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Persistence with Secondary Prevention Medications after Acute
Myocardial Infarction: Insights from the TRANSLATE-ACS Study

Robin Mathews, MD?, Tracy Y. Wang, MD, MHS, MSc?, Emily Honeycutt, MBI&, Timothy D.
Henry, MDP, Marjorie Zettler, PhDC, Michael Chang, MDY, Gregg C. Fonarow, MD¢, and Eric
D. Peterson, MD, MPH2 on behalf of the TRANSLATE-ACS Study Investigators
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Abstract

Background—~Persistent use of secondary prevention therapies after acute myocardial infarction
(M1) is critical to optimizing long-term outcomes.

Methods—Medication persistence was assessed among 7,955 MI patients in 216 hospitals
participating in the TRANSLATE-ACS study from 2010 to 2012. Persistence was defined as
continuation of aspirin, adenosine diphosphate receptor inhibitors (ADPRi), beta-blockers,
angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin receptor blockers (ARBs), and
statins from discharge to 6 months post-MI. Multivariable logistic regression modeling was used
to determine factors associated with non-persistence, defined as <80% persistence with all
medication classes.

Results—Overall, 31% of MI patients stopped taking a least one medication by 6 months. The
most common reasons cited for medications discontinuation were side effects and physician
instruction (57%), while financial concerns were cited in 8% overall. After multivariable
modeling, black race (odds ratio [OR] 1.36; 95% confidence interval [CI] 1.15-1.62), older age
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(OR 1.07; 95% CI 1.02-1.12), atrial fibrillation (OR 1.67, 95% CI 1.33-2.09), dialysis (OR 1.79;
95% CI 1.15-2.78), and depression (OR 1.22; 95% CI 1.02-1.45) were associated with lower
likelihood of persistence. Private insurance (OR 0.85, 95% 0.76-0.95), prescription cost assistance
(OR 0.63; 95% CI 0.54-0.75), and outpatient follow-up arranged prior to discharge (OR 0.89.
95% CI 0.80-0.99) were associated with higher persistence.

Conclusions—Nearly one-third of MI patients are no longer persistent with their prescribed
medications by 6 months. Patients at high risk of non-persistence may be identified by clinical and
sociodemographic features. These observations underscore key opportunities to optimize
longitudinal use of secondary prevention therapies.

Keywords

acute myocardial infarction; medication adherence; antiplatelet therapy; percutaneous coronary
intervention

The treatment of patients with acute myocardial infarction (MI) has improved dramatically
over the past decade. Evidence-based medical therapies are now routinely used at very high
rates during inpatient care.l Most patients are prescribed appropriate secondary prevention
therapies at discharge, yet persistent use of these therapies has been suboptimal. Studies
have reported that as many as half of cardiac patients discontinue prescribed therapies soon
after discharge from the hospital?:3; however, these studies are dated and reflect patterns in
select patients and settings. Most secondary prevention medications have become generic,*
and the availability of prescription coverage has broadened.> However, it is unknown
whether these and other factors have combined to improve longitudinal persistence rates in
routine community practice.

Persistence with medications is also known to vary as a function of patient, provider, and
health system factors.” Additionally, though several interventions have been identified to
improve patient persistence with medications, their cost effectiveness has not been fully
determined. As health care costs rise, improving patient persistence with medications will
become a major priority of both policy makers and third-party payers. Suboptimal
persistence with prescribed therapies has been identified as a driver of both healthcare costs
and worse clinical outcomes, thereby making it a target for intervention and improvement.8:°
Nevertheless, it will be important to identify those who are at highest risk of non-persistence
to allow these interventions to be tailored.10

The Treatment with Adenosine Diphosphate Receptor Inhibitors: Longitudinal Assessment
of Treatment Patterns and Events after Acute Coronary Syndrome (TRANSLATE-ACS)
study is a contemporary multicenter observational registry of acute MI patients that captures
detailed baseline clinical, sociodemographic, and provider characteristics along with
downstream patient-reported medication persistence. TRANSLATE-ACS provides a unique
opportunity to: 1) examine the patterns of, and reasons for, medication non-persistence after
an acute MlI; 2) compare differences in patient, sociodemographic, and economic factors
between those who are persistent versus those who are less persistent; and 3) evaluate
potentially modifiable factors associated with non-persistence.

Am Heart J. Author manuscript; available in PMC 2016 March 25.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mathews et al. Page 3

Methods

Study design and population

TRANSLATE-ACS is an observational study of acute ST-segment elevation Ml or non-ST-
segment elevation M1 patients treated with percutaneous coronary intervention (PCI)
(clinical trial #NCT01088503). Inclusion and exclusion criteria, collected variables, and the
details of data collection have been previously described.! Briefly, the study was broadly
inclusive, and excluded only patients who were not able or willing to provide written
informed consent for longitudinal follow-up, and those who were also participating in a
research study that directs the use of ADPRi within the first 12 months after acute MI. The
individual institutional review board of each reporting hospital approved participation in
TRANSLATE-ACS. All data was collected prospectively. Study follow-up was conducted
via telephone interviews by trained personnel at the Duke Clinical Research Institute.

For the current analysis, we included all patients (n=8,654) enrolled in TRANSLATE-ACS
between April 2010 and May 2012 who were eligible for 6-month post-MI follow-up to
ascertain medication persistence. We excluded patients who died in the hospital (n=12),
patients who were lost to follow-up for the 6-week and 6-month interviews (n=573), patients
missing medication information at 6 weeks and 6 months post-MI (n=111), and patients who
were not discharged on any of the five cardiovascular medication classes under investigation
in this study (n=3). The final study population included 7,955 acute MI patients treated at
216 hospitals.

Study variables and definitions

Participating hospitals collected information on baseline demographic and clinical
characteristics, processes of care, and in-hospital outcomes using a standardized set of data
elements and definitions aligned with those used by the National Cardiovascular Data
Registry®-12 Baseline patient data, including discharge medications, were captured
prospectively via chart review at discharge and were entered by sites into a web-based data
collection form. At discharge, enrolled patients were provided a medication diary to record
any changes in medications and the rationale for each change. At each post-discharge
interview, patients were instructed to collect all their current medication bottles and read
back all medications to the interviewer. The lists were compared with the most recent
medication list collected at either hospital discharge or at the last post-discharge interview.
If a medication was continued, doses and frequency were confirmed. If a medication was not
continued, the date of last use, as well as the reason for medication discontinuation, was
collected from a list of options for a patient to choose from.

This analysis focused on five classes of secondary prevention medications with Class |
recommendations by the American College of Cardiology/American Heart Association
Guidelines including: 1) aspirin; 2) beta-blocker; 3) angiotensin-converting enzyme inhibitor
(ACEI) or angiotensin receptor blocker (ARB); 4) statin; and 5) adenosine diphosphate
receptor inhibitor (ADPRi).13 If any medication class was stopped since the last contact, the
date of discontinuation and reason for this change was queried by the interviewer. Patients
were prompted to refer to their study diary to provide this information. Medication
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persistence was defined as patient-reported continued use of a medication class prescribed at
index hospital discharge at both 6-week and 6-month interviews. For analyzing use of all
evidence-based medications, we stratified patients according to composite persistence4 into
three groups: 1) high persistence (persistence with >80% of discharge medication classes);
2) moderate persistence (persistence with 40-80% of discharge medication classes); and 3)
low persistence (persistent with <40% of discharge medication classes).

Statistical methods

Results

Patient characteristics and outcomes in each group were described using frequencies and
percentages for categorical variables and median (with 25" and 75t percentiles) for
continuous variables. Missing data were rare (7.3%) for all variables considered in the
regression models. Characteristics of patients in each group were compared using Chi-
square tests for categorical variables and Wilcoxon rank sum tests for continuous variables.

Multivariable logistic regression modeling was used to determine baseline demographic,
clinical, and discharge factors associated with medication non-persistence at 6 months.
Patient-level covariates examined in the model included age, gender, black race, non-
Hispanic ethnicity, private insurance coverage, history of MI, coronary artery bypass graft
surgery, PCI, prior heart failure, diabetes mellitus, hypertension, prior cerebrovascular
accident/transient ischemic attack, atrial fibrillation or atrial flutter, end-stage renal disease
requiring hemodialysis, dyslipidemia, peripheral artery disease, gastrointestinal or
genitourinary bleed, in-hospital bleeding, current smoker, ejection fraction, referral to
cardiac rehabilitation, and follow-up appointment made prior to discharge. Additional
patient-level covariates collected by patient self-report included marital status, education
achieved, employment status, EuroQol-5 Dimensions (EQ-5D) score, and Patient Health
Questionnaire-2 (PHQ-2) score >3. The following variables were collected at the 6-week
follow-up interview: written discharge medication list and instructions provided at hospital
discharge, explanation for medication and potential side effects provided at hospital
discharge, self-reported financial hardship due to medication, assistance with medications
cost through insurance or other programs, and engages in at least 20 minutes of exercise
weekly. Missing values of the continuous variables were imputed to the median.

The TRANSLATE-ACS study was funded by Eli Lilly and Company and Daiichi Sankyo,
Inc. All data analyses were performed independently by statisticians at the Duke Clinical
Research Institute using SAS version 9.2 (SAS Institute, Cary, NC).

Patterns of medication persistence by 6 months

Our final study population included 7,955 MI patients treated with PCI. Nearly all patients
were discharged on aspirin (98%), an ADPRi (99.5%), statins (95%), beta-blockers (93%),
and ACEIs/ARBs (74%). At 6 months post-Ml, 5,509 patients (69%) were persistent with
all evidence-based cardiovascular medications prescribed at discharge. Of those who
discontinued at least one medication (31% of total), 2,265 patients were moderately
persistent (continued use of 40-80% of all medications prescribed at discharge), and 181

Am Heart J. Author manuscript; available in PMC 2016 March 25.
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patients had low persistence (continued use of <40% of all medications prescribed at
discharge). Among individual medication classes, persistence was highest with aspirin
(96%), followed by ADPRi (92%), beta-blockers (90%), statins (90%), and ACEIs/ARBs
(84%). Among patients who stopped their medication prior to 6 months, the duration of
persistence varied across the different medication classes. Patients remained on ADPRI for a
median of 68 days (interquartile range [IQR] 31-116 days) before eventual discontinuation
while they remained on aspirin for 55 days (IQR 7-119). This was followed by statins (51
days, IQR 7-117) and beta-blockers (49 days, IQR 13-108), while ACEIs/ARBs were
discontinued the earliest after discharge at 37 days (IQR 9-92).

Patient characteristics and factors associated with non-persistence

Patients with high secondary prevention persistence were more often white, employed, and
more likely to have private health insurance (Table I). Those with moderate and low
persistence were more often unmarried, uninsured, current smokers, and reported symptoms
of depression. Patients who were less persistent were also more likely to have atrial
fibrillation or heart failure on presentation. After multivariable modeling, baseline
demographic and socioeconomic factors independently associated with medication non-
persistence at 6 months are presented in the Figure. Black race, as well as increasing age,
remained independent demographic characteristics associated with non-persistence. Patients
with private insurance coverage and those who had medication payment assistance through
insurance or other programs were more likely to be persistent at 6 months. The presence of
atrial fibrillation and hemodialysis was associated with non-persistence, whereas a prior
history of coronary artery bypass graft surgery or hypertension was associated with higher
persistence. Patients with signs of depression during the index hospitalization were less
likely to be persistent, while those who engaged in regular exercise post-discharge were
more likely to be persistent. Scheduling of outpatient follow-up prior to MI hospitalization
discharge was significantly associated with increased medication persistence.

Reasons for medication non-persistence

Overall, physician direction accounted for approximately one-third of all reasons for
medication discontinuation across medication classes. The remaining reasons cited were
patient-related issues. For instance, medication side effect was reported in nearly 24% of
patients, while cost was identified among 8.3% of patients. Patient self-discontinuation
because of failure to refill after finishing the prior prescription was cited 5.6% of the time.
Reasons for medication discontinuation varied according to medication class (Table I1). Cost
was cited as a factor in discontinuation more often with ADPRi (16%) compared with the
other therapies which typically had generic options. Conversely, side effects were only
identified in 12.6% of patients who discontinued ADPRI, though bleeding was cited more
often.

Transition of care factors

Patients were discharged with a median of 7 (IQR 6-10) medications; the number of
medications at discharge was not significantly different between high, moderate, and low
persistence groups (Table I11). Most patients reported receiving written instructions for their
medications at discharge; however, patients with high persistence more often stated that they
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had received explanations from the provider on the reasons for each medication and the
potential side effects. Patients with higher medication persistence at 6 months more often
had a follow-up visit with their outpatient providers shortly after discharge than patients
with low persistence. Low persistence patients frequently reported financial hardship from
medication expenses; only one-third of these patients had prescription coverage or were
enrolled in a medication payment assistance program.

Discussion

While the use of guideline-based therapies in the management of coronary artery disease is
strongly recommended to improve morbidity and mortality, we found that up to one-third of
contemporary patients are no longer persistent with therapies prescribed at discharge by 6
months post-MI. Reasons cited for discontinuation of medications vary according to
medication class and include side effects, physician decision, and financial burden. Private
insurance, prescription coverage insurance, and outpatient follow-up arranged prior to index
discharge were associated with increased medication persistence, while increasing age,
black race, and depression were markers of low persistence.

Poor medication persistence

We identified both modifiable and non-modifiable factors associated with a patient’s
likelihood of persistence. Non-white race has been well established to be vulnerable to
under-treatment, 15 and we observed black race to be associated with non-persistence.
Though our study was able to incorporate potential confounding factors such as such as
household income, insurance status, educational attainment, and quality of life, black race
remained an independent predictor of non-persistence. Additionally, patients with
depression were also less likely to be persistent with medical therapy. Screening
instruments, such as those employed in this study (EQ-5D16 and PHQ-217), are validated
tools that are easy to administer and represent a feasible real-world option to identify
patients at risk for low medication persistence once discharged from the hospital.

Evaluation of interventions to improve persistence by reducing the financial burden of
medications have noted mixed results.18-21 In our study population, approximately 50% of
patients reported paying more than $100 a month in out-of-pocket expenses for medications.
When considering the median age of M1 patients,22 costs are a strong concern in the face of
fixed incomes and the likelihood of life-long medication needs. Though we found private
insurance coverage continued to be associated with medication persistence after adjustment,
this does not necessarily ensure adequate medication coverage.23 Patients who were enrolled
in prescription coverage or payment assistance programs were additionally associated with
higher persistence. Therefore, when considering the expansion of health insurance coverage,
specific focus should be placed on patients’ out-of-pocket cost burden, and potentially
providing incentives (financial and others) for evidence-based medication persistence.

Persistence rates in this study were higher than rates in previously published data. In a
similar acute MI population, Ho et al. noted less than 60% of patients discharged on aspirin,
beta-blockers, and statins were still on all three medications at 1 month post-discharge.3 By
6 months post-MI discharge, Kramer et al. noted only an approximate 50% adherence to

Am Heart J. Author manuscript; available in PMC 2016 March 25.
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beta-blockers.24 More recent studies demonstrate modest improvement with medication
persistence approaching 70% for cardiovascular therapies.1425 Possible explanations for the
higher persistence noted in our contemporary study may be the greater proportion of patients
covered by prescription drug coverage benefits, as well as the availability of generic options
for most of these evidence-based therapies, with the exception of ADPRi. Our study may
also reflect greater physician awareness of guideline-recommended therapies. 26 Targeted
health system strategies deployed in recent years, such as remote monitoring,2’ pharmacist
interventions,28 and web-based patients education efforts,2%-30 may also explain the higher
rates of medication persistence found in our study. Finally, it should also be noted that we
cannot exclude the possibility of overestimating true persistence rates, due to patient self-
reporting.

Transition of care and downstream persistence

Solutions

Current metrics for the inpatient treatment of M1 patients have achieved almost perfect
performance over the last decade, in part due to wide dissemination of guideline
recommendations and incentivized quality improvement efforts focusing on team-based
patient care.131-33 |n contrast, our study found outpatient medication persistence post-MI to
be considerably lower, underscoring the need for continued quality improvement efforts
during the transition of patients from the hospital back into their communities. The
processes for these transitions of care are likely fragmented and vary across health
systems.34=37 For example, we found substantial variation in the degree of patient education
received regarding medication indications and side effects between higher and lower
persistence groups. Although time restraints during a hospitalization may at times limit
patient education efforts,38 success has been noted in the care team model where physicians,
discharge nurses, physician extenders, and social workers collectively educate the patient on
post-discharge treatment goals, including medication adherence.3 We also observed that the
arrangement of outpatient follow-up prior to discharge was associated with higher
medication persistence.

Broad dissemination of care transition best practices, as well as team-based care quality
surveillance and improvement initiatives, are likely to promote a more seamless transition of
care from the inpatient to the community setting.40

Our study has identified multiple reasons for non-persistence with medical therapy. Some of
these factors appear valid, such as significant side effects or where medical therapy has
deemed to no longer be indicated by a health care provider. Other reasons are more
concerning, such as failing to refill medications or self-discontinuation due to lack of
perceived benefit. A “one size fits all” approach to improve persistence is unlikely to be
effective; therefore, any solution should have a multifaceted approach tailored to individual
patients.#! For instance, patients with an increased risk of adverse events may need a higher
provider threshold for discontinuation of therapies.*2 Among patients with cost as an
identified barrier, increased access to affordable medications would be an important
component to improving persistence. Other patients, however, simply need a better
understanding of their medication treatment regimen. Regardless of the reason, continued
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engagement with a patient by a member of the health care team allows for counseling as
well as opportunities to reevaluate a patient’s changing needs. Identifying the specific needs
of a patient via an understanding of both modifiable and non-modifiable risk factors can
allow for a personalized multipronged intervention to increase medication use and ultimately
improve outcomes.

Our study had several limitations. First, persistence with medications does not measure
adherence to prescribed therapies and physician instructions. For example, changing clinical
circumstances may result in new indications or contraindications prompting adjustments in
medications. This is likely why clinical conditions such as dialysis are associated with
nonpersistence. In the absence of direct observation or pharmacy validation, our data cannot
address whether medications were actually taken by patients as prescribed or titrated to
target doses in persistent patients. Additionally, data acquired through patient self-report
may be subject to recall bias. Second, since this is an observational study, causal
relationships cannot be inferred between persistence and patient or health-system factors.
Even after adjustment, unmeasured confounding may persist. Finally, study subjects
volunteered to participate in TRANSLATE-ACS, and therefore, may not be representative
of all Ml patients.

In conclusion, persistence with evidence-based therapies remains suboptimal among
contemporary Ml patients. Patients at high risk of non-persistence may be identified by
clinical and sociodemographic factors. Additional modifiable factors include those
associated with the transition of care from the hospital to the outpatient setting. A
multifaceted approach to understand barriers at the patient, provider, and health system
level, can allow for development of a tailored intervention based on an individual patient’s
needs. Such an approach has the potential to improve persistence with secondary prevention
therapies.
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Black race : — 1.36 (1.15,1.62)
Age (per 10 year increase) :... 1.07 (1.02,1.12)
Private insurance - —
Payment assistance program - ——— '
Atrial fibrillation 4 : —_— 1.67 (1.33,2.09)
Dialysis - ! & 1.79 (1.15,2.78)
CABG - —
Hypertension - :
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Moderate exercise | - :
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05 1 2 4
< >
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Figure. Forest Plot
This figure displays significant factors associated with medication non-persistence. Other

variables included in model: gender, ejection fraction, financial hardship with medication
expenses, non-Hispanic, prior myocardial infarction, prior percutaneous intervention, prior
heart failure, diabetes, hypertension, prior cerebrovascular accident/transient ischemic
attack, smoker, dyslipidemia, gastrointestinal/genitourinary bleed, in-hospital bleeding,
peripheral artery disease, discharge to home, cardiac rehab referral, EQ5D score, married, =
high school graduation, employed, written discharge medication list/instructions,
explanation for medication and potential side effects, out of pocket med expenses. Moderate
exercise = at least 1 day a week of =20 minutes of exercise. OR listed with 95% confidence
intervals.

CABG, coronary artery bypass graft surgery; EQ-5D, EuroQol-5 Dimensions; OR, odds ratio
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Table |
Patient Characteristics
High persistence (n=5,509) M oderate persistence (n=2,265) Low persistence (n=181) p-value
Age (years)” 60 (52, 68) 60 (53, 69) 58 (51, 71) 0.11
Female 27.1% 29.3% 26.5% 0.13
Race
White 90.1% 86.9% 86.2% 0.0002
Black 7.4% 9.7% 12.7% 0.0003
Hispanic 2.8% 2.7% 4.9% 0.21
Employed (full/part time) 51.7% 48.2% 42.5% 0.002
Married 66.5% 64.2% 49.7% <.0001
College education or higher 53.7% 52.8% 45.9% 0.12
Insurance
Private 67.9% 62.0% 50.3% <0.0001
Medicare 33.4% 36.9% 39.8% 0.003
Medicaid 5.8% 5.3% 7.2% 0.50
Uninsured 11.8% 15.9% 24.3% <0.0001
Comorbidities
Prior Ml 19.0% 18.9% 19.3% 0.99
Prior PCI 21.2% 20.7% 26.5% 0.18
Atrial fib/flutter 3.9% 5.5% 12.2% <0.0001
Diabetes 25.3% 26.4% 29.8% 0.26
Hypertension 67.9% 66.1% 66.9% 0.26
Dyslipidemia 68.3% 65.9% 59.1% 0.006
Current smoker 36.0% 38.9% 47.5% 0.0009
Presentation features
STEMI presentation 51.7% 51.4% 50.3% 0.42
Cardiogenic shock 2.2% 2.0% 2.2% 0.88
Heart failure symptoms/signs 6.3% 5.9% 12.7% 0.002
ACTION risk scorel 30 (25, 34) 30 (25, 35) 29 (29, 24) 0.81
EQ-VAS score” 75 (60, 85) 75 (55, 85) 75 (50, 90) 0.13
Depression: PHQ2 >3 7.0% 8.9% 8.3% 0.02

*
Reported as median (25th and 75th percentiles).

TValidated mortality risk prediction scorel®

ACTION, Acute Coronary Treatment and Interventions Outcomes Network; DC, discharge; EQ-VAS, EQ-5D visual analogue scale; M1, myocardial
infarction; PCI, percutaneous coronary intervention; PHQ2, Patient Health Questionnaire-2 (depression); STEMI, ST-segment elevation

myocardial infarction
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