees, p=0.21).

Conclusion—The LIS benefit was associated with better clopidogrel fill adherence after stent 

placement. Although clopidogrel is now available in generic form, our work underscores the need 

for efforts to identify and enroll patients in the LIS benefit who require costly antiplatelet 

medications for coronary heart disease.
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Coronary heart disease (CHD) remains the leading cause of death in the United States, and 

the combined direct and indirect costs of CHD exceed $100 billion annually.1, 2 Patients 

who survive an initial myocardial infarction are at high risk for a successive event, and 

almost 500,000 Americans have a recurrent myocardial infarction each year.2 Many patients 

with CHD require coronary stent placement, and the initiation of dual antiplatelet therapy, 

such as aspirin and clopidogrel, after coronary stent placement is the standard of care in 

modern medicine.3 As with younger patients, the data from older adults indicate a clear 

benefit of revascularization in clinically appropriate settings.4,5 Unfortunately, many high-

risk patients do not realize the full benefit of antiplatelet agents such as clopidogrel because 

of inadequate adherence. After coronary stent placement, 10–20% of patients 

inappropriately stop taking clopidogrel within the first 30 days after the procedure, and rates 

of nonadherence and/or complete discontinuation at 12 months are even greater.6–10 The 

risk of adverse events is particularly alarming for patients with drug-eluting stents who 

discontinue clopidogrel prematurely. These individuals have at least a 30-fold increased risk 
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of stent thrombosis over 9 months of follow-up compared with similar patients with good 

adherence.11

Although nonadherence to clopidogrel is multifactorial in etiology, the burden of medication 

copayments has been consistently reported as an important underlying problem, particularly 

before the drug was available in generic form.9, 13–20 This relationship has been observed 

within low-income cohorts for whom an increase in medication out-of-pocket costs has been 

linked to decreased use of essential medications, including cardiovascular medications.21, 22 

The Medicare Part D drug benefit includes a low-income cost subsidy (LIS) program 

designed to reduce medication copayments for beneficiaries with low income and limited 

assets, and also to eliminate the Part D “coverage gap.”23 Almost 10 million older adults are 

enrolled in the LIS program,23 and the program has been linked to better adherence and 

decreased use of cost-reducing behaviors such as borrowing money or going without 

necessities.24,25 The LIS benefit is associated with improved adherence to essential 

cardiovascular medications after a myocardial infarction26 and should also result in 

improved adherence among older adults who have had coronary revascularization with a 

stent, with or without a previous myocardial infarction.

Using 2006 and 2007 claims data from a large, national Medicare Part D insurer, we 

investigated whether enrollment in the LIS program was associated with clopidogrel 

adherence and persistence after coronary stent placement. We hypothesized that enrollment 

in the LIS program would be associated with a higher likelihood of good fill adherence to 

clopidogrel. We also hypothesized that LIS-enrolled beneficiaries would be less likely to 

discontinue clopidogrel prematurely. Our data predate the availability of clopidogrel in 

generic form, but we believe that examining this research question remains applicable to 

newer antiplatelet medications that are still only available in branded form (e.g., ticagrelor, 

prasugrel).

Methods

Study Design

In this study, we compared two groups of Medicare Part D beneficiaries who underwent 

coronary stent placement: those enrolled in the LIS program (exposed group) and those not 

enrolled in the LIS program (control group). We used a retrospective cohort design, 

following each individual in both groups forward in time from the date of their stent 

placement for up to 12 months.

Data Source and Patient Population

We analyzed 2006 and 2007 national pharmacy claims of Medicare Part D beneficiaries 

enrolled in Medicare Advantage Prescription Drug (MAPD) plans offered by a large 

national insurer. We limited the sample to beneficiaries who were aged 65 years or older by 

January 1, 2006; had a coronary stent placement between April 1, 2006, and December 31, 

2006; were not preexisting users of clopidogrel, defined by not having filled this medication 

over the 3 months prior to the coronary stent placement; and were continuously enrolled in 

the plan for 12 months after the coronary stent placement.

Duru et al. Page 3

Pharmacotherapy. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



We classified beneficiaries as being the exposed group if they were enrolled in the LIS 

program during the month of their stent placement in 2006 or at any point in the following 

12 months. Since LIS eligibility is based on the calendar year, beneficiaries enrolled at the 

time of their stent placement would have been enrolled for all of 2006, provided there was 

no change in their income or family size. Beneficiaries enrolled at any point in 2007 also 

retained eligibility for that calendar year and were included in the exposed group. We 

classified beneficiaries as being in the control group if they were not enrolled in the LIS 

program at any point in 2006 or 2007. As described below, we conducted a sensitivity 

analysis limiting the exposed group to beneficiaries who were enrolled in the LIS program 

for both the 2006 and 2007 calendar years, and dropping those beneficiaries only enrolled in 

the LIS program in either 2006 or 2007. We identified index events from the International 

Classification of Diseases, Ninth Revision (ICD-9), Current Procedural Terminology (CPT), 

and Healthcare Common Procedure Coding System (HCPCS) lists. Specifically, we defined 

coronary stent placement using ICD-9 codes 36.01–36.02, 36.05–36.07, and 36.09, or CPT/

HCPCS codes 92980, 92981, G0290, and G0291. For patients with multiple coronary stent 

placements, we defined the study window based on the first recorded procedure. We 

included patients with primary nonadherence, defined as having no fills for clopidogrel over 

the 12 months after stent placement, in the fill adherence analyses. However, we excluded 

these patients from the analyses examining clopidogrel discontinuation since they never 

started taking the medication in the first place.

Key Study Variables

Our two dependent variables were medication fill adherence for clopidogrel and medication 

discontinuation of clopidogrel. We calculated medication fill adherence using a pharmacy 

utilization-based measure, the proportion of days covered (PDC).27 The PDC uses refill data 

from pharmacy claims to determine the cumulative period for which medication was 

available to the patient. PDC values range from 0% (completely nonadherent) to 100% 

(completely adherent). We defined good fill adherence as having a PDC ≥ 80% over an 11-

month period after the coronary stent placement. We did not include the initial 30-day 

window after stent placement in calculating the PDC since patients may have received an 

initial supply of clopidogrel on discharge that was bundled with the cost of the procedure 

and possible inpatient stay. We allowed drug supply to carry over from month to month in 

calculating the PDC, including any medications patients received in the initial 30 days.

We assumed that patients with major bleeding while taking clopidogrel would likely be 

instructed to discontinue the medication, so the absence of subsequent refills would not 

necessarily indicate patient nonadherence. Therefore, we right-censored the analyses to 

exclude the time period after the first recorded date of major bleeding from the adherence 

calculations. We defined major bleeding as any record of the following ICD-9 codes 

indicating bleeding: 430–432 (intracerebral); 578.X (gastrointestinal); 719.1X 

(hemarthrosis); 423.0 (hemopericardium); 599.7 (hematuria); 626,2, 626.6, 626.8, 627.0, 

627.1 (vaginal); 786.3 (hemoptysis); 784.7 (epistaxis); or 459.0 (hemorrhage not otherwise 

specified)28.
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Since medications administered in skilled nursing facilities and inpatient hospitals are not 

covered by Medicare Part D, we subtracted the number of days that beneficiaries were 

admitted in either of these facilities from the denominator used to calculate clopidogrel fill 

adherence. We did not include fills for any other antiplatelet agents in our measure of 

adherence to clopidogrel. We defined persistence with clopidogrel as a 90-day gap between 

the estimated date of running out of medication (calculated from the date and days’ supply 

of the last clopidogrel refill) and the date exactly 12 months after coronary stent placement. 

Beneficiaries who had greater than a 90-day gap without any evidence of major bleeding as 

defined above were classified as nonpersistent and were considered to have discontinued 

clopidogrel prematurely.

Our primary predictor was enrollment in the Medicare Part D LIS program, which has been 

ongoing since 2006 with the same income inclusions relative to the federal poverty level. 

The LIS program automatically enrolls beneficiaries with incomes at or below 135% of the 

federal poverty level or who qualify for Medicaid, including those in long-term care nursing 

facilities, as well as patients who receive some assistance from Medicare cost-sharing 

programs for other low-income individuals (e.g., Specified Low-Income Medicare 

Beneficiary program). The LIS program is also open to voluntary enrollment for non–

Medicaid-eligible beneficiaries with incomes < 150% of the federal poverty level who also 

meet prespecified asset thresholds. We were not able to differentiate among LIS 

beneficiaries based on eligibility criteria and combined them into a single group.

The LIS program discounts the costs of medications in two ways, by reducing copayments 

and by eliminating the standard Part D coverage gap; these benefits are mandated by 

Medicare and must be provided by all Medicare Part D insurers to their LIS beneficiaries. 

Copayments for LIS enrollees who were Medicaid eligible or had incomes < 135% of the 

federal poverty level in 2006 ranged from $1.00–2.15 for generic medications and $3.00–

5.35 for tier 1 brand name medications. LIS enrollees with incomes between 135% and 

150% of the federal poverty level were responsible for 15% of their total medication costs 

until they reached a threshold at which the LIS copayments were applied. All LIS enrollees 

are exempted from the Medicare Part D coverage gap (i.e., their medication subsidies were 

year round). In contrast, Part D beneficiaries in our dataset who were not enrolled in the LIS 

program had benefit designs that varied in terms of medication generosity. The most 

frequent benefit design for non-LIS enrollees in 2006 included copayments of $7.50 for 

generic medications and $15 for tier 1 brand-name medications. All non-LIS enrollees were 

responsible for 100% of their medication costs after entering the coverage gap.

Propensity Score Estimation

We used a combination of individual-level variables to calculate a propensity score 

predicting the propensity of patients to be eligible for the LIS benefit by using Stata 

software, version 13.29 These variables were drawn directly from the enrollment and claims 

files, and included age measured as a continuous variable, sex, each of 16 comorbidities 

(hypertension, coronary artery disease, congestive heart failure, dementia, schizophrenia, 

mental health condition other than schizophrenia, osteoarthritis, rheumatoid arthritis, non-

skin cancer, chronic obstructive pulmonary disease, atrial fibrillation/arrhythmia, end-stage 
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renal disease, cerebrovascular accident, peripheral arterial disease, diabetes mellitus, 

hyperlipidemia), and an indicator for whether the last refill was for a 90-day supply.

Statistical Analysis

The two main study outcomes were good clopidogrel fill adherence (PDC ≥ 80%) and early 

discontinuation of clopidogrel. We calculated Average Treatment Effects using inverse-

probability–weighted regression adjustment, a “doubly robust” approach implemented using 

the teffects command in Stata 13.30 Using inverse probability weights obtained from the 

propensity score model, we fit weighted regression models separately for each treatment 

level and then predicted adherence or discontinuation for the entire sample. This resulted in 

treatment-specific outcome predictions for each individual. The average treatment effect is 

the difference of the average prediction from the LIS treatment model minus the average 

prediction from the non-LIS treatment model. We used p<0.05 as a significance test for all 

comparisons.

We evaluated several sensitivity analyses to evaluate the robustness of our findings with 

changes in the definitions of key study variables. We conducted two key sensitivity analyses 

to assess the potential impact of clinical variation on our findings, including limiting the 

sample to patients with ICD-9 codes that were specific for drug-eluting stents (78% of all 

stents in the sample). We also increased the threshold for good fill adherence to a PDC of 

90%, given the potential devastating consequences for CAD patients of even limited 

nonadherence to antiplatelet therapy, and we report the results of both analyses.

We conducted additional sensitivity analyses related to LIS exposure and the timing of 

medication fills. We limited the LIS-enrolled group to beneficiaries with claims reflecting 

LIS enrollment in both 2006 and 2007, comparing them to the subsample that were never 

enrolled in the LIS program during either year. We also included in the regressions an 

indicator if the last medication refill was for a 90-day supply and occurred more than 30 

days prior to the end of the study window. We included this indicator to adjust for the 

possibility that beneficiaries with “terminal” 90-day refills may have falsely elevated fill 

adherence compared with beneficiaries who received 30-day refills, if part of the 90-day 

supply was discarded and not actually consumed. Finally, we also included beneficiaries 

who were noncontinuously enrolled and who were known to have died during the study 

window, and included them as nonadherent after their last recorded refill. Each of these 

sensitivity analyses yielded findings consistent with the main analyses, so we report only the 

sensitivity analyses described in the previous two paragraphs.

Results

A total of 2967 beneficiaries were enrolled in the study: 504 LIS enrollees and 2463 non-

LIS enrollees (Table 1). Descriptive characteristics of the two comparison groups were more 

balanced after propensity score weighting, and no statistically significant differences were 

observed. Overall, 18% of patients had a major bleeding event within 12 months after stent 

placement. In the adjusted analyses, LIS enrollees were more likely to have good fill 

adherence (> 80% PDC) to clopidogrel over the 12 months after coronary stent placement 

compared to beneficiaries not enrolled in the LIS program (54.8% vs. 47.6%, p=0.008 
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[Table 2]). We observed findings of similar magnitude when the fill adherence threshold 

was set at 90% PDC (42.2% vs. 35.3%, p=0.006) and for the subset of patients with drug-

eluting stents (59.1% vs. 51.7%, p=0.022). However, we found no significant difference in 

the likelihood of premature clopidogrel discontinuation among non-LIS enrollees compared 

to LIS enrollees (21.0% vs. 18.3%, p=0.21).

Discussion

These analyses found that Medicare Part D beneficiaries receiving the LIS were more likely 

to have good adherence to clopidogrel after coronary stent placement compared with those 

not receiving the LIS. This was also true for the subgroup who received a drug-eluting stent. 

However, there was no difference between the groups in the likelihood of discontinuing 

clopidogrel altogether, suggesting that LIS status is not associated with this critical risk 

behavior that greatly increases the risk of stent thrombosis. Although clopidogrel is now 

available in generic form, these results are relevant when considering adherence to newer 

brand-name antiplatelet agents such as prasugrel and ticagrelor. Based on findings from 

large epidemiologic studies and clinical trials, this improvement in adherence we observe 

among Medicare beneficiaries enrolled in the LIS program should be associated with fewer 

cardiovascular events.31,32

For example, analysis of the Patterns of Non-Adherence to Anti-Platelet Regimens in 

Stented Patients (PARIS) registry found that 14% of patients had a “disruption” of therapy, 

including for as little as < 7 days. Compared to adherent patients, the patients with disrupted 

therapy had a 3.2–percentage point increase in any major cardiovascular event (composite of 

cardiac death, definite or probable stent thrombosis, myocardial infarction, or 

revascularization)33. Although our definitions for patient inclusion criteria and study 

variables differ, extrapolation from these numbers suggests that an approximate excess 

burden up to 0.23% of cardiovascular events (or 2.3 events/1000 patients) might be linked to 

differences in fill adherence associated with LIS benefit status.

Our findings are consistent with another recently published study examining the association 

with the LIS benefit and adherence to cardiovascular medications. This study found that 

Medicare beneficiaries with CHD enrolled in the LIS program were more likely to have 

good overall adherence to a group of medications, including angiotensin-converting enzyme 

(ACE) inhibitors, angiotensin receptor blockers, and beta-blockers, compared to patients not 

enrolled in the LIS program.34 However, this study included all patients with prevalent 

CHD, rather than examining adherence in the critical post-revascularization procedure 

period.

A recently published randomized clinical trial found that providing free medications after 

myocardial infarction improved medication adherence and decreased the rates of major 

vascular events, although no significant change was seen in revascularization rates.35 This 

type of value-based design, in which copayments for key evidence-based medications are 

reduced or eliminated, has been shown to improve adherence and other health outcomes in 

different settings.36 Patients who successfully enroll in LIS will benefit from lower out-of-

pocket costs, including a copayment reduction as well as an exemption from the Medicare 
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coverage gap. The Center for Medicare and Medicaid Services estimates that as of 2010, 

more than 1.5 million beneficiaries are eligible for the LIS subsidy based on their income 

and assets but have not applied.22 Aggressive outreach efforts are underway to identify and 

enroll these eligible beneficiaries, including routinized screening of all patients in the 

Connecticut and New Jersey state pharmaceutical assistance programs.37 However, such 

efforts will only reach a minority of low-income, eligible Part D patients with chronic 

conditions such as CHD.

One reason that eligible Medicare beneficiaries may not enroll in the LIS program is the 

complexity of the enrollment process. Only 30% of Medicare beneficiaries who are eligible 

for the LIS program, but are not automatically enrolled, have signed up.23 Half of eligible 

beneficiaries are enrolled in Part D but are in unsubsidized plans with higher cost sharing.23 

A survey of patients with incomes < 150% of the federal poverty level found that LIS 

enrollment is particularly low among patients with less than a high school education and that 

lack of understanding about the program is an important barrier to enrollment.38 A separate 

study produced similar findings, showing that among older adults, cognitive impairment and 

lower health numeracy are linked to lower rates of LIS enrollment.39 Another reason why 

some eligible patients may not enroll is that they are taking relatively few prescription 

medications and do not expect to save money with medication subsidies.38 However, low-

income Medicare beneficiaries with relatively high copayments who are prescribed multiple 

medications for CHD upon discharge, including antiplatelet medications, a statin, a beta-

blocker, and, potentially, an ACE inhibitor and an aldosterone antagonist, will likely benefit 

from LIS enrollment.

The use of critical pathways and toolkits has proven very successful in ensuring that the 

appropriate evidence-based medications are started in all eligible patients after myocardial 

infarction while hospitalized.40 Many of these standardized protocols also include patient 

education prior to discharge and incorporate a multidisciplinary team, including nurses and 

pharmacists. However, these protocols do not routinely address financial barriers to 

medication adherence. The interaction with the health care system after a myocardial 

infarction or for a cardiac revascularization procedure may represent an ideal opportunity to 

screen Medicare patients to identify a subset that may be eligible for the LIS program, and 

help them with applying to the program in order to decrease their medication out-of-pocket 

costs. As many patients are likely to have difficulty applying on their own, the index 

hospitalization and immediate outpatient follow-up period may represent an important 

window to provide assistance with the process. Patients can apply online or over the 

telephone and in most cases are not required to submit proof of income or resources since 

the Social Security Administration verifies patient-reported estimates against government 

records.41 We believe that pilot studies evaluating this type of practical approach are 

indicated as a potential adjunct to improve the quality of comprehensive care and secondary 

prevention for older patients of low socioeconomic status who have coronary heart disease.

Our study has several limitations. We were unable to differentiate between LIS enrollees 

who were automatically enrolled and those who applied voluntarily, so we were unable to 

report on the association of specific copayment levels and LIS status with medication 

adherence. We could not determine the physician intent for specific duration of therapy with 
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clopidogrel. Although guidelines for the duration of antiplatelet therapy after coronary stent 

placement have not changed significantly over the last 10 years, the data we analyzed for 

this study are several years old and may not reflect other recent changes in clinical practice 

and patient management. Finally, as with many studies using administrative claims data, we 

were not able to include such variables as prescribing physician specialty, use of tobacco or 

alcohol, race/ethnicity, or level of education in our propensity score. The absence of 

potential confounders increases the possibility of omitted variable bias, and future studies 

that can include these variables will be better able to demonstrate causal inference.

Conclusion

For patients with a chronic disease such as CHD, maintaining good adherence to an 

evidence-based medication regimen is critical to optimize self-care and decrease the risk of 

bad outcomes. Improving adherence among these patients is a public health priority, and 

addressing system-level barriers to adherence is an important direction of research and 

practice. Our findings indicate that the medication subsidies provided by the Medicare LIS 

program are associated with increased fill adherence to clopidogrel. Although clopidogrel is 

now available in generic form, other brand-name antiplatelet medications are now available, 

such as prasugrel and ticagrelor, for which good adherence after coronary stent placement is 

critical. The results of this study therefore suggest the need for ongoing research and 

creative interventions to increase LIS uptake among patients with coronary heart disease 

who are financially eligible for the subsidy program but are not currently enrolled.

Acknowledgments

Significant contributions to this study were made by members of the Translating Research into Action for Diabetes 
(TRIAD) Study Group. The authors also acknowledge the participation of our health plan partners.

FUNDING SOURCES:

This study was jointly funded by the Centers for Disease Control and Prevention (Division of Diabetes Translation; 
Program Announcement no. 04005) and the National Institute of Diabetes and Digestive and Kidney Diseases 
(NIDDK). The findings and conclusions in this report are those of the authors and do not necessarily represent the 
views of the funding organizations. This study was also funded by a grant from the National Institutes of Health 
(NIH)/NIDDK (DK 089122). Drs. Duru and Mangione received support from the Resource Centers for Minority 
Aging Research/Center for Health Improvement of Minority Elderly (RCMAR/CHIME) funded by the NIH/
National Institute on Aging (NIA) (P30 AG021684). Dr. Duru was supported by a Career Development Award 
from the NIH/NIA (K08 AG033630) as well as the Harold Amos Medical Faculty Development Award from the 
Robert Wood Johnson Foundation. Dr. Mangione also received support from the NIH/National Center for 
Advancing Translational Sciences University of California–Los Angeles Clinical and Translational Science 
Institute Grant (UL1 TR000124).

Sponsor’s Role: The funders of this grant were not involved in the design, methods, subject recruitment, data 
collection, analysis, or preparation of the paper.

REFERENCES

1. Heart Disease Fact Sheet. [Accessed March 19, 2014] Centers for Disease Control and Prevention 
(online). Available at: http://www.cdc.gov/dhdsp/data_statistics/fact_sheets/docs/
fs_heart_disease.pdf

2. Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and stroke statistics--2012 update: A report 
from the american heart association. Circulation. 2012; 125:e2–e220. [PubMed: 22179539] 

Duru et al. Page 9

Pharmacotherapy. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.cdc.gov/dhdsp/data_statistics/fact_sheets/docs/fs_heart_disease.pdf
http://www.cdc.gov/dhdsp/data_statistics/fact_sheets/docs/fs_heart_disease.pdf


3. Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/AHA/SCAI Guideline for Percutaneous 
Coronary Intervention: A Report of the American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines and the Society for Cardiovascular 
Angiography and Interventions. J Am Coll Cardiol. 2011; 58(24):e44–e122. [PubMed: 22070834] 

4. Forman DE, Cox DA, Ellis SG, et al. Long-term paclitaxel-eluting stent outcomes in elderly 
patients. Circ Cardiovasc Interv. 2009 Jun; 2(3):178–187. [PubMed: 20031714] 

5. Graham MM, Ghali WA, Faris PD, et al. Survival after coronary revascularization in the elderly. 
Circulation. 2002 May 21; 105(20):2378–2384. [PubMed: 12021224] 

6. Spertus JA, Kettelkamp R, Vance C, et al. Prevalence, predictors, and outcomes of premature 
discontinuation of thienopyridine therapy after drug-eluting stent placement: Results from the 
premier registry. Circulation. 2006; 113:2803–2809. [PubMed: 16769908] 

7. Muntner P, Mann DM, Woodward M, et al. Predictors of low clopidogrel adherence following 
percutaneous coronary intervention. Am J Cardiol. 2011; 108:822–827. [PubMed: 21741610] 

8. Zhu B, Zhao Z, McCollam P, et al. Factors associated with clopidogrel use, adherence, and 
persistence in patients with acute coronary syndromes undergoing percutaneous coronary 
intervention. Curr Med Res Opin. 2011; 27:633–641. [PubMed: 21241206] 

9. Ho PM, Peterson ED, Wang L, et al. Incidence of death and acute myocardial infarction associated 
with stopping clopidogrel after acute coronary syndrome. JAMA. 2008; 299:532–539. [PubMed: 
18252883] 

10. Roth GA, Morden NE, Zhou W, et al. Clopidogrel use and early outcomes among older patients 
receiving a drug-eluting coronary artery stent. Circ Cardiovasc Qual Outcomes. 2012 Jan; 5(1):
103–112. [PubMed: 22147885] 

11. Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, predictors, and outcome of thrombosis after 
successful implantation of drug-eluting stents. JAMA. 2005; 293:2126–2130. [PubMed: 
15870416] 

12. Philipson TJ, Mozaffari E, Maclean JR. Pharmacy cost sharing, antiplatelet therapy utilization, and 
health outcomes for patients with acute coronary syndrome. Am J Manag Care. 2010; 16:290–297. 
[PubMed: 20394466] 

13. Garavalia L, Garavalia B, Spertus JA, et al. Exploring patients' reasons for discontinuance of heart 
medications. J Cardiovasc Nurs. 2009; 24:371–379. [PubMed: 19707097] 

14. Schneeweiss S, Patrick AR, Maclure M, et al. Adherence to statin therapy under drug cost sharing 
in patients with and without acute myocardial infarction: A population-based natural experiment. 
Circulation. 2007; 115:2128–2135. [PubMed: 17420348] 

15. Ellis JJ, Erickson SR, Stevenson JG, et al. Suboptimal statin adherence and discontinuation in 
primary and secondary prevention populations. J Gen Intern Med. 2004; 19:638–645. [PubMed: 
15209602] 

16. Thiebaud P, Patel BV, Nichol MB. The demand for statin: The effect of copay on utilization and 
compliance. Health Econ. 2008; 17:83–97. [PubMed: 17585395] 

17. Ye X, Gross CR, Schommer J, et al. Association between copayment and adherence to statin 
treatment initiated after coronary heart disease hospitalization: A longitudinal, retrospective, 
cohort study. Clin Ther. 2007; 29:2748–2757. [PubMed: 18201593] 

18. Gibson TB, Mark TL, Axelsen K, et al. Impact of statin copayments on adherence and medical 
care utilization and expenditures. Am J Manag Care. 2006; 12(Spec no):SP11–SP19. [PubMed: 
17173486] 

19. Doshi JA, Zhu J, Lee BY, et al. Impact of a prescription copayment increase on lipid-lowering 
medication adherence in veterans. Circulation. 2009; 119:390–397. [PubMed: 19139387] 

20. Tamblyn R, Laprise R, Hanley JA, et al. Adverse events associated with prescription drug cost-
sharing among poor and elderly persons. JAMA. 2001; 285:421–429. [PubMed: 11242426] 

21. Hartung DM, Carlson MJ, Kraemer DF, et al. Impact of a medicaid copayment policy on 
prescription drug and health services utilization in a fee-for-service medicaid population. Med 
Care. 2008; 46:565–572. [PubMed: 18520310] 

22. Meijer E, Karoly LA, Michaud PC. Using matched survey and administrative data to estimate 
eligibility for the medicare part d low-income subsidy program. Soc Secur Bull. 2010; 70:63–82. 
[PubMed: 20560303] 

Duru et al. Page 10

Pharmacotherapy. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



23. Shoemaker JS, Davidoff AJ, Stuart B, et al. Eligibility and take-up of the Medicare Part D low-
income subsidy. Inquiry. 2012 Fall;49(3):214–230. [PubMed: 23230703] 

24. Wei II, Lloyd JT, Shrank WH. The relationship between the low-income subsidy and cost-related 
nonadherence to drug therapies in Medicare Part D. J Am Geriatr Soc. 2013 Aug; 61(8):1315–
1323. [PubMed: 23889465] 

25. Fung V, Reed M, Price M, et al. Responses to Medicare drug costs among near-poor versus 
subsidized beneficiaries. Health Serv Res. 2013 Oct; 48(5):1653–1668. [PubMed: 23663197] 

26. Stuart B, Davidoff A, Erten M, et al. How Medicare Part D benefit phases affect adherence with 
evidence-based medications following acute myocardial infarction. Health Serv Res. 2013 Dec; 
48(6 Pt 1):1960–1977. [PubMed: 23742013] 

27. Grymonpre R, Cheang M, Fraser M, et al. Validity of a prescription claims database to estimate 
medication adherence in older persons. Med Care. 2006; 44:471–477. [PubMed: 16641666] 

28. Tsai TT, Messenger JC, Brennan JM, Patel UD, Dai D, Piana RN, et al. Safety and efficacy of 
drug-eluting stents in older patients with chronic kidney disease: a report from the linked CathPCI 
Registry-CMS claims database. J Am Coll Cardiol. 2011; 58(18):1859–1869. [PubMed: 
22018296] 

29. Sascha O, Becker AI. Estimation of average treatment effects based on propensity scores. The 
Stata Journal. 2002; 2:358–377.

30. Wooldridge JM. Inverse probability weighted estimation for general missing data problems. 
Journal of Econometrics. 2007; 141:1281–1301.

31. Wei L, Fahey T, MacDonald TM. Adherence to statin or aspirin or both in patients with 
established cardiovascular disease: Exploring healthy behaviour vs. Drug effects and 10-year 
follow-up of outcome. Br J Clin Pharmacol. 2008; 66:110–116. [PubMed: 18492127] 

32. Penning-van Beest FJ, Termorshuizen F, Goettsch WG, et al. Adherence to evidence-based statin 
guidelines reduces the risk of hospitalizations for acute myocardial infarction by 40%: A cohort 
study. Eur Heart J. 2007; 28:154–159. [PubMed: 17158123] 

33. Mehran R, Baber U, Steg PG, Ariti C, Weisz G, Witzenbichler B, et al. Cessation of dual 
antiplatelet treatment and cardiac events after percutaneous coronary intervention (PARIS): 2 year 
results from a prospective observational study. Lancet. 2013; 382(9906):1714–1722. [PubMed: 
24004642] 

34. Priest J, Buikema A, Engel-Nitz NM, et al. Quality of care, health care costs, and utilization among 
medicare part d enrollees with and without low-income subsidy. Popul Health Manag. 2012; 
15:101–112. [PubMed: 22313439] 

35. Choudhry NK, Avorn J, Glynn RJ, et al. Full coverage for preventive medications after myocardial 
infarction. N Engl J Med. 2011; 365:2088–2097. [PubMed: 22080794] 

36. Chernew ME, Juster IA, Shah M, et al. Evidence that value-based insurance can be effective. 
Health Aff (Millwood). 2010; 29:530–536. [PubMed: 20093294] 

37. Summer L, O'Brien E, Nemore P, et al. Medicare Part D: State and Local Efforts to Assist 
Vulnerable Beneficiaries. The Commonwealth Fund. 2008 May.

38. Davidoff AJ, Stuart B, Shaffer T, et al. Lessons learned: Who didn't enroll in medicare drug 
coverage in 2006, and why? Health Aff (Millwood). 2010; 29:1255–1263. [PubMed: 20466775] 

39. Kuye IO, Frank RG, McWilliams JM. Cognition and take-up of subsidized drug benefits by 
Medicare beneficiaries. JAMA Intern Med. 2013 Jun 24; 173(12):1100–1107. [PubMed: 
23649604] 

40. Peterson ED, Albert NM, Amin A, et al. Implementing critical pathways and a multidisciplinary 
team approach to cardiovascular disease management. Am J Cardiol. 2008; 102:47G–56G. 
[PubMed: 18572034] 

41. Help for Low-Income Beneficiaries. SHIP Resource Guide Medicare Basics 2010. Health 
Assistance Partnership (online). Available at: http://familiesusa2.org/hapnetwork/medicare-drug-
coverage/ship-resource-guide/low-income-help.pdf. 

Duru et al. Page 11

Pharmacotherapy. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://familiesusa2.org/hapnetwork/medicare-drug-coverage/ship-resource-guide/low-income-help.pdf
http://familiesusa2.org/hapnetwork/medicare-drug-coverage/ship-resource-guide/low-income-help.pdf


N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Duru et al. Page 12

Table 1

Characteristics of Patients with a Coronary Stent by Low-Income Cost Subsidy Status, Before and After 

Inverse Propensity Score Weighting

Inverse Propensity
Score Unweighted

Inverse Propensity
Score Weighted

Characteristic LIS
Enrollees
(n=504)

Not
Enrolled

in LIS
(n=2463)

LIS
Enrollees
(n=504)

Not
Enrolled

in LIS
(n=2463)

Age (yrs), mean ± SD 73.8 ± 5.8 74.4 ± 5.9 74.4 ± 5.8 74.3 ± 5.9

Female sex 61% 37% 42% 41%

Comorbidities

  Hypertension 84% 75% 76% 77%

  Coronary artery disease 90% 86% 85% 86%

  Mental health condition (not schizophrenia) 13% 8% 9% 9%

  Dementia 4% 3% 3% 3%

  Osteoarthritis 23% 17% 18% 18%

  Rheumatoid arthritis 2% 2% 2% 2%

  Cancer (not skin cancer) 17% 20% 19% 19%

  Chronic obstructive pulmonary disease 35% 19% 22% 22%

  Congestive heart failure 32% 22% 25% 24%

  Atrial fibrillation/arrhythmia 37% 33% 33% 34%

  End-stage renal disease 7% 4% 5% 5%

  Cerebrovascular accident 22% 17% 18% 17%

  Peripheral arterial disease 28% 18% 20% 20%

  Diabetes mellitus 45% 29% 33% 32%

  Hyperlipidemia 72% 69% 68% 70%

  Schizophrenia 2% 1% 1% 1%

Last index fill was a 90-day supply 11% 18% 16% 17%

LIS = low-income cost subsidy
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Table 2

Adjusted Predicted Probabilities of Good Clopidogrel Fill Adherence and Early Discontinuation of 

Clopidogrel by Low-Income Cost Subsidy Status, After Inverse Probability Weighting Estimationa

Variable Predicted
Percentage
Among LIS
Enrollees

Predicted
Percentage

Among Non-
LIS Enrollees

Average Treatment
Effect (95% CI)

p
Value

Fill adherence to clopidogrel (PDC > 80%) for the 12 months after 
coronary stent placement (n=2967)

54.8% 47.6% 7.2% (1.9–12.5%) 0.008

Fill adherence to clopidogrel (PDC > 90%) for the 12 months after 
coronary stent placement (n=2967)

42.2% 35.3% 6.9% (2.0–11.8%) 0.006

Patients with drug-eluting stents: fill adherence to clopidogrel (PDC > 
80%) for the 12 months after coronary stent placement (n=2174)

59.1% 51.7% 7.4% (1.1–13.6%) 0.022

Early discontinuation of clopidogrel after coronary stent placement 
(n=2550)

18.3% 21.0% −2.7% (−6.8–1.5%) 0.21

LIS = low-income cost subsidy; CI = confidence interval; PDC = proportion of days covered.

a
Adjusted for age, sex, 16 separate comorbidities, and whether the last index medication fill was for a 30-day or 90-day supply.
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