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SUMMARY

Background Poor levels of medication adherence for patients with coronary heart disease (CHD) have been documented
but it is unclear whether adherence has improved over time.
Methods We assembled a retrospective cohort of lower-income Medicare beneficiaries who were discharged from the
hospital after their first acute myocardial infarction (MI) between 1 January 1995 and 31 December 2003. For patients
prescribed a statin, ACEI/ARB, beta-blocker, and all 3 of these medications after the hospital discharge, we evaluated
medication adherence by determining the proportion of days covered (PDC) for each medication in the subsequent year.
Results Our cohort consisted of a total of 33 646 patients. Adherence rates for statins and beta-blockers, but not ACEI/
ARB, increased significantly over time but remained suboptimal. For example, among those patients that received a statin
after discharge, 38.6% were fully adherent with therapy in 1995 in contrast to 56.2% in 2003 (p value for trend <0.001). Of
patients prescribed all 3 of statin, beta-blocker, and ACEI/ARB, 29.1% and 46.4% were fully adherent in 1995 and 2003,
respectively (p value for trend <0.001).
Conclusions Our analysis demonstrates statistically significant but modest improvements in medication adherence for
statins and beta-blockers, but not ACEI/ARBs, among patients discharged from hospital after acute MI. Despite these
improvements, rates of non-adherence to these highly effective therapies remain extremely high. Given the health and
economic consequences of non-adherence, the development of cost-effective strategies to improve medication adherence
should be a clear priority. Copyright # 2008 John Wiley & Sons, Ltd.
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INTRODUCTION

Coronary heart disease (CHD) remains the leading
cause of death in the US and other developed
countries;1 more than 1 million Americans have an
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acute myocardial infarction (MI) every year.2 In 2006,
CHD is estimated to have accounted for more than
$140 billion in direct and indirect health care costs.2

Highly effective medications for the treatment and
prevention of CHD-related events have been identified
and evaluated,3–8 and practice guidelines now
recommend that post-MI patients receive treatment
with a beta-blocker, a lipid lowering agent, an
angiotensin converting enzyme (ACE) inhibitor or
angiotensin receptor blocker (ARB), and aspirin,9



1190 n. k. choudhry ET AL.
unless a contraindication exists. Aided by large-scale
efforts, such as the American Heart Association’s Get
With the Guidelines program10 and the American
College of Cardiology’s Guidelines Applied in
Practice (GAP) initiative,11 more MI patients are
prescribed effective pharmacotherapy when being
discharged from hospital.12

Patients must adhere to their prescribed treatment
regimens in order for these medications to maximally
reduce the burden of CHD.13 Poor adherence to post-
MI medications has been documented.14 For example,
only 45% of patients are fully adherent with beta-
blockers in the 1 year after an acute MI,15 and only
50% of patients are adherent with their prescribed
statin.16 Less than 20% of acute MI patients use all
four of the recommended agents.17 Non-adherence is
of particular relevance to the elderly, as the prevalence
of CHD and the risk of death after MI increases as a
function of age.18,19

Interventions to improve medication adherence
have been developed and evaluated.20 However, it
is unclear if these interventions and the growing
attention to non-adherence more generally have
resulted in improvements in medication-taking beha-
vior for elderly patients with CHD and other common
chronic conditions. Accordingly, we used a large
population-based cohort of Medicare beneficiaries
discharged from hospital after acute MI to evaluate
trends in adherence to commonly prescribed second-
ary prevention medications.
METHODS

Setting and design

We assembled a retrospective cohort of Medicare
patients who were discharged from hospital after
their first acute MI between 1 January 1995 and
31 December 2003 by linking Medicare files to data
from the Pennsylvania Pharmaceutical Assistance
Contract for the Elderly (PACE)18 and the New Jersey
Pharmaceutical Assistance to the Aged and Disabled
(PAAD)19 programs. Both PACE and PAAD provide
prescription drug benefits to individuals of age �65
whose yearly earnings are above the threshold to
qualify them for Medicaid. Participants pay co-
payments between $5 and $10 per prescription without
any deductibles and are supplied a maximum of
30 days of medication with each prescription. The
programs cover all medications that require a
prescription and do not restrict which medications
can be prescribed (i.e., the programs do not use
Copyright # 2008 John Wiley & Sons, Ltd. Pha
formularies, preferred drug lists, or prior authorization
programs).

We combined filled prescription data from PACE
and PAAD with complete paid claims data from
Medicare Parts A and B describing all clinical
encounters for these individuals. The data were
assembled into a relational database consisting of
data for all filled prescriptions, procedures, inpatient
and outpatient physician encounters, hospitalizations,
long-term care admissions, and deaths for the patients
in our cohort. These data sources have been used
extensively to study population-based health out-
comes.20–22 All traceable person-specific identifying
factors were transformed into anonymous, coded
study numbers to protect subjects’ privacy.

The date of hospital discharge after acute MI was
considered as the index date for our analysis. In order
to create a cohort of patients who experienced their
first MI during the study period, we excluded patients
who had an MI during the year prior to their index
admission and considered only the first MI discharge
for patients who had more than one eligible event
during the follow-up time. We also excluded patients
who were not active users of Medicare and either drug
benefit program during the 1-year period prior to and
after their MI hospitalization so as to have complete
ascertainment of co-morbidities and outcomes. If
patients died during follow-up, they were included in
our cohort but were censored on the date of death.

The institutional review board of Brigham and
Women’s Hospital approved this study.
Medication use and adherence assessment

We identified whether the patients in our cohort were
prescribed a statin, ACEI/ARB, beta-blocker, and all 3
of these medications within 90 days after the hospital
discharge. For patients who received one or more of
the drugs of interest, we evaluated medication
adherence by determining the proportion of days
covered (PDC) for eachmedication, a valid and widely
used adherence metric.21 PDC is calculated by
dividing the number of days of medication supplied
(numerator) by the number of days (denominator) in a
given interval.

For our analysis, the numerator was the sum of
number of days of medication supplied on each
prescription after hospital discharge to 1 year after the
index date or death, whichever came first. For
example, a patient who was discharged from hospital
on 31December 2003was followed until 31December
2004. The denominator was the number of days
rmacoepidemiology and Drug Safety, 2008; 17: 1189–1196
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between the first prescription date and 1 year after the
index date or death, whichever came first. For each
drug, we considered all prescriptions written for an
agent in the class, regardless of the specific agent. For
prescriptions written near the end of the observation
window that had more days supplied than were left in
the observation window, we counted the days supplied
as only the number of days between that prescription
date and the end of the observation window. We
subtracted any days patients spent in hospital or a
nursing home after the index date from the denomi-
nator. To assess simultaneous adherence to all three
medication classes, we calculated the average PDC.
On the basis of their PDCs, we classified patients into
1 of 3 groups for each medication using standard
thresholds: �80% (‘fully adherent’), 40–79% (‘par-
tially adherent’), and <40% (‘non-adherent’).22

Covariates

We determined patient co-morbidities by searching all
data from ambulatory care visits and hospitalizations
for relevant diagnostic codes in the 1 year prior to
the index date. In this manner, we identified the
following characteristics: age at index date, gender,
race, hypertension, diabetes, congestive heart failure,
cerebrovascular disease, peripheral vascular disease,
chronic kidney disease, and chronic obstructive
pulmonary disease. We also assessed use of the
following medications in the year prior the index
hospitalization: statins, ACEI/ARB, beta-blockers,
calcium channel blockers, diuretics, nitrates, digoxin,
and clopidogrel. Finally, we evaluated whether
patients underwent angioplasty and coronary stent
insertion when they were hospitalized for their index
event.

Statistical analysis

We categorized patients based on the year they
experienced their MI and then plotted the annual
proportion of patients who received each and all three
of the of the study medications (statins, ACEI/ARB,
and beta-blocker) within 90 days of hospital discharge
and who were fully adherent to these drugs. We
assessed whether the proportion of patients who were
fully adherent to therapy (i.e., PDC �80%) changed
over time using bivariate logistic regression models.
We then used multivariable logistic models to adjust
for differences in patient co-morbidity and demo-
graphics and their use of cardiovascular procedures
and medications between the annual cohorts and to
identify other predictors of changes in adherence. In a
Copyright # 2008 John Wiley & Sons, Ltd. Pha
secondary analysis, we assessed whether trends in
adherence differed for patients who were using statins,
ACEI/ARB, beta-blockers, and all 3 of these agents
prior to their MI (i.e., ‘prevalent’ users) and those who
were newly prescribed medications after their MI (i.e.,
‘new users’), defined as not having filled a prescription
for a given medication in the 12 months before
their first prescription date. Finally, we repeated the
analyses using multivariable linear models to assess
PDC as a continuous, rather than categorical, variable.
The statistical significance of regression coefficients
in all our models was assessed using two-sided t tests.
All analyses were performed using SAS version
8.2 (SAS Institute, Cary, NC).

RESULTS

Patient population

Our cohort consisted of a total of 33 646 patients
discharged from hospital after their first MI. Patients
had a mean age of 81 years, three-quarters were
female and 90% were white (Table 1). Patients in the
later years of the study were more likely than patients
in the early study years to have had cardiac risk
factors, co-morbidities, and to use cardiovascular
medications before being initially hospitalized. The
frequency with which percutaneous interventions
were used also increased over time.

Post-MI medication use and adherence

After acute MI discharge, the proportion of patients
that filled prescriptions for statins, beta-blockers, and
all 3 of statins, beta-blockers and ACEI/ARB within
90 days of hospital discharge increased significantly
over time. For example, 9.2% of patients filled a statin
within 90 days of hospital discharge in 1995 as
compared to 43.1% of patients in 2003 (p value for
trend <0.001). In contrast, use of ACEI or ARB after
hospital discharge remained at approximately 45%.
Adherence rates for statins and beta-blockers, but

not ACEI/ARB, also increased significantly over time
although the magnitude of these changes was smaller
than those observed for improvements in prescription
rates (Figure 1). For example, among those patients
that received a statin after discharge, 38.6% were fully
adherent with therapy in 1995 in contrast to 56.2%
in 2003 (p value for trend <0.001). Of patients
prescribed all 3 of statin, beta-blocker, and ACEI/
ARB, 29.1 and 46.4% were fully adherent in 1995 and
2003, respectively (p value for trend <0.001).
rmacoepidemiology and Drug Safety, 2008; 17: 1189–1196
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Table 1. Baseline characteristics of study cohort

Characteristic Cohort year

1995
(n¼ 3873)

1996
(n¼ 4684)

1997
(n¼ 4097)

1998
(n¼ 4040)

1999
(n¼ 3973)

2000
(n¼ 3738)

2001
(n¼ 3064)

2002
(n¼ 3117)

2003
(n¼ 3060)

Total
(n¼ 33 646)

Demographics
Age, mean years 79 80 80 80 81 81 82 82 82 81

Female, % 73.8 73.2 73.8 73.4 74.4 75.4 77.2 75.3 75.3 74.5

White, % 90.1 89.9 88.7 88.3 86.9 87.5 91.8 92.3 92.6 89.6

Nursing home residence*, % 7.3 9.3 10.1 11.7 14.1 14.7 14.5 12.7 12.4 11.5

Co-morbid conditions, %
Congestive heart failure 68.0 68.9 70.4 72.8 71.9 73.3 72.0 73.3 72.5 71.3

Cerebrovascular disease 31.6 33.6 34.8 36.7 37.9 42.3 41.3 40.2 41.0 37.5

Peripheral vascular disease 25.5 26.3 28.9 29.0 31.3 32.1 32.1 29.8 31.8 29.5

Hypertension 65.6 68.5 71.5 72.7 73.8 77.2 79.7 81.2 83.4 74.2

Diabetes 46.0 44.3 47.0 46.7 47.6 48.0 48.2 48.4 48.6 47.0

Chronic obstructive
pulmonary disease

36.4 37.0 38.3 40.5 43.1 42.2 40.2 44.8 44.1 40.5

Chronic kidney disease 17.0 17.2 20.2 20.9 21.3 25.2 25.1 26.4 29.5 22.1

Prior medication use, %
Statin 10.1 11.0 15.7 19.4 21.5 23.1 28.4 33.4 35.6 21.0

ACEI or ARB 34.0 33.4 35.4 37.4 38.7 40.7 43.0 42.9 43.4 38.3

Clopidogrel 0.0 0.0 0.0 0.9 5.6 8.5 10.0 13.0 14.1 5.2

Beta-blocker 23.1 24.1 26.6 27.8 30.6 33.8 36.7 40.7 42.7 31.0

Calcium-channel blocker 53.2 50.6 48.5 47.2 45.7 43.6 43.3 40.9 40.2 46.3

Diuretics 24.4 26.8 31.1 34.3 36.5 38.6 39.8 42.2 41.3 34.4

Nitrates 49.1 46.6 45.9 44.4 44.0 40.5 39.5 39.2 35.6 43.2

Procedures on index
hospitalization
PCI 11.6 12.8 13.3 15.2 16.0 15.8 18.0 19.5 21.1 15.6

CABG 7.0 8.4 8.6 8.0 8.1 8.4 7.7 7.9 7.1 7.9

�During the year prior to the index MI.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; PCI, percutaneous intervention; CABG, coronary artery
bypass.

Figure 1. Trends in 1 year adherence to post-myocardial infarction medications by year of hospital discharge
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Adherence to ACEI/ARB therapy remained un-
changed through the study period (p¼ 0.33).

In our secondary analysis, we found that while rates
of adherence among prevalent users were significantly
higher than those among patients newly prescribed
the study medications after their MI, the trends in
adherence for new and prevalent users did not differ
for ACEI/ARB, beta-blockers, or all 3 of the study
medications. In contrast, patients newly prescribed
statins after their MI had greater improvements over
time than for prevalent statin users (p< 0.001).

Repeating our analysis using PDC as a continuous
variable yielded identical results to those presented
above.

Predictors of adherence

Trends in adherence persisted after adjusting for
patient demographics, co-morbidity, medication, and
procedure use (Table 2). Other consistent predictors of
increased adherence included white race and a
diagnosis of hypertension. In contrast, patients with
chronic obstructive pulmonary disease were less likely
to adhere to post-MI medications. Women and nursing
home residents were more likely to adhere to beta-
blockers and ACEI/ARBs but not statins. Patients who
had undergone CABG were less likely to adhere to
statins and ACEI/ARB but not beta-blockers.
Table 2. Multivariable predictors of the odds of being fully adheren

Predictor Statin

Year of discharge (per year) 1.08 (1.06–1.10) 1

Demographics
Age (per year) 1.00 (1.00–1.01) 1
Male 1.07 (0.97–1.17) 0
White race 1.79 (1.56–2.05) 1
Nursing home residence* 1.05 (0.86–1.27) 1

Co–morbid conditions
Congestive heart failure 0.99 (0.91–1.08) 1
Cerebrovascular disease 1.04 (0.95–1.13) 0
Peripheral vascular disease 1.06 (0.97–1.17) 1
Hypertension 1.14 (1.03–1.26) 1
Diabetes 1.00 (0.92–1.08) 0
Chronic obstructive pulmonary disease 0.82 (0.75–0.89) 0
Chronic kidney disease 1.13 (1.02–1.25) 1

Procedures on index hospitalization
Angioplasty or stent insertion 1.03 (0.94–1.13) 1
CABG 0.79 (0.69–0.90) 0

Health system use
Concurrent drugs (per drug) 1.01 (1.00–1.02) 1
Hospitalizations in prior year (per day) 0.99 (0.99–1.00) 0
Number of outpatient visits in prior year 1.00 (0.99–1.00) 0

�During the year prior to the index MI.

Copyright # 2008 John Wiley & Sons, Ltd. Pha
DISCUSSION

Our analysis of elderly Medicare beneficiaries
demonstrates statistically significant but modest
improvements in medication adherence for statins
and beta-blockers, but not ACEI/ARBs, among
patients discharged from hospital after acute MI.
However, these improvements represented only a
small proportion of the shortfall in medication
adherence; rates of non-adherence to these highly
effective therapies remain extremely high. For
example, among patients prescribed a statin, a beta-
blocker, and an ACEI/ARB, as currently recom-
mended by practice guidelines for the care of post-MI
patients,9 50% of patients were adherent with these
medications 1 year after their hospital discharge.
Poor adherence is associated with poor health

outcomes. Patients who adhere to a statin after MI
have a relative risk of recurrent MI which is 81% lower
than that of non-adherent patients.24 Post-MI patients
who discontinue their prescribed aspirin, statin, and
beta-blocker are more than 3 times more likely to die
than patients who remain adherent.25 Such disparities
are unexplained by the ‘healthy user effect’; that is, the
observation that healthier patients are more likely to
adhere to therapy (rather than adherence leading to
better health).22 Health care costs are also lower
among adherent patients and may more than offset
t

Beta–blocker ACEI /ARB All of statin, beta–blocker,
and ACEI/ARB

.03 (1.02–1.05) 0.99 (0.98–1.01) 1.09 (1.06–1.12)

.00 (1.00–1.01) 1.00 (1.00–1.01) 1.00 (0.99–1.01)

.88 (0.82–0.94) 0.93 (0.86–1.00) 0.85 (0.74–0.98)

.54 (1.40–1.70) 1.46 (1.32–1.61) 1.74 (1.43–2.11)

.22 (1.08–1.38) 1.30 (1.15–1.47) 1.41 (1.06–1.87)

.00 (0.94–1.07) 1.25 (1.16–1.34) 1.02 (0.90–1.16)

.97 (0.97–1.04) 1.02 (0.96–1.09) 0.99 (0.87–1.12)

.04 (0.97–1.11) 0.98 (0.92–1.06) 1.05 (0.92–1.19)

.15 (1.07–1.24) 1.08 (1.00–1.17) 1.20 (1.02–1.40)

.97 (0.92–1.03) 1.05 (0.98–1.12) 1.05 (0.93–1.19)

.83 (0.91–1.04) 0.87 (0.81–0.93) 0.76 (0.67–0.86)

.05 (0.98–1.14) 0.80 (0.73–0.86) 0.89 (0.76–1.03)

.09 (1.01–1.17) 0.89 (0.82–0.97) 1.05 (0.92–1.19)

.99 (0.89–1.10) 0.84 (0.75–0.94) 0.84 (0.69–1.03)

.01 (1.00–1.01) 1.01 (1.00–1.01) 1.00 (0.99–1.01)

.99 (0.99–1.00) 0.99 (0.99–1.00) 0.99 (0.99–1.00)

.99 (0.99–1.00) 0.99 (0.99–1.00) 1.00 (0.99–1.01)
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KEY POINTS

� While prescribing rates for post-myocardial
infarction (MI) secondary prevention medi-
cations have improved, it is unclear whether
longer-term adherence rates have also increased.

� In our analysis of post-NIMedicare beneficiaries
we found that adherence rates for statins
and beta-blockers, but not ACEI/ARB, have
increased significantly over time but remain
suboptimal.

� Given the health and economic consequences of
non-adherence, the development of cost-effec-
tive strategies to improve medication adherence
should be a clear priority.
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their greater medication costs.26,27 Thus, our results
highlight the impact which non-adherence has on
health care quality and expenditures.
There are many reasons for medication non-

adherence. Medication cost, complexity of treatment
regimens, treatment side-effects, cognitive impair-
ment, poor understanding of the benefits of treatment,
poor provider-patient relationships, and difficulties
accessing physicians or pharmacies have all been
identified as relevant factors.28 Adherence may be
particularly challenging for some cardiovascularmedi-
cations since patients may not immediately appreciate
improvements in symptoms from taking them.
The small magnitude of improvement in adherence

that we observed for beta-blockers and statins and
the absence of improvement for ACEI/ARBs likely
reflects the complex reasons for non-adherence and,
consequently, the modest effectiveness of most
interventions that have been thus far developed to
address this problem.20,29 In addition, many of the
most successful adherence interventions are extremely
labor intensive and multi-faceted and involve strat-
egies such as individual counseling, medication
education, reducing medication frequency, simplified
pill distribution dispensing systems, and reminders for
missed refills and appointments.20 Accordingly, the
cost-effectiveness of these efforts in real world
community-based settings such as those that we
studied may make their practical applicability less
useful.
High rates of medication non-adherence have been

demonstrated by previous investigators and the
rates of adherence we observed in our study mirror
these.16,30 For example, Newby et al. 31 assessed
medication adherence among patients who had
undergone cardiac procedures at the Duke University
Medical Center using annual surveys in which patients
listed the medications they were taking. They found
that in 2002 approximately 40% of subjects reported
use of combination lipid-lowering agents, beta-
blockers, and aspirin and that 35% of patients
prescribed these drugs were classified as ‘consistent’
users.31

Our study builds upon these and other results by
applying valid measures of adherence21 to study
longitudinal trends among a state-wide sample of
elderly patients discharged from hospital after an
acute MI who face little cost-relating for their post-
MI medications. Our analysis also identifies other
predictors of adherence such as race, which has been
demonstrated as a potent predictor of adherence in
other studies14 and co-morbid conditions, such as
COPD, which may in some cases distract physicians
Copyright # 2008 John Wiley & Sons, Ltd. Pha
and patients from the importance of preventive
medications like those prescribed after acute MI.32

Our results should be interpreted in context of
several limitations. First, we conducted our analysis
using data from two state-wide pharmacy assistance
programs that provide prescription drug benefits to
lower middle income individuals of age �65. As a
result, our cohort consisted predominantly of female
patients with a high prevalence of co-morbid medical
conditions. Therefore, while adherence to post-MI
medications may be especially important in these
high-risk populations, the results of our analysis
may not be generalizable to other populations with
different demographic and clinical characteristics.
Second, the administrative data used do not contain
detailed clinical information such as cholesterol
levels or ejection fraction. Therefore, it is possible
that patients appeared to be non-adherent with their
prescribed therapy when in fact they had been
discontinued for clinically appropriate reasons, such
as hyperkalemia in patients taking ACEI/ARBs or
bronchospasm in patients taking beta-blockers. Third,
we are unable to assess adherence to aspirin in our
cohort as this medication is primarily purchased over-
the-counter and accordingly we cannot comment on
whether there have been meaningful improvements in
adherence to this important medication.

Nevertheless, our results have important implica-
tions for elderly patients with CHD and their
physicians by highlighting the magnitude of the
problem of medication non-adherence. While strat-
egies to improve adherence to these essential
medications may have generated modest gains, the
majority of the problems remain. Given the health
and economic consequences of non-adherence, the
development of cost-effective strategies to improve
rmacoepidemiology and Drug Safety, 2008; 17: 1189–1196
DOI: 10.1002/pds
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medication adherence should be a clear priority. In
fact, the cost of some strategies, such as reducing cost-
sharing for essential cardiovascular medications, may
be more than offset by the cost-savings from improved
health that result from them, as we have recently
demonstrated for post-MI Medicare beneficiaries
enrolled in the Part D drug benefit.33 Thus, initial
efforts to improve adherence may be targeted at those
interventions that will improve adherence and health
outcomes without increasing overall health care costs.
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