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Abstract
Objectives—To assess the impact of exposure to evidence-based medication following hospital
discharge for Medicare beneficiaries with acute myocardial infarction (AMI).

Design—A discrete-time hazard model was used to estimate time-to-outcome associated with
exposure to four drug classes (angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin
receptor blockers (ARBs), beta-blockers (BBs), statins, and clopidogrel) used for post-AMI
secondary prevention of cardiovascular events and mortality.

Setting—Medicare administrative data for a 5% random sample of beneficiaries.

Participants—Medicare beneficiaries (n=9,538) hospitalized for an AMI between 4/1/2006 and
12/31/2007 who survived for at least 30 days after discharge. The cohort was followed until death
or 12/31/2008.

Measurements—Time-varying exposure was measured as proportion of days covered (PDC)
for each quarter during the follow-up period. PDC was classified into five categories (0–0.2; >0.2–
0.4; >0.4–0.6; >0.6–0.8; >0.8–1.0). Outcomes were mortality and a composite outcome of death or
post-AMI hospitalization.
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Results—Over a median follow-up of 18 months, mean PDC rates ranged from 0.37
(clopidogrel) to 0.50 (statins). When comparing the highest versus lowest categories of exposure,
the hazard of the composite outcome was significantly lower for all drug classes except BBs
[statins, adjusted hazard ratio (aHR) = 0.71, ACEIs/ARBs, aHR = 0.81, clopidogrel, aHR = 0.85,
BBs, aHR = 0.93]. All four drug classes were significantly associated with reductions in mortality;
the magnitude of effect for the mortality outcome was largest for statins and smallest for BBs. Age
modified the effect of statins on mortality.

Conclusion—Use of evidence-based medications for secondary prevention post-AMI is
suboptimal in the Medicare population and low exposure rates are associated with significantly
higher risk for subsequent hospitalization and death.
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INTRODUCTION
Coronary artery disease is a major cause of morbidity and the leading cause of death in older
adults. In the United States, approximately 800,000 adults over the age of 65 years suffer an
acute myocardial infarction (AMI) or fatal coronary heart disease each year.1 Over the past
several decades, advances in the medical treatment of coronary heart disease have resulted
in a significant decline in hospital and short-term mortality.2–4 Numerous clinical trials have
demonstrated the efficacy of HMG-CoA reductase inhibitors (statins), beta-blockers (BBs),
angiotensin-converting enzyme inhibitors (ACEIs), angiotensin-II receptor blockers (ARBs),
and antiplatelet agents such as clopidogrel for secondary prevention in patients who have
suffered an AMI.5–10 Use of these evidence-based medications is now a cornerstone of long-
term medical therapy in this patient population.11–14

Despite encouraging decreases in population death rates from coronary heart disease and
hospital mortality after an AMI in the US, older adults remain at increased risk for adverse
outcomes after hospitalization for AMI. Pooled data from the Framingham Heart Study, the
Atherosclerosis Risk in Communities study, and the Cardiovascular Health Study of the
National Heart, Lung, and Blood Institute demonstrate that patients over the age of 65 who
survive an AMI have a substantial risk of recurrent AMI, sudden death, chronic heart failure
(CHF), or stroke. Specifically, these studies show that within five years of a first AMI, 22%
of patients over 65 years old will have another infarction; 28–54% will die; 20–23% will
develop CHF; and 5–8% will suffer a stroke.1

Use of evidence-based pharmacotherapy for secondary prevention is associated with
improvements in post-AMI outcomes.15–18 Unfortunately, evidence suggests these
medications are neither consistently prescribed when appropriate, nor consistently adhered
to by patients.19–24 Studies evaluating secondary prevention commonly focus on a single
medication class, and outcomes such as mortality are investigated only up to one year post-
AMI.9,15,17,25–29 Thus, there are limited data documenting the long-term impact on post-
AMI outcomes when patients do not receive or adhere to evidence-based treatment
regimens.30,31 The purpose of this study was to examine the effect of patient exposure to
four key evidence-based medication classes (statins, BBs, ACEIs/ARBs, and clopidogrel) on
a composite outcome of post-AMI hospitalization or all-cause death as well as on mortality
alone within the time period of up to 33 months after hospital discharge for first AMI. We
also examined whether the relationship between use of these four drug classes and outcomes
varied by patient age.
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METHODS
Study Population

The study cohort was selected from a 5% simple random sample of Medicare beneficiaries
with a discharge diagnosis of AMI (ICD-9 410.xx) in the first or second position on an
inpatient claim between April 1, 2006 and December 31, 2007 (the ‘index AMI’) who
survived at least 30 days after discharge. To assure complete data capture, we required all
subjects to have continuous coverage for Medicare Parts A, B, and D during the study
period. Individuals with an AMI diagnosis on a Medicare claim prior to April 2006 or a
missing value for discharge date were excluded. We also excluded beneficiaries enrolled in
capitated Medicare Advantage plans (Part C) as these plans do not submit claims data to the
Centers for Medicare & Medicaid Services. As a result, all analyses were restricted to
beneficiaries enrolled in stand-alone, fee-for-service Medicare and prescription drug plans.
Subjects were tracked from 3 months prior to their index AMI hospitalization until death or
the end of the study period, defined as December 31, 2008.

Measures
The two endpoints of interest were: (a) a composite outcome of post-AMI hospitalization for
recurrent AMI, stroke, transient ischemic attack (TIA), CHF, or all-cause death; and (b) a
separate measure of mortality alone. Nonfatal endpoints were identified in the first position
on inpatient hospital claims. To minimize bias introduced by competing risks, the first post-
AMI event was identified as a composite endpoint that represented the earliest of the
outcomes described above. Time-to-first-endpoint was measured in months.

The primary independent variable was a measure of drug exposure defined as the monthly
proportion of days covered (PDC) for ACEIs/ARBs, BBs, statins, and clopidogrel from
January 2006 through death or the end of the study period. The monthly PDC measures for
each drug class were based upon refill records and were calculated by totaling the number of
days during the month when patients had a medication from the drug class available and
dividing by the total number of days within the month. Thus, PDC ranged from 0 to 1, with
0 representing no drug use and 1 representing drug use on every day within the month. Since
drug exposure may change over time and to capture the most relevant medication utilization
pattern, time-varying PDCs were calculated for each month that captured the average PDC
of the prior quarter (three months). Drugs were identified by their National Drug Code in the
Part D Prescription Drug Event File using the First DataBank drug dictionary (Hearst
Corporation, San Francisco, CA).

Covariates included baseline characteristics in 2006 such as age, sex, race, region, low-
income subsidy (LIS) status, selected chronic and cardiovascular conditions likely to impact
use of the four drug classes under review; AMI severity measures such as length of index
AMI hospital stay and history of any hospitalization during the 3-month period before the
index AMI; treatment characteristics such as evidence of transfer to another hospital within
one day of the index AMI admission or percutaneous coronary interventions during index
AMI hospital stay; and pre-index AMI measures including any use of medications in the
four drug classes and number of unique chronic medications taken in the 3-month period
prior to index AMI.

Statistical analysis
We estimated separate sets of maximum partial likelihood discrete-time hazard models for
the composite (i.e. time-to-first-endpoint) and mortality outcomes. Models 1 through 4
analyzed the effect of exposure to each drug class individually, while Model 5 included all
four drug classes in the analysis. The rationale for estimating Model 5 is that any
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unobserved behavior common to drug exposure across classes is removed (covaried out)
from the estimated drug effects. A common problem in observational studies that evaluate
drug effects on clinical outcomes is that individuals who are more likely to use and be
adherent with the drug may have better outcomes independent of the drug effect if exposure
is associated with unobserved healthy behaviors. Including several drugs as explanatory
variables in the same model is one way to control for such healthy behavior bias.

For all models, we included timing-varying PDCs for the prior three months for each drug
class of interest as the primary independent variables, together with baseline characteristics
for adjusted models. As the association of increasing exposure with the outcomes was found
to be non-linear, patients were stratified into one of five categories of exposure for each
medication class (Category 1 PDC = 0.0–0.2; Category 2 PDC = >0.2–0.4; Category 3 PDC
= >0.4–0.6; Category 4 PDC = >0.6–0.8; Category 5 PDC = >0.8–1.0), with Category 1
used as the reference category. To test for the effect modification of age on the relationship
between drug use and outcomes, we included age-by-exposure interaction terms in the
adjusted models. A likelihood ratio (LR) test was used to estimate the significance of the
interaction terms; the null hypothesis is that there was no interaction. A nonsignificant LR
test would mean that the interaction terms can be removed from the model (that there was no
modifying effect of age on drug exposure and outcomes).

Several features were considered with these models. First, discrete approximations were
used for handling datasets with outcomes that occur at the same time (tied data). In the
context that all PDC values and outcomes were measured at monthly intervals, all time
variables can only take on integer values and discrete-time Cox models naturally become
most suitable for the analyses. Second, since exposure changes over time, time-dependent
covariates included in the models enabled the estimation of the effect of most recent
medication utilization pattern on the outcome. Third, models estimating the composite
outcome minimized the bias possibly caused by competing risks, that is, an outcome (e.g.,
death) that occurs before the outcome of interest (e.g., recurrent AMI). Finally, models
estimating the mortality outcome can quantify the effect of drug exposure on the most
clinically severe prognosis, therefore serving as a sensitivity analysis for the composite
outcome models. All regression models were estimated using SAS 9.2 (SAS Institute, Inc.,
Cary, NC). The study design was approved by the University of Maryland, Baltimore
Institutional Review Board.

RESULTS
Characteristics of the study sample

Between 2006 and 2008, 9,583 Medicare beneficiaries met the sample inclusion criteria.
Characteristics of these beneficiaries are shown in Table 1. The sample was predominantly
white (83.8%) and female (64.7%); more than half (56.7%) were over 74 years of age, with
a high concentration residing in the South (41.8%). More than half of the sample
beneficiaries (51.8%) received the Part D low-income subsidy (LIS), primarily through dual
(Medicare/Medicaid) eligibility. Hypertension was the most prevalent comorbid condition
(86.9%), followed by ischemic heart disease (78.9%), hyperlipidemia (66.6%), CHF
(55.3%), and diabetes mellitus (47.4%).

Nearly one-fifth (18.3%) of the cohort had a hospitalization in the 3 months prior to the
index AMI. The mean count of chronic medication use was 5.4 within 3 months before the
index AMI. During the index AMI hospitalization, 29.0% received a coronary artery stent,
and 11.7% were transferred to another hospital within a day of the index AMI admission.
The average length of stay for the index AMI hospitalization, including transfers to other
hospitals, was 8.0 days. The median follow-up time after the index AMI hospital discharge
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was 18.0 months (range 0.07 to 33.0 months). One-third (33.0%) of the sample died and
52.2 % experienced at least one of the outcomes of interest during the follow-up period.

Patterns of exposure to study medications over time
Within one month after hospital discharge for the index AMI, more than half of the subjects
filled prescriptions for ACEIs/ARBs (59%), BBs (51%), and statins (54%), while less than
half (46%) filled prescriptions for clopidogrel (Figure 1). During the follow-up period, the
prevalence of use of ACEIs/ARBs, BBs, and statins remained relatively stable with less than
7% change over time. By contrast, the prevalence of clopidogrel use peaked in the second
month after discharge but then showed a slow and steady decline.

The PDCs of the four study medication classes showed similar patterns of change during the
follow-up period (Figure 2). Exposure to statins was highest among the four study
medication classes, followed by ACEIs/ARBs. Clopidogrel had the lowest exposure, as
measured by PDC. The average quarterly PDCs during follow-up for statins, ACEIs/ARBs,
BBs, and clopidogrel were 0.50, 0.48, 0.42, and 0.37, respectively. The trends reflect stable
use over the entire follow-up period with similar numbers of subjects initiating and
discontinuing drug use each month.

Multivariable analysis
Composite outcome—When the four study medication classes were analyzed
individually (Table 2, Models 1 through 4), for each class the hazard of the composite
outcome was significantly lower in subjects exhibiting the greatest exposure (PDC Category
5) compared to subjects in the lowest exposure category (PDC Category 1), with adjusted
hazard ratios ranging from 0.64 (statins) to 0.83 (beta-blockers). Statins showed the most
protective effect, and the effect increased as exposure increased. Beta-blockers had the
smallest effect on reducing the hazard of the composite outcome compared to the other drug
classes.

When all four study medication classes were included in the same model (Table 2, Model 5),
the hazard of the composite outcome remained significantly lower in subjects exhibiting the
greatest exposure compared to those in the reference category for all classes except beta-
blockers. Exposure to statins was associated with the largest reduction in the adjusted hazard
ratio when compared to the other three classes. There was no effect modification of age on
exposure and outcomes in any of the composite outcomes models.

Mortality—The impact of drug exposure on post-AMI mortality was analyzed in the same
manner as the composite outcome. Similar findings were observed and are noted in Table 3.
As with the composite outcome, it was found that when each class was studied individually,
the highest exposure category (PDC Category 5) for all four study medication classes was
associated with a significant reduction in the hazard of death; in addition, the magnitude of
the reduction in mortality was greater than what was observed for the composite outcome
(Table 3, Models 1–4). Also of note, while exposure to beta-blockers lost significance when
all four classes were analyzed simultaneously for the composite outcome, this was not the
case for the mortality outcome, as high exposure (PDC Category 5) to beta-blockers was
associated with a significant reduction in the hazard of death (Table 3, Model 5). Exposure
to statins was associated with the largest reduction in the hazard of death, with the
magnitude of the reduction increasing as exposure improved, similar to what was seen for
the composite outcome. Additionally, results of the LR test indicated that the interaction
between age and statin exposure was significant (Table 3, Model 3: LR test p<0.03, Model
5: LR test p<0.02), meaning that age significantly modified the survival benefit of statin
exposure. Therefore, for Models 3 and 5, age-specific HRs are reported for statins.
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DISCUSSION
Overall, we found low exposure to the four study medication classes, as measured by PDC.
While use of these medication classes paralleled previous studies, the magnitude of exposure
to these medications was generally lower than in previous studies. 9,20,23,28,29,32–34 For
example, we observed lower clopidogrel use than previously reported. 28,35 In our study,
clopidogrel exposure peaked after two months post-AMI and declined steadily thereafter.
This was not unexpected, as guidelines generally suggest use of clopidogrel for two weeks
to at least 12 months in patients with acute myocardial infarction, depending on the type of
infarction and coronary stent used. 11–14 While the magnitude of exposure to clopidogrel
observed in our study was markedly lower than that observed by Zhu et al, it is important to
note that the study populations differed substantially. Specifically, Zhu et al only included
patients who had undergone percutaneous coronary intervention (PCI), a patient
characteristic which has been shown to be associated with higher rates of clopidogrel
exposure. 28,29,35

In addition, use of beta-blockers in our study was similar to previous reports, though
exposure to beta-blockers never surpassed a mean PDC of 44%. 32,34 Our finding is lower
than the magnitude of exposure to beta-blockers observed in a recent international study; 29

however, it is important to note that study participants were younger in that study than in our
study, and access to medications may differ outside of the United States. Notably, studies
have shown that with increasing age, adherence to medication decreases.17–19,28

While we found statistically significant mortality and composite outcome risk reduction
benefits for all medication classes in the individual drug models (Models 1–4), when all four
medication classes were included in the same model (Model 5) the benefit of beta-blockers
was only observed for the mortality outcome. The smaller estimated impact of each drug
class in Model 5 is consistent with the presence of a healthy behavior effect, which is
controlled for in this model specification. The magnitude of the observed mortality risk
reduction was largest for statins and smallest for beta-blockers. These findings are similar to
those of Rasmussen et al, who found that while both statins and beta-blockers had survival
benefits as adherence to each class improved, the magnitude of benefit was larger for statins
than for beta-blockers.18 The mortality benefit from beta-blockers seen in patients with the
greatest level of exposure (PDC Category 5) was independent of the other three study
medication classes. Our findings are consistent with those of multiple large clinical studies,
which found that treatment with beta-blockers post-AMI improved survival,36–38 and that
beta-blockers afforded an additional decrease in cardiovascular mortality independent of the
effect of ACEIs. 39 Our findings support the importance of beta-blocker therapy in elderly
post-AMI patients, even with the advent of newer therapies such as ACEIs and clopidogrel.

Except for statins, there were no differential effects of drug exposure by age group.
However, statin exposure, as assessed by PDC, consistently showed a greater survival
benefit among patients age 65–74 and 75–84, compared to those in the youngest (age<65)
and oldest (age >85) age groups.

Our study has some limitations. Specifically, because this analysis was based on
administrative data, measurement and ascertainment were limited by information available
in such data. We were unable to account for use of aspirin due to its availability over-the-
counter. Another limitation was the inability to determine specific reasons for nonuse of, or
low exposure to, study medication classes. Unfortunately, we could not distinguish between
physician behavior (failing to prescribe the drug) or patient behavior (failure to fill or refill
prescriptions). This is a particularly important limitation as it provides little guidance for
how best to implement interventions designed to increase medication utilization.
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Additionally, drug exposure was determined by refill patterns; information on actual
ingestion of the medication or actual dose taken was not available. However, exposure as
ascertained by prescription refill patterns has been shown to be a valid measure of patient
adherence. 40–42 Moreover, we were unable to identify individual patients for whom a study
medication may not have been indicated and who were therefore appropriately not receiving
a medication. As with any observational study, there is the potential for residual
confounding. Although we believe Model 5 addresses potential confounding due to healthy
behavior, there are other ways in which patients with higher PDC may be systematically
different than patients with lower PDC. For example, it is possible that patients who are
responding well to the medications are more likely to continue their therapy (and thus have
higher exposure) while patients who are not responding well to the medications are more
likely to either stop their medications or have their medications discontinued by their
physicians. Finally, although our study sample was drawn from a random sample of
Medicare beneficiaries with AMI, our findings may not be generalizable to all Medicare
patients with AMI due to study exclusion criteria. Additionally, we found a mortality risk
reduction benefit of medication exposure post-AMI across the spectrum of AMI events; this
benefit may not translate into a mortality risk reduction benefit for specific types of AMI
events, such as non-ST segment elevation or ST-segment elevation AMIs.

Particular strengths of our study include a relatively long post-AMI follow-up period as well
as the use of time-varying measures for PDC to account for variations in exposure to
cardiovascular medications over time. Another strength of the study is our control for
healthy behavior bias. Additionally, our study was conducted using a large nationally
representative sample of older adults at proven risk for cardiovascular events given their
history of AMI. Finally, the study sample comprised Medicare beneficiaries with drug
coverage under Part D, and there is both clinical and policy interest in the impact of Part D
on beneficiaries’ health.

Our study adds to the literature by demonstrating that in an older population in a “real-
world” setting, increased exposure to evidence-based pharmacotherapy after AMI resulted in
beneficial outcomes, specifically reduced mortality risk. Thus, it is reasonable to conclude
that efforts to increase patient exposure to indicated pharmacotherapy may in turn have a
long-term beneficial effect on patients’ outcomes post-AMI. In fact, a recent study examined
the effect of eliminating copayments for cardiac medications (statins, beta-blockers, and
ACEIs/ARBs) on adherence and outcomes in patients with AMI and found that among those
who had copayments waived, adherence to each medication class increased significantly and
the rates of vascular events or revascularization decreased significantly.43 In another study,
clopidogrel discontinuation patterns were found to be sensitive to costs, with decreasing
clopidogrel copayments resulting in improved adherence to clopidogrel and fewer post-AMI
hospitalizations.44 Based on these findings, future interventional studies of post-AMI
outcomes designed to eliminate barriers to medication use across the full spectrum of
evidence-based cardiac medications appear warranted.
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Figure 1.
Trend of prevalence of use of study medications during follow-up
Abbreviations: ACE, angiotensin-converting enzyme inhibitor; ARB, antiotensin-II receptor
blocker; BB, beta-blockers; STN, statins; CLOP, clopidogrel.
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Figure 2.
Trend of monthly PDC of study medications during follow-up
Abbreviations: PDC, proportion of days covered; ACEI, angiotensin-converting enzyme
inhibitors; ARB, angiotensin II receptor blockers; BB, beta-blockers; STN, statins; CLOP,
clopidogrel.
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Table 1

Characteristics of the study sample (n=9,583)

Characteristics N Percent

Sample Size 9,583 100

Age (%)

 <65 1,239 12.9

 65–74 2,910 30.4

 75–84 3,418 35.7

 85+ 2,016 21.0

Sex (%)

 Female 6,200 64.7

 Male 3,383 35.3

Race (%)

 White 8,029 83.8

 Black 1,002 10.5

 Hispanic 245 2.6

 Asian 147 1.5

 Other 160 1.7

Region (%)

 Northeast 1,707 17.8

 North Central 2,566 26.8

 South 4,005 41.8

 West 1,283 13.4

 Other 22 0.2

Low-income subsidy (LIS) status (%)

 No LIS 4,619 48.2

 LIS Dual Medicare-Medicaid 4,395 45.9

 LIS non-Dual 569 5.9

Comorbidities (%)

 Atrial fibrillation 1,996 20.8

 Alzheimer’s or related dementia 2,082 21.7

 Chronic heart failure 5,297 55.3

 Chronic kidney disease 3,114 32.5

 COPD 3,416 35.6

 Diabetes 4,539 47.4

 Ischemic heart disease 7,562 78.9

 Valvular heart disease 2,810 29.3

 Stroke/TIA 2,211 23.1

 Idiopathic cardiomyopathy 1,164 12.1

 Hypertension 8,327 86.9

 Hyperlipidemia 6,378 66.6

 Peripheral vascular disease 3,078 32.1
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Characteristics N Percent

Disease severity (%)

  Any use of drug/non-drug eluting stent in index AMI 2,783 29.0

  NSTEMI 6,543 68.3

  Transfer or readmission within 1 day of the index AMI admission 1,121 11.7

  Evidence of any hospitalization within 3 months before index AMI 1,756 18.3

  Any use of ACE-inhibitors/ARBs within 3 months before index AMI 4,526 47.2

  Any use of Beta-blockers within 3 months before index AMI 2,868 29.9

  Any use of statins within 3 months before index AMI 3,262 34.0

  Any use of clopidogrel within 3 months before index AMI 1,353 14.1

Abbreviations: COPD, chronic obstructive pulmonary disease; TIA, transient ischemic attack; AMI, acute myocardial infarction; ACE-inhibitors,
angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; NSTEMI, non-ST elevation myocardial infarction.
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